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Student Edition Solutions

The Science of Physics

The Science of Physics, Practice A

Givens Solutions
1x10°m S
1. diameter = 50 um 50 X——=|5%x10"m
u o
1x10°s —
2. period =1 us lusX ———=[1x10""s
peiot= 11 o 2T

-9
1x10 "m =
3. diameter = 10 nm a. 10pmx17=
DAt
1 -
1x1073 mr
—8 lum )
C. 1X10 " mX———p—= 1x10 “ pum
1x107° mr

1Tm
4. distance=1.5x 10" m 15% 10" a1 x ————=1.5x 10" Tm
1x10'2 mr
1 km
1.5><10“m><73: 1.5 % 10% km
1Xx10° m

1k
5. mass = 1.440x 10° g 1440 X 100 g x ——— = | 1440 x 10° kg
1x10°¢g

The Science of Physics, Section 2 Review

—3
1% 10 1k
2. mass=6.20 mg a. 6.20 mg X ng g3 =16.20x107° kg
lmg ~ 1x10°g
1 ms
. -9 -9 —6
time=3Xx10"s b. 3x10 sx—zm
o= 3% 10 ms)
3
1x10°m
distance = 88.0 km c. 88.0krrf><l—= 8.80x 10*m

3. a. 26 % 0.02584 = 0.67184 =

b. 153 + 1.1 = 13.90909091 =

C. 782.45—3.5328 =778.9172=778.92

. 63.258 +734.2=797.458 =|797.5

[-%

Section One—Student Edition Solutions 1 Ch. 1-1



The Science of Physics, Chapter Review

Givens Solutions
1x107" I mm P
11. 2dm a. 2 dar ¥ X =|2% 10" mm
e
60 mi
2h 10 min b. 2 x lr;m =120 min

120 min + 10 min = 130 min

28 _[78x10°3]
=[78x10%s
sl xao’s|
16¢g c. 16ng§6= 1.6 x 10" ug
1x10°g
3
1x10 1cm
0.75 km d. 0.75 ke x EalY — =[75x10*cm
Tkt 1x10 2ar

-3

1x107g =
0.675 mg e. 0675 mgx——2={675x10""g
1 mg
—6
1x10 " Icm )
462 um f. 462 X X =14.62X10 “cm
5 Hat 1 1x 1072 ar

war

35kmr 1 1x10°
35 km/h g 2km, Lh  1x10m_
h 3600 s 1 kar

130 mimr X

. . 1 dekaration -
12. 10 rations a. 10 rations X—5————= 1 dekaration
10" rations

1 kmockingbird:
2000 mockingbirds b. 2000 mockingbirds x TocHhenIr ,S = | 2 kilomockingbirds

1 x 10° mockingbirds

. _ 1 pphone X
6 6
P 1076PM P
1 ngoat
107 goats d. 107 geats x § =

lO_ggeaﬁ

18 . 18 . 1 Eminer -
10°° miners e. 10" miners X —z———=
10" " miners

8
3.00x10°m 36008 1 km
13. speed of light = X x 1 x >—=1.08 X 10° km
8 9 1x 10" nr

3.00 x 10® m/s
At=1h

1 person
14. 1ton=1.000 x 10° k 1.000 X 10 ke x ————— = | 11 people

mass/person = 85 kg Note that the numerical answer, 11.8 people, must be rounded down to 11 people.

I Ch. 1-2 Holt Physics Solution Manual
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Givens

20.

Solutions

a.756g+372g+0.83g+25g=796.53g=|797¢

3.2m
b. ————=0.898119562 m/s={0.90 m/s
i 10.90 ms |
C. 5.67 mm X 7 = 17.81283035 mm =
d. 27.545—3.85=23745=

21. 93.46 cm, 135.3 cm

93.46 cm+ 135.3 cm = 228.76 cm = | 228.8 cm

22. /=3844m w=19.5m

3844 m+38.44m+195m+195m=11588m=|1159m

26. s=(a+b+c)+2

(s—a)(s—b)(s—0)

S

1, a, b, ¢, and s all have units of L.

|(length)®
length = \/ length X length X length = (length) = \/(length)? = length

length \/ length

Thus, the equation is dimensionally consistent.

L
217. T=2r |—
g
Substitute the proper dimensions into the equation.
. length (t' )2 .
ime= |——— > ——- =4/(time)" =time
[length/ (time)?]
Thus, the dimensions are consistent.
28. (m/s)zim/szx s
m%/s? = m/s
The dimensions are not consistent.
29. Estimate one breath every 5 s.
365days 24 3600 1 breath
70 years X X L X % =4 x10% breaths
lyear 1day 1k 5s
30. Estimate one heart beat per second.
24 36008 1 beat
1 day x Al X X =19 x 10* beats
lday 1k s
31. Ages will vary.
365 days 24 3600 s
17 years X X hx ={54x10%s
lyear 1day 1h
32. Estimate a tire’s radius to be 0.3 m.

3
1.609 kar 10 1 rev
50 000 mi X M ={4%107 rev
1 lkar 2 7(0.3m)

mi

Section One—Student Edition Solutions
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Givens Solutions

33. Estimate 30 balls lost per game.

30 balls 3
81 games X ={2x 10" balls
o

34. Estimate i Ib per burger and 800 Ib per head of cattle.

0.251b
10 10
5x 10" burgers x :-1><10 b
1 burger

0.251 o 1 head
lburger 8007Tb

= | 2% 107 head of cattle

5% 10'" burgers x

35. population = 8 million people  Estimate 5 people per family.

8 million people

— =2 million families
5 people per family

Estimate that 1/5 of families have a piano.

1
Number of pianos = (2 million families) z = 400,000 pianos
Estimate 3 tunings per day per tuner, with 200 work days per year.

Number of pianos tuned each year (per tuner) = (3)(200) = 600

400,000 pianos >
Number of tuners = - =|7 x 10 tuners
600 pianos/year per tuner

36. diameter = 3.8 cm Find the number of balls that can fit along the length and width.
/=4m w=4m h=3m 1 ball
p:es =100 balls
0.038 a1

Find the number that can be stacked to the ceiling.

1 ball
X
0.038 n1

=80 balls

Multiply all three figures to find the number of balls that can fit in the room.

100 balls x 100 balls x 80 balls =

A rough estimate: divide the volume of the room by the volume of a ball.

37.r=35cm a. C=2nr=2x (3.5 cm):
A=nrl=n (3.5 cm)2 =
r=4.65cm b. C=2nr=2r(4.65cm) =
A=rnrt=1x (4.65 cm)2 =

ls 1K 1 day 1 year
38. 5% 10 bills x —— x ) —F o YU _[272 years
bl 36005 14K 365 days

Take the $5000. It would take 272 years to count 5 billion $1 bills.

I Ch. 1-4 Holt Physics Solution Manual
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Givens

39.

Solutions

3.786x 107> m’ 4 3
V=l guart x—— ————=9.465x 10" m

v=r’

L=3V=13/9.465%10""m’> = [9.818 x 10> m

40. mass =9.00 x 10 kg
density = 918 kg/m’
r=41.8 cm

area=7m 7'2

mass  9.00x 10~ kg
density 918 kg/m®

. volume  9.80 x 10710 m? s
diameter = = >—=|1.79%X 10" m
7(0.418 m)

area

volume = =9.80x 10710 m?

41. 1 cubit=0.50 m

V=300 cubits X 50 cubits
% 30 cubits

Vark = (300 cubits) (50 cubits)(30 cubits)(

Estimate the average size of a house to be 2000 ft* and 10 ft tall.

0.50 m)3

cubit

1 3
Viouse= (2000 ft*)(10 ft)( m )

3.281 ft
2 3
Viouse= 6% 10" m

4 3
Vark =6><10 m :
Viouse 6% 10°m?

42. d=1.0x10°m
/=10m

number of micrometeorites per side:

1 micrometeorite

— = 1.0 x 10° micrometeorites
1.0x10 "o

1.0 m;r X

number of micrometeorites needed to cover the moon to a depth of 1.0 m:
(1.0x 10° rnicrometeorites)3 = 1.0 x 10'® micrometeorites

ls o 1K de,ayx lyear
1 micrometeorite 36005 24k 365 days

1.0 x 10'® micrometeorites x

3.2x10" years

Note that a rougher estimate can be made by dividing the volume of the 1.0 m’ box
by the volume of a micrometeorite.

43. V=10cm’
m=1.0x10"kg

1.0x 107 kg lem® 3
X x 1.0 =|1.0x 10° k
e x0T

Section One—Student Edition Solutions 1 Ch. 1-5



Givens Solutions

44. density = p = 1.0 x 10° kg/m’ 4 5 4 (10x10°m 3 o 3
a. V=-nr’=-g|—— | =52%x10"m
diameter = 1.0 pm 3 2
m=pV=(1.0x10° kg/m®)(5.2x 107" m*)(0.9) = | 5 x 10 ® kg
/=4.0 mm 2.0x107° m\*
b. V=/rr=(4.0%10"m) (7) [ ) —13% 1078 m?
diameter = 2r=2.0 mm

density =p = 1.0 x 10° kg/m’ m=pV=(1.0x 10’ kg/m’)(1.3 x 1078 m?)(0.9) =

45. r=6.03x10"m a. V= 27”3
m=>5.68 x 102 kg density = m_ 3m3
V. Arxr
_[(3)(5.68x10%°kg)|(10° g\[ 1m |3
density = —3 5
|47(6.03x 10" m)’ || kg /|10 em

density = | 0.618 g/cm’

b. surfacearea=47r’= 47(6.03 X 107 m)

surface area = | 4.57 x 10'° m?

2

The Science of Physics, Standardized Test Prep

5. 11y=9500 000 000 000 km
=9.5% 10" km

03 m
=[95%10"m
m

1
9.5% 10'% km x
1k

I Ch. 1-6 Holt Physics Solution Manual
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Student Edition Solutions

Motion In
One Dimension

Motion In One Dimension, Practice A

Givens Solutions

1. Vayg=0.98 m/s east Ax= ua,/gAtz (0.98 m/s)(34 min)(60 s/min)

At =34 min Ax=2.0%10°m =

1h
2. At=15min Ax=v,,,At=(12.5 km/h)(15 min)( - )
60 min
Vayg=12.5 km/h south Ax=
3. At=9.5 min Ax =14, At= (1.2 m/s) (9.5 min)(60 s/min)

Vayg= 1.2 m/s north Ax= 680 m north
4. v,,=48.0 km/h east Ax 144 km
At:—ziz 3.00 h
ok

Ax =144 km east

5. 1= 56.0 km/h east Ax 144 km

At=—=————=2.57h
Vayg  56.0 kmn/h
Ax= 144 km east time saved =3.00 h —2.57 h={0.43 h = 25.8 min
= Ax Ax
6. Ax; =280 km south a. Aty = At + Aty + At3=— 4 Aty + ——
Vavg,1 = 88 km/h south Varg1 Varg3
p 280 k
At,=24 min Aty = oV km + (24 min) 1h N 210 km
88 km/h 60 min/ \75km/h

Va,,g,2=0km/h

=3. . 8h=|64h=6h24 mi
N Mty=32h+0.40h+28h
AxXpo B Ax;+ Axy;+ Ax;
Aty Atj+ Aty + At

Vayg,3= 75 km/h south b. Vg 10 =

h
Ax,= Vayg,2 At,= (0 km/h)(24 min) ( ) =0km

60 min

280 km+0km+210km 490 km
Vayg, tot = 6.4h = cah = | 77 km/h south

Motion In One Dimension, Section 1 Review

1. v=3.5mm/s Ax=8.4cm Ax 8.4 cm

v 0.35cm/s

At=—= =16
v 1.5 m/s

2.v=15 Ax=9.3 A 9.3
v m/s X m X m

Section One—Student Edition Solutions 1 Ch. 2-1



Givens Solutions

3. Ax;=50.0 th A 50.0
& o a Vg1 = a2 T _ [2.50 m/s south
A 200

At;=20.0

Ax,=50.0 m north Ax, 50.0m

b. v =—== ={2.27 m/s north
At,=22.0s W&2T AL, 2205

Axyor = Ax;+ Axy = (=50.0 m) + (50.0 m) = 0.0 m

Aty =At;+ A, =20.05+22.05=42.0s

Ax;;  0.0m
Vo= =——=|0.0m/s

4. v;=0.90m/s Ax 780 m
a. Atj=—=——=870s
v,=1.90 m/s vy 0.90 m/s
Ax = 780 At Ax 780 m 410
= == = S
* m 2 v, 1.90m/s

At;— At,=870's— 410 s =

Atl - Atz = b _
(5.50 min)(60 s/min) = - Axp=v,AL
3.30 X 10% s Axy= 1AL

Ax;=Ax,

viAt; = v,AL

vi[Aty+ (3.30 X 102 5)] = 1,AL,
VAL +13(3.30 X 107 5) = 1,AL

Aty (v)—15) =—11(3.30 X 10 )

—1,(3.30x10%s)  —(0.90 m/s)(3.30 X 10*s)  —(0.90 m/s)(3.30 x 10 s)

At = -
? V-1, 0.90 m/s — 1.90 m/s ~1.00 m/s

At,=3.0x10%s
At;=At,+(3.30 X 10%5) = (3.0 X 10% 5) + (3.30 X 10% 5) =630 s

Ax;=v;At;=(0.90 m/s)(630s) =
Axy=1,Aty = (1.90 m/s)(3.0 x 10% s) =

Motion In One Dimension, Practice B

1. ay=—41m/s’ A A _ v 00m/s-9.0m/s _ —9.0m/s :

2 = 2
;=9.0m/s Qg Aayg —-4.1m/s —4.1m/s
vy =0.0m/s
2. a,,=25 m/s’ Av vg—v;  120m/s—7.0m/s  5.0m/s -
g [ — — —
At_a o B 2.5 m/s* _25m/52_
v;=7.0m/s avg avg : :
vp=12.0m/s
2
. =—1. vr—; - —6.
3. ag=-12m/s Af= Vi 0.0 m/s 6.52m/s _ 6.5 m/s2 _
v;=6.5m/s Aavg —1.2m/s -1.2m/s
vp=0.0 m/s

1 Ch. 2-2 Holt Physics Solution Manual
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Givens
4. v;=-12m/s
vp= —6.5m/s
At=25 min

Solutions

vp—v;  —6.5m/s— (-1.2m/s) —=5.3m/s = >
Appo=—""—= - - = =[-3.5X10"" m/s
S At (25 min)(60 s/min) 1500 s

5. (=4.7x 107 m/s’
At=5.0 min

v;=1.7m/s

a. Av= ag, At= (47X 107> m/s?)(5.0 min) (60 s/min) =
b. vy=Av+v;=14m/s+ 1.7 m/s=

Motion In One Dimension, Practice C

1. v;,=0.0m/
ri e szé(i/ﬁ vpAt = %(0.0 m/s+ 6.6 m/s)(6.5s) =
vf=6.6 m/s
At=6.5s
2. ;=150 m/s Ax=13(v;+ v) At =1(15.0 m/s + 0.0 m/s) (250 s) =
vr=0.0 m/s
At=2.50s
3. v;=21.8m/s Ap= 2Ax _ (2)(99 m) _lo1s
Ax=99 m vitvy  21.8 m/s+0.0 m/s
vr=0.0 m/s
2Ax (2)(3.2%x 10’ m) '
4. vj=6.4m/s vp= v vi= (3.5 min) (60 s/min) —6.4m/s=3.0x10" m/s— 6.4 m/s=
Ax=3.2 km
At=3.5 min

Motion In One Dimension, Practice D

1. v;=6.5m/s vp=v;+aAr=6.5m/s+ (0.92 m/sz)(3.6 s)
a=0.92 m/s* vf=6.5m/s+3.3 m/s=
At=3.6s Ax=1/,-At+%aAt2
Ax=(6.5m/5)(3.6 5) +3(0.92 m/s%)(3.6 5)*
Ax=23m+6.0m=
2. ;=430 m/s vp=v;+ aAt=430 m/s + (3.00 m/s*)(5.00 s)
a=3.00m/s* vp=4.30 m/s +15.0 m/s =
At=5.00s

1
Ax=v;At+ EaAtz

Ax= (430 m/s)(5.00 5) +3(3.00 m/s)(5.00 5)*

Ax=21.5m+37.5m=

Section One—Student Edition Solutions 1 Ch. 2-3



Givens

3. 1;,=0.0m/s

At=50s

a=-1.5m/s>

Solutions
vp=vi+aAt=0m/s+ (-1.5 m/s?)(5.0s) =
Ax=v;At+ %aAtZ =(0m/s)(5.0s) +%(—1.5 m/sz)(S.O 5)2 =-19m

distance traveled =

4. y;=15.0m/s
a=-2.0 m/s>
vp= 10.0 m/s

ve—vi  10.0m/s—15.0m/s —5.0
At=-L = :_205:

a —2.0 m/s*
Ax= Z/iAt+%aAt2
Ax=(15.0m/s)(2.5 5) +5(~2.0 m/s?) (2.5 5)°
Ax=38m+(-6.2m)=32m

distance traveled during braking =

Motion In One Dimension, Practice E

1. v;=0m/s
a=0.500 m/s
Ax=6.32m

vp= Jv? +2aAx

vp=1/(0 m/s)? + (2)(0.500 m/s?)(6.32 m) =/6.32 m%/s? = +2.51 m/s

2. v;=+7.0m/s

a=+0.80 m/s>

a. = \/1/,-2 + 2aAx

vr=+/(7.0 m/s)? + (2)(0.80 m/s>)(245 m)
f

Ax=245m
vp=1/49 m?/s + 390 m/s = /440 m?/s> = £21 m/s
Ax=125m b. vy=1/(7.0 m/s) + (2)(0.80 m/s?)(125 m)
vp= \/49 m?/s% + (2.0 x 102 m%/s?) = \/250 m?/s?
Ax=67 m C. = \/(7.0 m/s)? + (2)(0.80 m/s2)(67 m) = \/49 m?/s% + 110 m?%/s>
Vf=w/160 m%/s>=+13 m/s =
3. v;=0m/s
! 5 a. z/fz\/z/i2+2an:\/(0 m/s)%+ (2)(2.3 m/s?)(55 m)
a=2.3m/s
_ 2,2 _
Ax=55m Z/f—\/250m /s"=x16 m/s
car speed =
v 16m/s
b. At=—=——5=(7.0s
a  2.3m/s? -
4. v;=6.5m/s Ax= 1/f2 - 1/,-2 _ (1.5 m/s)2 - (6.52m/s)2 _ —40 m2/522 _
vf = 1.5m/s 2a (2)(=2.7 m/s*) —5.4m/s
a=-2.7 m/s>

1 Ch. 2-4 Holt Physics Solution Manual
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Givens

5. 7;,=0.0m/s
vp=33 m/s
Ax=240m

Solutions

22 2 2
Ui = v (33 m/s)”— (0.0 m/s) P
= = = -2.3 /
¢ 2Ax (2)(240 m) s

6. a=0.85 m/s’
v;=83 km/h
vp=94 km/h

v;= (83 km/h)(10° m/km)(1 h/3600 s) = 23 m/s

vp= (94 km/h)(10° m/km)(1 h/3600 s) = 26 ms

A 1/f2 - 1/,~2 (26 m/s)2 —-(23 m/s)2
x: =
2a (2)(0.85 m/s°)

_ 680 m%/s* — 530 m?/s”
(2)(0.85 m/s?)

150 m?/s>
X 2
(2)(0.85 m/s”)

distance traveled =

8 m

Motion In One Dimension, Section 2 Review

1. a=+2.60 m/s>

V= vVi 268 m/s—24.6 m/s

At 5
a 2.60 m/s

v;=24.6 m/s 22 m
2m/s
vp=26.8 m/s Af=m=
3./,=0 vi—v: 125 ~0
v; m/s a a= f i_ m/s m/s:
vp=12.5m/s At 2,558
At=25s b. Ax=vAt+35aAt* = (0m/s)(2.5's) +5(5.0 m/s?) (2.5 5)* =

Ax 16m

Motion In One Dimension, Practice F

1. Ay=-239m a. = \/1/,»2 +2aAy= \/(O m/s)2 +(2)(-3.7 m/sz)(—239 m)

v;=0m/s

2 1/)c:w/1.8><103 m?/s> = +42 m/s
a=-3.7m/s
vf—v; —42m/s—0m/s
b. At= = =[11s
a -3.7 m/s’ -

2. Ay=-25.0m a. yr= \/1/,~2 +2aAy= \/(0 m/s)? + (2)(=9.81 m/s?)(—25.0 m)

v;=0m/s 2 v= /490 x 107 m/s = [ 221 ms |

a=-9.81 m/s

ve—v;  — -
b. Ar= Vi 22.1 m/s Om/s:

a —9.81 m/s?
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3. v;,=+8.0m/s a. = \/1/ iz +2alAy= \/(8.0 m/s)? + (2)(=9.81 m/s2)(0 m)

a=-9.81 m/s> I/f:\/64 m’/s> = +8.0 m/s=

Ay=0m b. Ar= Vf—l/i: -8.0 m/s—8.02m/s _ -16.0 m/s2 _[1e3s
a -9.81 m/s —9.81 m/s
2 2 2 2
4. y;=+6.0 m/s Ay= vVt (1.1 m/s)” = (6.0 m/s)
2 2)(=9.81 m/s*
I/f:+1.1 m/s’ “ @) m/s")
2,2 2,2 2,2
a=-9.81 m/s A =1.2m/s —36m°/s _ —35m°/s _[+18m
y 219.6 m/s? ~19.6 m/s>
Motion In One Dimension, Section 3 Review
2. v;,=0m/s Ay =v;At +%aAt2 =(0m/s)(1.55s) +%(—9.81 m/s2)(1.5 5)2

At=15s Ay=0m+(-11m)=-11m

2
a=-9.81m/s . ,
the distance to the water’s surface =

Motion In One Dimension, Chapter Review

7. At=0530h Ax =1 At = (19.0 km/h)(0.530 h) =

Vayg=19.0 km/h east

8. At=2.00h, 9.00 min, 21.0s Ax= VanAl'= (5.436 m/s) [(2.00 h)(3600 s/h) + (9.00 min)(60 s/min) + 21.0 s]
Vayg = 5.436 m/s Ax=(5.436 m/s)(7200 s + 540 s + 21.0 s) = (5.436 m/s)(7760 s)
Ax=4.22%x10"m=14.22x 10" km

9. At=5.00s a. Ax,=
distance between b. Axg=70.0 m+70.0 m=|+140.0 m

poles =70.0 m Axy  70.0m
C. Vgyg A= v = 0% =|+14 m/s
Axg  140m
d. v, :—:—=-+28m/s
“EETA T 5.0

I Ch. 2-6 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens

10. v;=380.0 km/h

At;=30.0 min
v,=105km/h
At,=12.0 min
v3=40.0 km/h
At;=45.0 min
v4=0km/h

At;=15.0 min

Solutions

a. Ax;=v;At;=(80.0 km/h)(30.0 min)(1 h/60 min) = 40.0 km
Ax,=v,At,= (105 km/h)(12.0 min)(1 h/60 min) = 21.0 km
Axz=v3At;=(40.0 km/h)(45.0 min)(1 h/60 min) = 30.0 km
Axy=v4Aty= (0 km/h)(15.0 min)(1 h/60 min) = 0 km

B Axyor _Axg+ Axy+ Axz+ Axy

T Aty At+Ab+ Aty + Aty

B 40.0 km + 21.0 km + 30.0 km + 0 km

- (30.0 min + 12.0 min + 45.0 min + 15.0 min)(1 h/60 min)

91.0 km
v = =153.5 km/h
%8 (102.0 min)(1 h/60 min)

b. Ax); =Ax;+ Axy + Axz+ Axy

Axppr =40.0 km +21.0 km + 30.0 km + 0 km = | 91.0 km

Vayg

Vavg

11.

v4=9.0 km/h east
=+49.0 km/h

X;, o= 6.0 km west of

flagpole =—6.0 km

vg= 8.0 km/h west
=-8.0 km/h

x; p=5.0 km east of
flagpole =+5.0 km

x = distance from flagpole
to point where runners’
paths cross

Axp= vy At=x—X; 4

Axp=vpAt=x—x; g

Axp—Axpg= (x—x; 4) — (x—x; p) =X p—X; A

Axy— Axp = vy At—vgAt= (v4 — vp) At

xjp—% o _ 50km—(-6.0km) 11.0 km

va—vg  9.0km/h—(-8.0km/h)  17.0 km/h

At =

At=0.647 h
Axy =vpAt= (9.0 km/h)(0.647 h) = 5.8 km
Axg=vpAt=(-8.0 km/h)(0.647 h) =—5.2 km

for runner A, x=Axy + x; 4= 5.8 km + (6.0 km) =—0.2 km

x= | 0.2 km west of the flagpole |

for runner B, x=Axg+ x; p=—5.2 km + (5.0 km) =-0.2 km

x= | 0.2 km west of the flagpole |
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Av. vf—v; 8.0m/s—50m/s  3.0m/s
Qg 0.75 m/s> 0.75 m/s>

16. v;=+5.0 m/s At=
2 Aavg
Agyg=+0.75m/s

vp=+8.0 m/s At =

17. ForO0sto5.0s: For0sto5.0s,
v;=—6.8 m/s vf—vi —6.8m/s—(—6.8 m/s) 3
I — = =10.0m/s
S wy= -
f_ .0 Mm/s
At=5.0s
For5.0sto 15.0 s: For 5.0sto 15.0 s,
v;=—6.8 m/s vF—vi 6.8m/s—(-6.8m/s) 13.6m/s 5
a = = = =[+1.36 m/s
f_ .0 Mm/s
At=10.0s
For 0 st020.0s: For 0 st020.0s,
i=—6.8 vF—=v; 6.8m/s—(—6.8 m/s 13.6 m/s
vi m/s Agug= fA -= ( ) o= (0680 m/s?
vf=+6.8m/s t 20.0s v
At=20.0s
18. v;=75.0 km/h =21.0 m/s Ax :%(vi + 1/f) At= %(21.0 m/s+0m/s)(21.0s) =%(21.0 m/s)(21 s)
szokm/h:Om/s Ax=
At=21s
19. v;=0m/s Ax :% (v;+ I/f) At:%(O m/s+ 18 m/s)(12s) =
vp= 18 m/s
At=12s

20. v;=+7.0 m/s vp=v;+aAr=7.0m/s + (0.80 m/sz)(2.0 s)=7.0m/s+ 1.6 m/s=

a=+0.80 m/s>

At=2.0s
21. 1= 0m/s a. vy=v;+ aAt=0m/s + (-3.00 m/s)(5.0s) =
_ 2
a=-3.00m/s b. Ax= At +2aAt> = (0 m/s)(5.05) + 5(=3.00 m/s>)(5.0 )% =
At=50s
22, y;=0m/s For the first time interval,
At;=50s vr=vi+aAt;=0m/s+ (1.5 m/s%)(5.0 s) =+7.5 m/s
a;=+1.5 m/s’ Ax;=v;At; +% aj At12 =(0m/s)(5.0s) +% (1.5 m/sZ)(S.O s)2 =+19m
At,=3.0s For the second time interval,
a,=-2.0 m/s’ v;=+7.5m/s

vp=v;+ aAty=7.5 m/s + (~2.0 m/s>)(3.05) = 7.5 m/s — 6.0 m/s =

Axy=vAL+5 ayAty= (7.5m/s)(3.05) +5 (2.0 m/s))(3.05)* =22 m - 9.0 m=+13m
Axp;=Ax;+Ax,=19m+ 13 m=

1 Ch. 2-8 Holt Physics Solution Manual
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23. a=1.40 m/s’ el v (7.00m/s) (0 ;n/s)z _ 490 m2/522 _
v;=0m/s 2a (2)(1.40 m/s%) 2.80 m/s
vf= 7.00 m/s
24. 1;=0m/s a. vp=+Jv} +2aAx=1/(0 m/s)* +(2)(0.21 m/s>)(280 m) = /120 m*/s” =11 m/s
a=0.21m/s* vp=11m/s
Ax=280 m 11 m/s — 0 m/
vf — v; m/s —0 m/s
b. At= = =525
a 0.21 m/s’
25, 1;=+1.20m/s vp= Jv? +2aAx=1/(1.20 m/s)? + (2)(=0.31 m/s*)(0.75 m)
2
a=-0.31m/s vp= \/1.44 m?/s> — 0.46 m%/s> = \/0.98 m?/s> =+0.99 m/s = | +0.99 m/s
Ax=+0.75m
30. v;=0m/s When v;=0 m/s,
Ay=-80.0
y=-8 mz 1/2=2aAy v=1/2aAy
=-9.381
a m/s v=1/(2)(=9.81 m/s>)(=80.0 m)
v=14/1570 m?/s?
v=1|-39.6 m/s
31. v;=0m/s When v; =0 m/s,
=-9.81 m/s’ 2A [2)(=76.0
a=-9.81 m/s Ase [2Y_ (2)( r121)=
A)/: —76.0 m a —9.81 m/s
32. 1/1"1:"1‘25 m/s A)’IZJ’_)’i,IZVi,IAt"' %aAtz
vi, 2= 0m/s Ayr=y-y; 2= s At +3aA87
_ 2
a=-9.81 m/s Ay =Ayy ==y )= =i =Vi2— Vi1
yi1=0m Ay — Ay, = (v, 1At+%aAt2) —(v; JAt+ %aAtz) =(v; 1 —v; ) At
Yi2=1>m Ay = Ayr=yi 2=y 1= Wi 1= vj )AL

Copyright © by Holt, Rinehart and Winston. All rights reserved.

y = distance from ground R 15m-0m 15m
to point where both balls At= Yiz7 Vil _ = =10.60s
are at the same height v,1=v¥,2 25m/s—Om/s 25mis

33. v, =27 800 km/h circumference = 277(7,44, + AX)

Are circumference _ 27(6380 km + 320.0 km) _ 27(6.70 % 10° km) _
Ax=1320.0 km Vaug 27 800 kmib 27800 ki

Toarth = 6380 km
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34.

Solutions

a. For Ay=0.20 m = maximum height of ball, At=

b. For Ay=0.10 m = one-half maximum height of ball,

At= | 0.06 s as ball goes up |

At= | 0.34 s as ball comes down |

c. Estimating v from r=0.04 s to t=0.06s:

Ax 0.10m-0.07m 0.03m

v=—-= = =[+2m/s
At 0.06s-0.04s 0.02s

Estimating v from t=0.09 s to t=0.11s:
Ax 0.15m-0.13m 0.02m
At 0.11s-0.09s 0.02s

Estimating v from t=0.14 s to t=0.16 s
Ax 019m-0.18m 0.0lm

y=—= = =+ 0.5m/s
At 0.165-0.14s 0.02s

Estimating v from t=0.19 s to t=0.21 s:

Ax 020m-0.20m
At 021s5-0.19s

Av 0m/s-2m/s -2m/s 3
d. a=—-= = =|-10m/s
At 0.20s-0s 0.20s

35. AxAB = AXBC = AxCD

AtAB + AtBC + AtCD =
5.00 min

AxAB AxAB 2AXAB

AtA B= = =
VAB,avg (v +0) U
2
. . Axpc
Because the train’s velocity is constant from Bto C, Atgc= .
VB
AxCD AXCD ZAXCD
Atcp= = =
VCD,a:/g (0 + Z/B) v
2

Because Ax,p = Axge = Axcp, T =Atgc = ,or

2
AtAB = AtCD = 2Ath.

We also know that At,g + Atgc + Atcp = 5.00 min.

Thus, the time intervals are as follows:

C. AtCD= 2.00 min

1 Ch. 2-10 Holt Physics Solution Manual
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36. Ay=-19.6m

v;;=-14.7m/s

Vi, =+14.7m/s

a=-9.81 m/s>

At=0.800s

Solutions

a. vy =+/v; 2 + 2aAy=+/(-14.7 m/s)? + (2)(=9.81 m/s)(~19.6 m)

v = \/216 m?/s? + 385 m?/s* = \/601 m?/s? = +24.5 m/s =—24.5 m/s

Vg 2=~1; 2 + 2ahy=1/(14.7 m/s)? + (2)(=9.81 m/s?)(~19.6 m)

Vg2 =1/216 m%/s? + 385 m¥/s? = /601 m?/s? =+24.5 m/s =—24.5 m/s

_Vpr— Vi —245m/s—(-14.7m/s)  —9.8 m/s

At = =1.0s
! a —9.81 m/s* —-9.81 m/s?
Vi~V —24.5m/s—14.7m/s —39.2m/s
Aty=-L2 52 LA S =4.00s
a -9.81 m/s —9.81 m/s

difference in time = At,— At;=4.00 s — 1.0 s =

b. Vg = (See a.)
= [z e

c. Ay;=v; At +5aAt* = (~14.7 m/s)(0.800 5) +5(-9.81 m/s?)(0.800 )
Ay;=-11.8 m—-3.14m=-149m
Ay, =v; ,At+3aAt” = (14.7 m/s)(0.800 s) +5(~9.81 m/s%)(0.800 5)*
Ay,=11.8 m—-3.14m=+87m

distance between balls=Ay, — Ay;=8.7m— (-14.9 m) =

37. For the first time interval:
v;=0m/s
a=+29.4 m/s>

At=398s

For the second time interval:

v;=+117 m/s
a=-9.81 m/s*
vp=0 m/s

While the rocket accelerates,
Ay; = v,At+3aAr* = (0 m/s)(3.98 5) +5(29.4 m/s?)(3.98 5)* = +233 m
vp=v;+ aAt=0m/s+(29.4 m/sz)(3.98 s)=+117 m/s

After the rocket runs out of fuel,

v’ =vi’  (0m/s)*— (117 m/s)’

=+698 m
2a (2)(-9.81 m/s?)

Ayy=

total height reached by rocket = Ay; + Ay, =233 m + 698 m =

Section One—Student Edition Solutions
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38. v;=85km/h Ax 16 km
a. Atj=—=——=0.19h

v, =115 km/h v;  85km/h

Ax=16k Ax_ 16km
wolokm Atz=—x=76 =0.14h

v, 115km/h

The faster car arrives At; — At,=0.19 h—0.14 h=[0.05 h | earlier.

At; — At, =15 min b. Ax=Atjv;=Atv,
=0.25h Ax (v, —v7) = Axvy — Axv; = (At v, — (Abvy)vg
Ax (v3—vy) = (At; = Atp)vav;
Vv ):( . h)( (115 km/h)(85 km/h) )

Ax= (At - At2)< (115 km/h) — (85 km/h)

V2=V

Ax= (025 h)( (115 km/h)(85 km/h) ) _

(30 km/h)
39. v;=-13m/s vp=vi+ aAt=-1.3m/s+ (-9.81 m/sz)(2.5 s)
a=-9.81 m/s> vp=-13 m/s —25 m/s=
At=25s

At :%(VH_ vp)At= %(—1-3 m/s —26 m/s)(2.5s)
Axyy = %(—27 m/s)(2.5s) =—34 m
AxXgimper = (-1.3 m/s)(2.55) ==3.2 m

The distance between the kit and the climber is AXj;per — Axkis-

AXfimper — Axgjy =—3.2m — (=34 m) =

40. v;=+0.50 m/s a. yy=v;+aAr=0.50 m/s + (-9.81 m/sz)(Z.S s) =0.50 m/s — 25 m/s
At=25s vp=
a=-9.81 m/s®

b. Axfigh =%(1/i+ vf)Atz %(0.50 m/s —24 m/s)(2.5s)
Axggy =5(-24m/s)(2.55) ==30 m

Axpelican = (0.50 m/s)(2.5s) =+1.2m

The distance between the fish and the pelican is Axygjican — Axfigh-

Axpelican - Axﬁsh =12m-— (—30 m) =

41. v; =56 km/h For the time interval during which the ranger decelerates,
vy=0m/s Apo Ui Omis—(56% 10° m/hz)(l h/3600s)
a -3.0 m/s
a=-3.0 m/s>
Ave = 65m Ax=vAt+3aAt* = (56 x 10° m/h)(1 h/3600 5)(5.2 ) +5(=3.0 m/s?)(5.2 5)
tor =

Ax=81m-41 m=4.0x10'm

maximum reaction distance = Ax;,; — Ax=65 m — (4.0 X 10' m)=25m

maximum reaction distance

maximum reaction time =
Vi

25m
maximum reaction time = =|1.6s
(56 % 10°> m/h)(1 h/3600 s)
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42. y,=30.0 m/s
vip=0m/s

_ 2
a,=2.44 m/s

a. Ax;=Ax,
Ax;=vAt

Because v, =0 m/s,
_1 2
Ax,=5apAt

VAt =%aPAt2

2ve  (2)(30.0 m/s)
At = IR S A 24.6 s
2.44 m/s*

ap

b. Ax, = v, At = (30.0 m/s)(24.6 5) =
or Ax, = %apAt2 = %(2.44 m/sz)(24.6 5)2 =

43. For At;:
v;=0m/s
a=+13.0 m/s’

Z/le/

For At,:

a=0m/s>
v = constant velocity
Axypr=+5.30 X 10° m

Attot = Atl + Atz =90.0s

When v;=0 m/s,

Ax; =%aAt12

Aty =90.0 s — At

Axy=vAt, =v(90.0 s — At)

Axor=Ax; + Axy=3aAt)” +1(90.0 s — At)

v=1vy during the first time interval = aAt

Axyp = %aAtlz + aAt1(90.0 s — At)) = %aAtlz +(90.0 s)aAt; — aAtlz
Axpy = —%aAtlz +(90.0 s)aAt;

%aAtlz —(90.0 s)aAt; + Ax;;=0

Using the quadratic equation,

(90.0's)(a) £ \/ [~(90.0 s)(a)])> - 4(%61)(Axm)

Atl =
o
Z(EQ)
Ap, = (9005)(13.0 m/s) £/[-(90.0 5)(13.0 m/s?)]> —2(13.0 m/s)(5.30  10° m)
! 13.0 m/s>
A, 1170m/s +,/(1.37 x 10° m%/s?) — (1.38 X 10° m?/s?)
=

13.0 m/s?

+/1. ®m%/s2 1170 m/s£ 1110 60
Aty = 1170 m/s 4/1.23 X 10° m“/s _ m/s m/s_ m/s

13.0 m/s” 13.0 m/s> T 13.0m/st

Aty= Aty — At;=90.05— 5=
v=alAt;=(13.0 m/sz)(S s)=
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sz - 1/1'2 (0 m/s)2 — (60 m/s)2

44. Ax; =+5800 m a. Axy = = 5 =+300m
2a (2)(=7.0 m/s”)

a=-7.0m/s’

v; =460 m/s (see 43.) sled’s final position = Ax; + Ax, = 5800 m + 300 m =
vp=0 m/s Ve— U

f—=vi 0m/s—60m/s
b. At= = =(9s
a —7.0 m/s?

vr—v;  —=8.0m/s—10.0 m/s
45. 1;=+10.0 m/s gy = fA = o0 =|-1.5% 10° m/s
t . S

vp=-8.0 m/s
At=0.012's
46. 1;=-10.0 m/s a. vy=+/v] +2aAy = \/(=10.0 m/s) + (2)(=9.81 m/s?)(=50.0 m)
Ay=-50.0
7 o vp=+/1.00 x 102 m¥/s? + 981 m?/s> = /1081 m?/s? = £32.9 m/s =-32.9 m/s
a=-9.81 m/s’
vp—v; =329 m/s— (-10.0m/s)  —22.9m/s
At= = 5 = S ={2.33s
a —9.81 m/s —9.81 m/s
b. vp=|-32.9m/s (See a.)
47. Ay=-50.0m a. vp;=+/v; 2 + 2ahy = /(2.0 m/s)? + (2)(=9.81 m/s?)(~50.0 m)

v; 1 =+2.0m/s
o Vg1 = /4.0 m¥/s? + 981 m?/s> = /985 m?/s> = £31.4 m/s =~31.4 m/s

AtIZAt2+ 1.0s
i~ Vip  —314m/s—2.0m/s —334m/s _

5 = >={3.40s
a -9.81 m/s —-9.81 m/s

a=-9.81 m/s> Aty =

b. Aty =At;—1.0s=3.40s—1.0s=2.4s
I 2
A)/ = I/i,ZA t2 + EﬂAtZ
1
Ay—laar?  —50.0m-3(-981 m/s*)(2.4'5)*

V:h = =
»? Aty 245

=50.0m+28m -22m -
V; 5= = =[-9.2m/s
b2 245 245 EXE
c. vg;=|-31.4m/s (See a.)

Vpp=vj 2+ alty=-9.2m/s + (-9.81 m/s?)(2.4s)

vfp=-9.2m/s—24m/s=
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48. For the first time interval:
v; 1 =+50.0 m/s
a;=+2.00 m/s’

For the second time interval:
vj»=+55.7m/s
vp2=0m/s

a, =-9.81 m/s’

For the trip down:

Ay=-310m
v;=0m/s
a=-9.81 m/s’

Solutions

a. v =+/v; 2+ 2a;Ay; =+/(50.0 m/s)? + (2)(2.00 m/s?)(150 m)

vg1=+/(2.50 X 10° m?/s?) + (6.0 x 10> m?/s?) =4/3.10 x 10’ m%/s?

Vg1 =255.7m/s =+55.7 m/s

Vf,z2 - Vi,zz _ (0 m/s)2 —(55.7 m/s)2
2a, (2)(-9.81 m/s?)
maximum height=Ay; + Ay, =150 m + 158 m =

Ay, = =+158m

b. For the first time interval,
2Ay; (2)(150 m) _((150m)

= = 2.8s
vip+vg  50.0m/s+55.7m/s  105.7 m/s

Atup,] =

For the second time interval,
2Ay, B (2)(158 m)
Vit Vg 557 m/s+0m/s

Aty ror = Aty 1+ Aty =285 +5.67 =

=5.67s

Atup,Z =

2A V(2)(=31
c. Because v; =0 m/s, Aty = /—y=M= 63s2=7.9s
a

-9.81 m/s’

Atyor= Aty sor + Algoryn=8.55+7.9 s =
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49. 4= +59 m/s’ Because both cars are initially at rest,

1 2
a. Ax;=sa;At
a,=+3.6 m/s> 1725

1 2
Ax,=ta,At
At;=At,— 1.0 ¥2=30280

Ax1 = AXZ

1 2_1 2
Eﬂ]Al’l —EﬂzAtz

Cll(AtZ— 1.0 S)z = llZAtzz

ap [Atzz - (20 S)(Atz) +1.0 82] = azAtzz
(a))(A)? = a;(2.0 )AL, + a;(1.0 s2) = a)At,
((11 - az)AtZZ - (11(2.0 S)At2+ a1(1.0 52) =0

Using the quadratic equation,

_(a)(2.05) +/[~a,(2.05)1* — 4(a; — ap)a,(1.0 )
2(a;—ay)

At

a;—a,=59 m/s> - 3.6 m/s* = 2.3 m/s>

(5.9 m/s2)(2.0's) +/[~(5.9 m/s2)(2.0 5)]* — (4)(2.3 m/s>)(5.9 m/s*)(1.0 %)
(2)(2.3 m/s?)

12 m/s /140 m%s® = 54 m*s> _ 12:m/s /90 m?/s’
(2)(2.3 m/s?) (2)(2.3 m/s?)

12 m/s+9 m/s 21 m/s
Aty = = =|4.6s
T @e3misd)  2)23m/is)

At1=At2—1.05=4.6s—1.Os=

b. Ax; =%a1At12 =%(5.9 m/sz)(3.6 5)2 =38m

Atz =

AtZ =

or Ax,= %aZAtZZ = %(3.6 m/s®)(4.65)*> =38 m

distance both cars travel =

c. v;=a;At;=(59 m/sz)(3.6 s)=
vy=aAt,=(3.6 m/sz)(4.6 s)=

L= Ve — v 0m/s—25m/s
50. v;; =+25m/s a. At = K1V LIS
a; —-2.0m/s
v;,=+35m/s
Axy; =Ax;+45m
a;=-2.0 m/s

b. Ax;=5(v;; + v )AL =5(25 m/s + 0 m/s)(13 5) = +163 m
vpp =0m/s

Ax,=Ax;+45m =163 m+45 m=+208 m

2 2 2 2
Vp2 — Vs (0 m/s)” — (35 m/s) 3
a,=—= = =[-2.9m/s
2 2Ax, (2)(208 m)
Vfy—Vj 0 m/s—35m/
. A= 2 Y2 Omis=35mis ]

a, -2.9 m/s?

vf2=0m/s

I Ch. 2-16 Holt Physics Solution Manual
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Givens Solutions

51. Ax;=20.0m At:ﬁ:wo 506
v;=4.00 m/s vy 200 mis
Ax v5(0.50 s) +20.0 m
Axy=15(0.50's) +20.0 m yy= 2 10509 +200m
At At

VoAt =15(0.50 s) +20.0 m
vy(At—0.50 s) =20.0 m

20.0m 20.0m 20.0m
Vy= = = =|4.44m/s
2T At—050s (5.005—0.50s) 450

Motion In One Dimension, Standardized Test Prep

4. At=52h Ax= g At= (73 km/h)(5.2 h) = | 3.8 x 10° km south |

Vayg= 73 km/h south

5. At=3.0s Ax=4.0 m+ (—4.0 m) + (=2.0 m) + 0.0 m =

6. Ax=-2.0 m (see 5.) Ax -2.0m
Vgpog=—= =[-0.67 m/s
i Ty
At=3.0s
8. v;=0mis Ax = v;At +%aAt2
a=33m/s’ 1 2 2
Ax=(0m/s)(7.55) +3(3.3 m/s>)(7.55)> =0m + 93 m=
At=75s

11. At;=10.0 min — 0 min

. Ax;=(24%10°m) - (0% 10° m) =|+2.4%x 10° m
=10.0 min 3
Ax 2.4%10°m
- 100m == [r40 m|
At,=20.0 min — 10.0 min At;  (10.0 min)(60 s/min)

=10.0 min 5 5 5
b. Ax,=(3.9%10°m) - (2.4%x 10" m) =|+1.5X 10° m

At3=30.0 min — 20.0 min

Ax, (1.5% 10° m) -
= i vy=—>-= =|+2.5m/s
10.0-min 27°At,  (10.0 min)(60 s/min) 25 mis|

c. Ax;=(48x10°m) - (3.9x 10> m) =
Axs (9% 10> m) -
vz=—>= =[+2m/s
> Aty (10.0 min)(60 s/min) 2mss |

d. Axp = Ax;+ Axy+ Axz= (2.4 X 107 m) + (1.5 X 10° m) + (9 x 10° m)

Axypr= | +4.8 X 10° m

- Axtotz Ax;+ Ax,+ Axs _ (4.8%10° m)
8 Aty Atj+At,+ Aty (30.0 min)(60 s/min)

Section One—Student Edition Solutions 1 Ch. 2-17



Givens Solutions

13. 4 3.0 m/s a. vr=a;At+v;=(0.50 m/sz)(7.0 s)+3.0m/s=3.5m/s+ 3.0 m/s=|+6.5m/s
f 1 1
(11—+0.50 I’Il/S2 At=7.0s

ve—v; 0m/s—3.0m/s
_ 2 I B _
a; ==0.60 m/s” vy=0m/s b. At= o em -5.0 s

14. v;=16 m/s east=+16 m/s

vp—vi 32m/s—16m/s 16 m/s 2 3
a.a= = = =+1.6 m/s” =| 1.6 m/s” east
At 10.0s 10.0s

vp= 32 m/s east =432 m/s

Ar=100s b. Ax=%(u,-+ vpAt= %(16 m/s+ 32 m/s)(10.0 s) = %(48 m/s)(10.0 s)
Ax=4240 m
Vayg = % = 214(1)00rrsl =+24 m/s =
c. distance traveled = (See b.)
15. v;=+25.0 m/s a. For the trip up,
st

For the trip up: vy =0 m/s Ay=v;At+3aAt* = (25.0 m/s)(2.55'5) +5(-9.81 m/s?)(2.55 5)

Ay=63.8m—-31.9m=+31.9m

For the trip down: v;= 0 m/s b. For the trip down, because v;=0 m/s,

— (- _ 20y [(2)(=33.9
Ay=(-31.9m—-2.0m) Are [P @) nzl) _Jo915 =263 5
a -9.81 m/s

=-339m
total time =2.55s+2.63 s =
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Student Edition Solutions

Two-Dimensional Motion
and Vectors

Two-Dimensional Motion and Vectors, Section 1 Review

Givens Solutions
2. Ax;=85m Students should use graphical techniques. Their answers can be checked using the
techniques presented in Section 2. Answers may vary.
d2 =45m
6, =30.0° Ax, = dy(cos 0,) = (45 m)(cos 30.0°) =39 m
Ay, = d,(sin 6,) = (45 m)(sin 30.0°) =22 m
Axyp;=Ax;+Ax,=85m+39m=124m
Ay =Ay;=22m
d=/(Axo)” + (Ay10)” =/ (124 m)* + (22 m)®
d=1/15400 m*+ 480 m” = /15 900 m>= | 126 m
A 22
f=tan! Ztor) tan”! Zom | (L.0x 101)° above the horizontal
Xtor 124 m
3.1, ;=250% 10% km/h Students should use graphical techniques.
v,=75km/h vy 2= v5(cos B,) = (75 km/h)[cos (-=45°)] = 53 km/h
0,=—45° vy,2=vy(sin 6) = (75 km/h)[sin (—45°)] = =53 km/h

Vytor = Uy, + V2= 2.50 X 10> km/h — 53 km/h = 197 km/h

Uy tor = Vs 2= 53 km/h

V=W 1) + (0, 101)* = /(53 km/h)? +(197 km/h)?
v=1+/2800 km*/h? + 38 800 km?/h? = /41 600 km’/h? = | 204 km/h

204 km/h
0=tan™! Uytot) _ tan”! 7111/ =|75° north of east
53 km/h

Uxtot

250 10° km/h

4a.u,= Students should use graphical techniques.
’ 2
Uydr=Vy1 + Vy,2=125km/h — 53 km/h =72 km/h
=125 km/h
o Uy dr = Vy,2= 53 km/h
s = /(g an)? = v4)* = /(53 km/h)?+ (72 km/h)?
v, ;=53 km/h RV ndr) = Uydr) = " "
»2=

v=1/2800 km?/h? + 5200 km*/h* = /8.0 X 10° km?*/h’ = | 89 km/h

72 km/h
0=tan"! Uydr) _ tan”! —m/ = | 54° north of east
53 km/h

Uxdr,

Section One—Student Edition Solutions 1 Ch. 3-1



Two-Dimensional Motion and Vectors, Practice A

Givens Solutions
1. Axy =8 km east a. d:Ax1+Ax2+Ax3:8km+3km+12km:
Ax;=8km
Ay = 3 ki west = —3km, cast P+ A%tor =A%1 + A%y + Axy =8 km + (-3 km) + 12 km =
AXZ =3 km
Ax3 =12 km east
Ax3=12km
Ay=0km
2. Ax=75m d=yJA% + Ay? =\/(7.5 m)? + (45.0 m)?
Ay=45.0m
7 d =+/56 m? + 2020 m® = /2080 m* = | 45.6 m
Measuring direction with respect to y (north),
A 7.5
6=tan! i tan ! i | 9.5° east of due north |
Ay 45.0 m
3. Ax=6.0m d=+Ax> + Ay = /(6.0 m)> + (14.5 m)?
Ay=14.5m
7 d=4/36 m*+2.10x 10> m*> =/246 m®= | 157 m
Measuring direction with respect to the length of the field (down the field),
A 6.0
0 =tan"![=>| = tan™ i | 22° to the side of downfield |
Ay 14.5m
4. Ax=12m d =A%+ Ay? =\/(1.2 m)? + (—1.4 m)?
Ay=-1.4m 3 3 3
d=y14m*+20m*=1/3.4m’=[1.8m
A -1.4
0 =tan" || = tan™! LLL —49° = | 49° below the horizontal
Ax 1.2m

Two-Dimensional Motion and Vectors, Practice B

1. v=105km/h vy =v(cos ) = (105 km/h)(cos 25°) = | 95 km/h

6=25°
2. =105 km/h vy=v(sin 6) = (105 km/h)(sin 25°) =
6=25°

3. v=22m/s vy =v(cos ) = (22 m/s)(cos 15°) =
0=15° v, = v(sin 0) = (22 m/s)(sin 15°) =

4. d=5m Ax=d(cos 6) = (5 m)(cos 90°) =
60=90° Ay=d(sin 6) = (5 m)(sin 90°) =

I Ch. 3-2 Holt Physics Solution Manual
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Two-Dimensional Motion and Vectors, Practice C

Givens Solutions
1. d4;=35m Ax;=dj(cos ;) = (35 m)(cos 0.0°) =35m
6;=0.0° Ay;=d;(sin ;) = (35 m)(sin 0.0°) =0.0 m
d,=15m Ax, = dy(cos 6,) = (15 m)(cos 25°) =14 m
6, =25° Ay, =dy(sin 6,) = (15 m)(sin 25°) =6.3 m
Axppr=Ax;+Axy;=35m+14m=49m
Ayior=Ay;+Ay,=00m+63m=63m
dior =/ (Axir)? + (Ao =1/ (49 m)? + (6.3 m)?
dyor = /2400 m> + 40 m® = /2400 m> = | 49 m
A 6.3
By = tan ! Ztot) _ 222 = | 7.3° to the right of downfield
Xtot 49 m
2.d;=25km Ax;=dj(cos ;) = (2.5 km)(cos 35°) =2.0 km
6;=35° Ay;=d,(sin 6;) = (2.5 km)(sin 35°) = 1.4 km
d,=5.2km Ax,=dy(cos 6,) = (5.2 km)(cos 22°) = 4.8 km
6,=22° Ay, = dy(sin 6,) = (5.2 km)(sin 22°) = 1.9 km
Axppp = Ax;+ Axy =2.0 km + 4.8 km = 6.8 km
Ayior=Ay;+ Ay, =1.4km+ 1.9 km=3.3 km
dior= (D10 + (A710)” = /(6.8 km)? + (3.3 km)?
dyor = /46 km? +11 km? = /57 km? = | 7.5 km
A 33k
Bypr=tan"! ot _ gt 22 :| 26° above the horizontal
Xpot 6.8 km
3.4,=80m Measuring direction with respect to x = (east),
6,=90.0° Ax;=d;(cos 8;) = (8.0 m)(cos 90.0°) =0.0 m
d,=35m Ay;=d;(sin 6;) = (8.0 m)(sin 90.0°) =8.0 m
6,="55° Axy = dy(cos 6,) = (3.5 m)(cos 55°) =2.0 m
d;=5.0m Ay, =dy(sin 6,) = (3.5 m)(sin 55°) =2.9 m
0;=10.0° Axz = ds3(cos 63) = (5.0 m)(cos 0.0°) =5.0 m

Ays=dj(sin 63) = (5.0 m)(sin 0.0°) =0.0 m
Axypr=Ax;+ Ax,+ Ax3=0.0m+2.0m+50m=7.0m

Ay =Ay; + Ay, + Ay3=8.0m+29m+00m=109m

Aror= \/(Axtot)z + (Aytot)z = \/(7.0 m)2 +(10.9 m)2
dyr=+/49 m> + 119 m> = /168 m>= | 13.0 m
A 10.9
Oror= tan”" Sot) tan”! =)=
A 7.0 m

Xrot,
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Givens So
4. d] =75km

01 =-30.0° A.XI

dz =155 km A)/I

92 =60.0° AXZ

Ay, =

lutions

Measuring direction with respect to y (north),

d;(sin 6;) = (75 km)(sin —30.0°) = —-38 km
d;(cos 6;) = (75 km)(cos —30.0°) = 65 km
dy(sin 6,) = (155 km)(sin 60.0°) = 134 km
dy(cos 6,) = (155 km)(cos 60.0°) = 77.5 km

Axpor=Ax;+ Ax,=—-38 km + 134 km = 96 km

Ayior=Ay;+ Ay, =65km + 77.5 km = 142 km

dyor=

dtut

6=

V(Ax,0)% + (Ayo)® = /(96 km)? + (142 km)? = /9200 km? + 20 200 km?

=1/29 400 km? = | 171 km

_1[Ax _1[ 96 km
tan ' | =2 = tan™! = 34° east of north
Ayior 142 km

Two-Dimensional Motion and Vectors, Section 2 Review

2. v,=3.0m/s a.v= \/sz + I/yz = \/(3.0 rn/s)2 =(5.0 rn/s)2
vy=>5.0m/s v=1/9.0 m%/s? + 25 m%/s> = /34 m?/s’ = | 5.8 m/s
- _1/5.0m/
6=tan"'[Z|= tan™! e :| 59° downriver from its intended path
Uy .0m/s
v,=1.0m/s b. 1/=\/1/x2+1/),2=\/(1.0 m/s)2+(6.0 m/s)2
=6.0
Yy m/s 1/=\/1.0 m?/s’ + 36 m2/52:\/37 m?%/s>=| 6.1 m/s
1 _1/1.0m/s . . .
f=tan |—=|=tan |——|= | 9.5° from the direction the wave is traveling
vy 6.0 m/s
3. d=10.0km a. Ax = d(cos 8) = (10.0 km)(cos 45.0°) =
6 =45.0°
Ay =d(sin €) =(10.0 km)(sin 45.0°) = | 7.07 km
_ 2
a=2.0m/s b. a,=a(cos 6) =(2.0 m/sz)(cos 35°) =
6=35°

a,= a(sin 8) = (2.0 m/s)(sin 35°) =

Two-Dimensional Motion and Vectors, Practice D

1. Ay=—0.70 m

At= /2Ay Ax
Ax=0.25m
| a, / -9.81 m/
=—¢=-9.81 m/s m/s” (0 25m)=| 0.66 m/s
2A 2)(-0.70 m
2. Ay=—-1.0m At= IZAy Ax
Ax=22m

a,=-g=-9.81 m/s

I Ch. 3-4

-9.81 m/s
(2.2m 4.9 m/s
2A (2)(=1.0m)
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Givens Solutions
3. Ay=-54m e /ZAy_Ax
Ax=8.0m a,  vx
e 2 [a [ —9.81 m/s?
ay=-g=-9.81 m/s ve= L Ax= [———(8.0m)=| 7.6 m/s
* N2Ay (2)(=5.4 m) ( )
4. v,=7.6m/s Af= /ﬂzﬁ
Ay=-2.7m Y U=
2Ay (2)(=2.7m)
——g=— 2 Ax= |—~v,= ———(7.6m/s)=| 5.6m
a,=-g¢=-9.81m/s 0, x 2981 m/s> ( )

Two-Dimensional Motion and Vectors, Practice E

1. Ax=4.0m Ax = v;(cos O)At
6=15° Ax 4.0m
At= = =0.83s
v;=5.0m/s vi(cos @) (5.0 m/s)(cos 15°)
AV o ==2.5m Ay =v,(sin 9)At+%a),At2 = (5.0 m/s)(sin 15°)(0.83 s) +%(—9.81 m/sz)(0.83 5)2
o 2
ay=-g=-9.81 m/s Ayzl.lm—3.4m=
2. Ax=301.5m At AY e vyp =0 m/s, At = Atpeqy
0 =25.0° Uy =V sin 6 + a, Atpeak=0
—v;sin 6
Atpeak: —
ay
—2v; sin 6
A ATy Aty =2 Aty= ————
4
—2v;sin@\ -2 viz sin 6@ cos 6
Axyax = Vi c0s 0 Aty = v;cos 0 =
a a
Y Y
g T AXmax
! 2 sin 6@ cos 6
Vﬁ),z =v; 2 (sin 0)*= —2a,AY a5 = 0 at peak
2, . 2 : 2
v (sin 6) —a,Ax (sin ) 1
A = = y__max =—AX,,,, tan 6
Vmax —2a, (2 sin Bcos 6 —2a, g
1
I oy _
AYmax =7 (301.5 m) (tan 25.0°) =
_ A A 42.0
3. Ax=420m Ar= X "9 — m o= 20
9= 25° v, v;(cosB) (23.0m/s)(cos 25°)
v;=23.0 m/s At maximum height, V= 0 m/s.

a,=—-g=-9.81 m/s*

2 2
Vyf =V + ZuyAymax: 0

2 20 o2 2 0\2
Vy,i v; (sin 6) (23.0 m/s)“(sin 25°) -
- =— =|4.8m

A = — =
Vmax 2a, 2a, (2)(=9.81 m/s?)

Section One—Student Edition Solutions
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Givens Solutions

4. Ax=2.00m Ax=wv(cos B)At

Ay=0.55m Ax

At=———
0=32.0° v;(cos 6)
2 A
ay=—8= —9.81 m/s Ay=v;(sin O)At+ %a},Atz =v,(sin 6) o + %ay
v;(cos 6)
4, A

21/i2(cos 9)2

Ax(tan 6) — Ay = _—a&

21/i2(cos 9)2

21/i2(cos )% = __’ZMCZL

Ax(tan 6) — Ay
‘_ / —a},sz
M= \/ 2(cos O)Z[Ax(tan 0) — Ayl

Ax 2
vi(cos 6)

Ay = Ax(tan 6) +

] (9.81 m/s>)(2.00 m)?
M= \/ (2)(cos 32.0")2[(2.00 m)(tan 32.0°) — 0.55 m]

[ esimsHEoom? [ (981m/s)(2.00m)?
T\ (2)(cos 32.09%(1.25-055m) _ \ (2)(cos 32.0°%(0.70 m) _

Two-Dimensional Motion and Vectors, Section 3 Review

1
2

v,=90.0 m/s 2A -
y (@125 m)
At=—-= |—=-=|5.05s
a,=-g=-9.81 m/s’ a, —9.81 m/s
Ax = v, At=(90.0 m/s)(5.05 s) =

2. Ay=-125m Ay= ayAt2

3. v,=30.0m/s a. Ay:%ayAtz

Ay=-200.0 m A= 2N
a,=—-g=-9.81 m/s? Y . 32000
2Ay /(2)(=200.0 m
Ax=v,At=v, [—=(30.0m/s) J————=|192m
x * a, ( ) —9.81 m/s’

v, =30.0 m/s b. v,=1/v, +2a,Ay=+/(0 m/s)> + (2)(=9.81 m/s?)(~200.0 m) = £62.6 m/s =—62.6 m/s
Ay=-200.0 m Vi =1 + 1,7 =/(30.0 m/s)? + (=62.6 m/s)? = /9.00 x 10* m¥/s” + 3.92 x 107 m/s”
a,=-g=-9.81 m/s?

Ar=192 m Vior = /4820 m?/s? = | 69.4 m/s

—62.6
0=tan™! Y- tan”! 7m/s =—64.4°
Uy 30.0 m/s

0= | 64.4° below the horizontal |

I Ch. 3-6 Holt Physics Solution Manual
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Two-Dimensional Motion and Vectors, Practice F

Givens

1. Ve =+15m/s

Vpe =—15m/s

Solutions

Vpe = Vpt T Vie = —15 m/s + 15 m/s =

2. v, =+18.0 m/s

Vea =—3.5m/s

Vsw = Vsa T Vaw =—3.5m/s + 18.0 m/s

Vew = | 14.5 m/s in the direction that the aircraft carrier is moving

3. vgw =2.5m/s north

Vye = 3.0 m/s east

Vfe = Viw T Vwe

Vior = \/Z/fwz T U = \/(2.5 m/s)? + (3.0 m/s)?
Vit = \/6.2 m?/s® +9.0 m?%/s? = \/15.2 m?/s?=|3.90 m/s

(Y 2.5 m/
0 =tan"! w =tan s =|(4.0><101)° northofeast|
3.0 m/s

VWE

4. v, =25.0 m/s north

Vgt = 1.75 m/s at 35.0° east
of north

Var = Vdt + Vir

Uy tor = Vy,dr = (1.75 m/s)(sin 35.0°) = 1.00 m/s
vy, dr = (1.75 m/s)(cos 35.0°) = 1.43 m/s

Uy tor = Vyr+ Uy gy = 25.0 m/s + 1.43 m/s = 26.4 m/s

Vit = \/(UXJ,,t)2 + (1/},,m,)2 = \/(1.00 m/s)? + (26.4 m/s)?

Vsor = +/1.00 m2/s2 + 697 m2/s2 = 1698 m?/s? = |26.4 m/s

|V _1/1.00 m/s
0 =tan" [0 = fan~H——| = | 2.17° east ofnorth|
Vy, tot 26.4 m/s

Two-Dimensional Motion and Vectors, Section 4 Review

1. vyg=—9m/s

Vbg = 1m/s

Vbw = Vbg T Vgw = Vbg — Vwg = (1 m/s) — (-9 m/s) = 1 m/s + 9 m/s

Vow= | 10 m/s in the opposite directi0n|

2. Vi =0.15 m/s north

Vye = 1.50 m/s east

Vbe = Vbw T Vwe

Viot = A/ Vpw + Vs =/(0.15 m/s)? + (1.50 m/s)?

Vior =/0.022 m%/s> + 2.25 m%/s> = 4/2.27 m?/s? = | 1.51 m/s
- 1 {0.15m/
0=tan"! Vew =tan"! oM 5.7° north of east
1.50 m/s

Z/We
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Two-Dimensional Motion and Vectors, Chapter Review

Givens

6. A=3.00 units (u)
B =-4.00 units (u)

Solutions

Students should use graphical techniques.

a. A+ B=+/A>+ B> =1/(3.00 u)? + (—4.00 u)?
A+ B=1/9.00 u> +16.0 u? =1/25.0 u> = | 5.00 units

B _\[~4.00u — ;
—|=tan = | 53.1° below the positive x-axis
A 3.00u

f=tan"!

b. A—B=+/A2+ (-B)? =1/(3.00 u)? + (4.00 u)?
A—B=1/9.00 u? + 16.0 u> = 1/25.0 u? = | 5.00 units

_1(-B _1/4.00 u
6=tan|—|=tan! = | 53.1° above the positive x-axis |
A 3.00u

c. A+2B=1/A%+ (2B)* =4/(3.00 u)? + (-8.00 u)?
A+2B=1/9.00 >+ 64.0 u> =/73.0 u® = | 8.54 units

_1[2B _1/—8.00 . .
6=tan'|—=|=tan"! %= | 69.4° below the positive x-axis |
A 3.00u

d. B— A=1/B?+ (-A)? = /(=4.00 u)? + (-3.00 u)? = | 5.00 units

1 B _1(—4.00u . .
6 =tan![—|=tan™ =53.1° below the negative x-axis
A -3.00 u

or | 127° clockwise from the positive x-axis |

7. A=3.00m
B=3.00m
6=30.0°

Students should use graphical techniques.
A, =A(cos ) =(3.00 m)(cos 30.0°) =2.60 m
A= A(sin 0) = (3.00 m)(sin 30.0°) = 1.50 m

a. A+ B=/A2+ (A, + B)> =/(2.60 m)? + (4.50 m)?

A+ B=1/6.76 m? +20.2 m*>=/27.0 m> =

Ay+ B 4.50
f=tan"'[L—|=tan™" m
2.60 m

X

) = | 60.0° above the positive x-axis

b. A-B=+/A2 +(A,~ B)?=/(2.60 m)> + (~1.50 m)?
A-B=4/6.76 m? +2.25 m? =1/9.01 m*>={3.00 m

_1/Ay—B _1/~1.50 m . .
6 =tan 1( }:4 ) =tan I(W) = | 30.0° below the positive x-axis
.60 m

X
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Solutions

. B—A=/(B- A+ (=A)*=1/(1.50 m)? + (~2.60 m)?

_(B-A 1/ 1.50m . .
6=tan"! | = tan™! =30.0° above the negative x-axis
—A, —2.60m

or | 150° counterclockwise from the positive x-axis |

d. A-2B=1/A2+(A,~2B)?=4/(2.60 m)? + (~4.50 m)? = [5.20 m

A,—2B
0= tan_l( 2
A

X

2.60 m

_1/—4.50 m . .
=tan 1(—) = | 60.0° below the positive x-axis |

8. Ay;=-3.50m
d,=8.20m
6, =30.0°
Ax3=-15.0m

Students should use graphical techniques.

Ax, = dy(cos 6,) = (8.20 m)(cos 30.0°) =7.10 m
Ay, = dy(sin 0,) = (8.20 m)(sin 30.0°) =4.10 m
Axppp=Axy+Ax3=7.10m—-15.0m=-7.9m
Ay =Ay;+ Ay, =-3.50 m +4.10 m = 0.60 m

d=/(Axp)* + (Aysor)> = +/(=7.9 m)? + (0.60 m)?
d=+/62m>+0.36 m? =,/62m’=|7.9m
A 0.60
0 =tan"! Dot _ tan~! M 4.3° north of west
A 7.9

Xtot —/.7m

9. Ax=-8.00m
Ay=13.0m

Students should use graphical techniques.

d=+/A¥ + Ay* = /(-8.00 m)> + (13.0 m)?

d=1/64.0 m>+169 m>=4/233m?>= {153 m

A 13.0
0= tan_l(A—y) = tan_1<7m) = | 58.4° south of east |

X —8.00 m

21. Ax; =3 blocks west
=—3 blocks east

Ay = 4 blocks north
Ax, = 6 blocks east

a. Ax;,;=Ax; + Ax,=-3 blocks + 6 blocks = 3 blocks
Ayor= Ay =4 blocks

d=1/(Axp)” + (Ayyor)* = /(3 blocks)? + (4 blocks)?
d=1/9 blocks’ + 16 blocks® = 4/25 blocks® = | 5 blocks
A 4 block
A 3 blocks

KXot

b. distance traveled = 3 blocks + 4 blocks + 6 blocks =
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22. Ay; =-10.0 yards Ayor=Ay; + Ay, =-10.0 yards + 50.0 yards = 40.0 yards
Ax=15.0 yards Ax;pp= Ax=15.0 yards
Ay,=50.0 yards d= \/(Axmt)2 + (Aym)2 = \/(15.0 yards)2 +(40.0 yards)2
d= \/225 yards” + 1.60 X 10° yards® = \/1820 yards” = | 42.7 yards
23. Ay;=-40.0m Case 1: Ay, ), =Ay; + Ay, =—40.0 m — 20.0 m =-60.0 m
Ax==%15.0m Axpr=Ax=+15.0m
Ay,=+420.0m d=/(Ayin) + (Axpo)? =/(=60.0 m)* + (15.0 m)?

d=1/3.60x 10> m*> + 225 m*>= /3820 m*= | 61.8 m

_1[A _1/—60.0
O=tan"! Ziot) _ tan~! M _ | 76.0° south of east |
Xtot 15.0 m

Case 2: Ay, =Ay; + Ay, = —40.0 m + 20.0 m =-20.0 m
Axpp=Ax=+15.0m

d= \/(Aytot)z +)Axygr)” = \/(—20.0 m)? + (15.0 m)?

d=1/4.00x 10> m*+ 225 m*= /625 m’ = | 25.0 m

(A _1/—20.0 m
A =tan 1<LM> =tan 1(7) = | 53.1° south of east |
tot

15.0 m

Case 3: Ay, = Ay; + Ay, =—40.0 m — 20.0 m = —60.0 m
Axypr=Ax=-15.0m

d=/(Ayso)? + (Axso0)* = 1/(=60.0 m)* + (=15.0 m)?

A
0= tanl(ﬂ) =tan

—15.0 m

_1/—60.0 m
! = | 76.0° south of west |
Xtot

Case 4: Ay, =Ay; + Ay, =—40.0 m +20.0 m =-20.0 m
Axypr=Ax=-15.0m

Ad=/(Ayin)® + (Axyo0)? =/(=20.0 m)? + (~15.0 m)?

A _1/—20.0
0=tan"! Dtot) _ tan”! i | 53.1° south of west
Axyor —15.0 m

24. d=1100m Ax=d(cos 6) = (110.0 m)[cos(~10.0°)] =
A=-10.0°
00 Ax=d(sin 6) = (110.0 m)[sin(~10.0°)] =

25, 9=125.0° Ax= d(cos 6) = (3.10 km)(cos 25.0°) =
d=3.10km Ay=d(sin 6) = (3.10 km)(sin 25.0°) =
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26. d;=100.0m Axyor=d;— dzcos 6;— dycos 6,
d>,=300.0 m Axyp;=100.0 m — (150.0 m)(cos 30.0°) — (200.0 m)(cos 60.0°)
d;=150.0 m Ax,p;=100.0 m — 1.30 X 10> m — 1.00 X 10* m = -1.30 X 10 m
dy=200.0 m Ayor=—dy— dzsin 07+ dysin 6,
6, =30.0° AYjor =—300.0 m — (150.0 m)(sin 30.0°) + (200.0 m)(sin 60.0°)
6,=60.0° Ayy ==300.0m—75.0m+173 m=-202 m

d=/(Ax0)” + (Ayier)> =4/(1.30 x 10% m)? + (202 m)?

d=1/16 900 m* + 40 800 m” = /57700 m” = | 2.40 X 10> m

A —-202 m
0= tan_l(ﬂ) = tan_l(7> = | 57.2° south of west |

Xior -1.30 % 10° m
Ax
31. Ay=-0.809 m At=—
Uy )
- A
Ax=18.3m Ay:%aymz:%ay(—x)
a,=-g=-9.81 m/s* Vx
a -9.81 m/s’
- [ — -~ =
U= Ax= (18.3m) = | 45.1 m/s
VA V (2)(~0.809 m)
32. Uy= 18 m/s Ay:%ayAtz

Ay=-52m oA
24y /(2)(=52 m)
At= |[—= | ——= -3.3 S
gy: —g= —-9.81 rn/s2 a}/ —9.81 m/s -

When the stone hits the water,

vy=a,At= (=9.81 m/s)(3.3s) =—32m/s

Vtor = \/’/xz + 1/)/2 = \/(18 m/s)” + (=32 m/s)?

Vior=1/320 m%/s> + 1000 m%/s> = /1300 m?/s* = | 36 m/s

33. v, ;=15m/s Ay=%ayAt2
Vy,o =26 m/s At= /ﬂ_ /m_ws
= = >=1.
Ay=-50m a, 9.81 m/s
Ax;=v, At=(15m/s)(1.0s)=15m
a,=-g=-9.81 m/s? S ( ) )
Axy=v, ,At=(26 m/s)(1.05) =26 m
Axy—Ax,=26m—15m=
34. ;=170 X 10° m/s a. Ay=r;(sin 9)At+%ayAt2 =v(sin 0) + %ayAtz 0
= ° . 3 M o
0=55.0 3 2v,(sin 6) __ (2)(1.70 x 10” m/s)(sin 55.0°)

At= =284s

2
a, —9.81 m/s

a,=-g=-9.81 m/s> Ax=wv;(cos @)At=(1.70 X 10° m/s)(cos 55.0°)(284 s) =| 2.77 X 10°m
b. At= (See a.)
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35. Ax=
v;=20.0 m/s
0:

36.0 m

53°

Aypar=3.05m

a,=-g=-9.81 m/s’

Solutions

a. Ax=wv;(cos O)At

Ax 36.0 m
At= = =3.0s
vi(cos 6)  (20.0 m/s)(cos 53°)

Ay =v(sin 9)At+%a),At2 =(20.0 m/s)(sin 53°)(3.0's) +%(—9.81 m/sz)(3.0 s)2
Ay=48m—-44m=4m

Ay=Ayp,,=4m-3.05m=1m

The ball clears the goal by 1 m.

b. Vyf= v(sin ) + a,At= (20.0 m/s)(sin 53°) + (—9.81 m/sz)(3.0 s)
Uyp=16m/s —29 m/s =—13 m/s

The velocity of the ball as it passes over the crossbar is negative; therefore, the ball
is falling.

36. Ay=-1.00m

Ax=
0:

5.00 m
45.0°

v=2.00 m/s

At=
a,=-g=-9.81 m/s’

0.329s

Find the initial velocity of the water when shot at rest horizontally 1 m above the
ground.

Ay= —a AP

oA
A= |22
a

y
Ax=v,At

5.00 m
\/* \/( 2)(~1.00 m)
a ~9.81 m/s”
Find how far the water will go if it is shot horizontally 1 m above the ground while
the child is sliding down the slide.

=11.1 m/s

Uy, 1ot = Vx+ v(cos 6)

Ax=v, yAt= [V, + v(cos O)]At=[11.1 m/s + (2.00 m/s)(cos 45.0°)](0.329 s)

Ax=[11.1 m/s+ 1.41 m/s](0.329 s) = (12.5 m/s)(0.329 s) =

37. Ax;=250%x10°m

Ax,=6.10x 10° m

3
AYountain=1.80 X 10" m

=2.50 x 10% m/s

0:
a,=-g=-9.81 m/s’

I Ch. 3-12

75.0°

For projectile’s full flight,
. Ax
B vi(cos 0)
Ay = v;(sin 9)At+ 29y At? = =v(sin 0) + a At=0

v;(sin 6) + a i
Vl(COS 0)

Zz/l- (sin 6)(cos 6) _ (2)(2.50 x 10 m/s)z(sin 75.0°)(cos 75.0°)

Ax=— 5
—9.81 m/s

=3190 m

a
y
Distance between projectile and ship = Ax— Ax; — Ax,

=3190m—250%x 10’ m — 6.10 X 10> m =

For projectile’s flight to the mountain,

, Ax
v;(cos )
2
. , 1 Ax; 1 Ax;
Ay =v;(sin O)AY +5a,A1" = =y(sin 0)[ {cos 9)} +2ay[1/i(cos 9)}
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A 2
Ay = Ax;(tan 6) +—ZL2
2v;(cos 6)
(—9.81 m/s%)(2.50 x 10° m)?

Ay =(2.50 x 10° m)(tan 75.0°) +
y=( X ) (2)(2.50><102 m/s)2 (cos 75.0")2

Ay=9330 m—7320=2010 m

distance above peak = Ay — Ay,,.ountain = 2010 m — 1.80 X 10°m=

43. v, = 1.50 m/s east . Vpe=VprtVre

Viy = 10.0 m/s north Vpe =\/1/b,2+1/,52 = \/(10.0 m/s)2 +(1.50 m/s)2

Vpe=4/1.00 X 10° m?/s? +2.25 m?/s* = /102 m?/s* = | 10.1 m/s

17, _1/1.50 m/s
6=tan l(ﬁ> =tan 1(7) = | 8.53° east of north |

Uy 10.0 m/s
Ax  325m
Ax=325m b.At=—=———=3255
vy, 10.0m/s
Ay=v,,At=(1.50 m/s)(32.5 s) =
v
44. v, =50.0 km/h south A. Vo = Vae + (—Vige) —=sin 6
Vuw
Vayw= 205 km/h v, 50.0 km/h
o 6=sin" || = sin” | ————| = | 14.1° north of west
V,e is directed due west Vo 205 km/h

2_ 2 2
b. v, =v, + Ve

Vae = Van? — Ve = /(205 km/h)? = (50.0 km/h)?

Vae=4/4.20 X 10" km?/h* — 2.50 x 10° km?/h?

Vae=1/3.95x 10* km?/h? = [ 199 km/h

45. Ax=1.5km The boat’s velocity in the x direction is greatest when the boat moves directly across
the river with respect to the river.
V,,=5.0 km/h
Ax 1.5 km
vy =12 km/h A A 75 min]
™ e (12 km/h)(1 h/60 min)
46. v, =3.75 m/s downstream Ve .
A Vgr =Vge + (—Vre) —=sin 6
Vg =9.50 m/s Vsr
is di he ri _1/3.75m/s
Vse i8 directed across the river 0=sin l(m> = | 23.2° upstream from straight across
.50 m/s

2_ .2 2
b. v, = v + v,

Vo=V = 132 =+/(9.50 m/s)? — (3.75 m/s)>

Vge=+/90.2 m%/s> — 14.1 m?/s? = 1/76.1 m?/s> = 8.72 m/s

Vee = | 8.72 m/s directly across the river |
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— _ A
47. Ay=21.0m-10m=20.0m 5 Ax=y. cos GAt Ap=— 2% 5
Ax=130.0m 1ieos
0= 35.0° Ay =v;sin OAL+- 34y (Ar)?
A Ax |2
a,=-¢=-9.81 m/s® Ay=v;sin 6 o +1a), o
v;cos 6 v;cos 6
A
Ay=Axtan 6+ —2(L)
2v{ cos” O
s2 a,(Ax)*
" 2cos’ 0 (Ay—Axtan 6)
Ax | a
vi=
cos 8V 2(Ay— Ax tan 6)
_ 1300m (~9.81 m/s?)
€08 35.0° ¥ 2[(20.0 m) — (130.0 m)(tan 35.0°)]
b. A Ax 130.0 m
. At= =
v;cos @ (41.7 m/s) (cos 35.0°)
C. vyr=v; sin 6+ ayAt: (41.7 m/s)(sin 35.0°) + (—9.81 m/sz)(3.81 s)

vyp=23.9m/s —37.4 m/s =

Uy =vjcos 0= (41.7 m/s) (cos 35.0°) = | 34.2 m/s

vp =4/1170 m%/s? + 182 m?/s> = /1350 m%/s* = | 36.7 m/s

48. Ax=12m a. Ax=v;(cos 0)At
6=15° A Ax
t=———

a,=—g=-9.81 m/s’ vi(cos )

Ay =v(sin O)At+ %u},AtZ =v(sin 0) + %a},Atz 0

) 1 Ax
vy(sin 6) +3a, —1/<(cos 9 =

21/, (sin 6)(cos 0) =

/ —a,Ax (9.81 m/s (12 m)
15m/s

~V 2(sin 9)(cos 6) _ V (2)(sin 15°)(cos 15°)

A 12
b. At= — = m —0.83s

v;(cos 9) (15 m/s)(cos 15°)

vyr = vy(sin 6) + a,At= (15 m/s)(sin 15°) + (-9.81 m/sz)(0.83 s)
vyr=39m/s—8.1m/s=-4.2m/s

Upf =VUx= vi(cos 6) = (15 m/s)(cos 15°) = 14 m/s

v = \/(Vx,f)2 + (1/),,f)2 = \/(14 m/s)’ + (—4.2 m/s)?

vp =420 107 m%/s? + 18 m¥/s> = 1220 m?/s =
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_ See the solution to problem 47 for a derivation of the following equation.
49. Ax=10.00 m p geq
0=45.0° o \/ a,AX ~ \/ (=9.81 m/s%)(10.00 m)>
Ay=3.05m—2.00 m ! 2(cos 6)? [(Ay Axtan 6)] (2)(cos 45.0°)2[1.05 m — (10.00 m)(tan 45.0°)]
=1.05m
g 2 (—9.81 m/s%)(10.00 m)? (—9.81 m/s%)(10.00 m)?
a,=-g=-9.81m/s U= \/ = = -10.5 m/s
"V (2)(cos 45.0°)%(1.05 m — 10.00 m) (2)(cos 45.0°)%(~8.95 m)
_ Ax 20.0m
50. Ax=20.0m Veg= Ax 2005 = 0400 ms
At=50.0's ' o

Vpg = Vpe + Veg
Vpe=7%0.500 m/s a. Going up:
Vpg = Vpet+ Vg = 0.500 m/s + 0.400 m/s = 0.900 m/s
Ax 20.0 m
Atyy=——=——""—=2225s
0.900 m/s

b. Going down:

Vpg="Vpe+ Veg=—0.500 m/s + 0.400 m/s =—0.100 m/s
-Ax  -20.0m 5
At, =——=——"—"—=[2.00xX10"s
oy e —0.100 m/s
51. Ay=-1.00m Ax
a. Ax=v, At At=—
Ax=120m Vx
——g=— 2 Ax)? a,Ax
a,=-g=-9.81m/s Ay=La,A¢ _l a, ayax” 2
21/x

a,Ax’ (9.81 m/sz) 1.20 m)2
Jm /

b. The ball’s velocity vector makes a 45° angle with the horizontal when v, = v

-
Uy = %f:ayAt Ar=1x
2 Ay
VX 2 1/X
Ay=1a,Art=1a || =2
a, 2a,
2. :
Ay= OO 361 m
(2)(—9.81 m/s)
h=1.00m - 0361 m =
52. v;=40.0 km/h For lead car:
vy= 60.0 km/h Axt0t= 1/1At+ Axi
Ax;=125m For chasing car:
Axt0t= I/ZAt
Vo At=v;At+ Axi
Ax; (125 m)(107 km/m)

At= =
v,—v;  (60.0 km/h —40.0 km/h)(1 h/3600 s)

125 x 107> km
= =225
(20.0 km/h)(1 h/3600 s)
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53. 0=60.0°
v;=41.0 km/h
v,=25.0 km/h
At;=3.00h
At=4.50h

Solutions

d; = v;At= (41.0 km/h)(3.00 h) = 123 km
Ax;=dj(cos ) = (123 km)(cos 60.0°) = 61.5 km
Ay;=d,(sin 6) = (123 km)(sin 60.0°) = 107 km
Aty=At—At;=4.50h—3.00h=1.50 h

Ay, =1v,At) = (25.0 km/h)(1.50 h) = 37.5 km
Axpp=Ax;=61.5 km

Ayior=Ay;+ Ay, =107 km + 37.5 km = 144 km
d=1/(Ax)? + (Ayson)? =/(61.5 km)? + (144 km)?

d=1/3780 km? + 20 700 km? = 1/24 500 km? = | 157 km

54. v}, =17.5m/s

Ve =1.5m/s

Vbe = Vbw T Vwe

Going downstream:

Ax; =250 m Vpe,d=7.5m/s+ 1.5m/s =9.0 m/s
Ax,=-250 m .
Going upstream:
Upey =—7.5m/s+ 1.5 m/s =-6.0 m/s
Axg; Ax, 250m  -250m 1
At=—7+—= +—————=28s5+42s=|7.0x10"s
Uped Vpey 9-0m/s —6.0m/s
55. 6=-24.0° a. d=3aAr
a=4.00 m/s* 2d  [(2)(50.0
an= [P [R0O00m) o0
d=50.0m a 4.00 m/s
Ay=-30.0m v;= aAt; = (4.00 m/s*)(5.00 s) = 20.0 m/s

a,=—-g=-9.81 m/s?

vy =~/r(sin )2 +2a,Ay=1/(20.0 m/s)*[sin(~24.0°)]* + (2)(-9.81 m/s?)(=30.0 m)
vy, =~/66.2 m?/s> + 589 m?/s” = /655 m?/s” = +25.6 m/s =~25.6 m/s

vyr =vi(sin 6) + a, Aty
vyf—vi(sin 6)  —25.6 m/s — (20.0 m/s)(sin —24.0°)

Atzz

2
a, —9.81 m/s
—25.6 m/s+8.13m/s —17.5m/s
Aty= > = >=1.78s
—-9.81 m/s -9.81 m/s

Ax = v{cos )AL= (20.0 m/s)[cos(~24.0°)] (1.78 s) =
b. At,= (See a.)
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56. 0=34°

Ax =240 m

a,=-g=-9.81 m/s’

Solutions

a. Ax =v;(cos O)At
. Ax
a v;(cos 0)

Ay =v;(sin 8)At + %a},At2 =v;(sin 0) + %a},At =0

A
v;(sin ) +%ay = 1/,~2(sin 0) + _HAx 0
v;(cos 6) 2(cos 6)
[ - 9.81 m/s%)(240

\ 2(cos 6) (sin 6) (2)(cos 34°)(sin 34°)

2 2
vyf” — vy
b. Ayya.= %
ay

Because Vyf = 0 m/s,

—viz(sin 9)2 _ —(5.0x% 10! m/s)z(sin 34")2

Ay, = -
Vmax 2a,, (2)(-9.81 m/s?)
o 1 Ax
vi(sin 0) 2v;(cos 6) +Ea}’ 2v;(cos 0)

a,Ax*
8 Viz(COS 6)2
(240 m)(tan 34°) L (981 m/s?)(240 m)?
2 (8)(5.0 x 10" m/s)*(cos 34°)

Ax
AYpax = T(tan o)+

Ay pax=

57. v, =50.0 km/h east
6 =60.0°

a. v, =V, (sin 0)
Vg _ 50.0km/h
(sin @)  (sin 60.0°)

=57.7 km/h

VTC

Ve = | 57.7 km/h at 60.0° west of the vertical

b. v,,=v,(cos 0) = (57.7 km/h)(cos 60.0°) = 28.8 km/h

Vie = | 28.8 km/h straight down

58. Atwalk =30.0s
At g =20.0's

L L
Vs, = =
Pe Atyar 30.0's
L L
VC

8 Atyana  20.0s

Vpg = Vpe + Veg

l/pg = Vpe + Veg

L I 20+3L 5L

Vpg: + = =
30.0s 20.0s 60.0s 60.0s

L 5L

At 60.0s
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59. Axgy,=3.0m Ay =v;(sin 0)At+ %a),Atz =v;(sin 6) + %ayAt =0
a,=-g=-9.81 m/s’ Af=— 2v;(sin 6)
Ay in o
2 K
Axpa=vi(cos B)At =v;(cos 9){—ﬂ}
a
Y
21/,~2(cos 0)(sin 0) 21/,~2(cos 0)(sin 0)
AXpgrin= — =
a, g

Because v; and @ are the same for all locations,

k
AXpa = g, where k= 21/i2(cos 0)(sin 0)

g
k= gAxpam= (g)Axmoon =(0.38g) Axppars

AX,pon = 6AXEL = (6)(3.0 m) =

Axggr,  3.0m

AXpfgrs =t =———=7.9
Mars= 038~ 0.38 o
60. v, =10.0 m/s The observer on the ground sees the ball rise vertically, which indicates that the
0= 60.0° x-component of the ball’s velocity is equal and opposite the velocity of the train.
v,=vcos 6
a,=-g=-9.81 m/s? x=ul )
Uy 10.0 m/s 20.0m/
Yi= (cos 6) ~ (cos60.0°) S
At maximum height, v,= 0, so
1/y,f2 - 1/},,1'2 —Z/iz(sin 0)2
AYpax= 5 = 5
ay Ay
—(20.0 m/s)*(sin 60.0°)°
A = =[153m
Ymax (2)(=9.81 m/s?)
61. v;=18.0 m/s Ay =v,(sin 9)At+%ayAt2 =v;(sin 6) + %a),At =0
0 =35.0° —2vi(si —2(18.0 m/s)(sin 35.0°
Are visin 0) _ ( )( . ) 2105
Ax;=18.0m a, -9.81 m/s
a,=-g=-9.81 m/s> Ax=v;(cos @)At = (18.0 m/s)(cos 35.0°)(2.10s) =31.0 m
Axyyy =Ax—Ax;=31.0m—18.0 m=13.0 m
A 13.0
Vi = Srun _ 22 (6,19 m/s downfield
At 2.10s
62. 6=53° a,= a(sin 8) = (25 m/sz)(sin 53°) =2.0 x 10" m/s?
v;=75mls Ay =v;(sin @)At +3a,A" = (75 m/s)(sin 53°)(25's) +3(2.0 x 10" m/s?)(25 5)*
At=25s Ay=1500 m + 6200 m = 7700 m
a=25m/s vr=v;+aAt =75 m/s + (25 m/s s)=75m/s+ m/s=7.0X 10" m/s
25 m/s p=v;+aAt=75m/s+ (25 m/s*)(255) = 75 m/s + 620 m/s = 7.0 X 10° m/
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For the motion of the rocket after the boosters quit:

vi=vp=7.0% 10> m/s vy = v;(sin 0) + a,At=0

=53° —ufsin @) —(7.0x 10% m/s)(sin 53°
0=53 A= v;(sin 6) _ ( )(2 ) 57
a,=—-g=-9.81 m/s” Ay —9.81 m/s

Ay =v;(sin @)At +3a,Ar" = (7.0 x 10° m/s)(sin 53°)(57 5) +3(~9.81 m/s*)(57 5)*
Ay=32000 m - 16 000 m = 16 000 m

a. Ay =7700m+16 000 m = [ 2.4 x 10* m

b. Ay:+%ayAt2
2Ay  [(2)(=24000 m)
At:\/j:\/:zzmxwls
a, —-9.81 m/s
Atmml=255+57s+7.0><1018=

c. a,=a(cos )

Ax =v;(cos O)At + %aXAtz =v;(cos O)At + %a(cos 0)At2
Ax= (75 m/s)(cos 53°)(25 s) +5(25 m/s?)(cos 53°)(25 )
Ax=(1.1x10°m)+ (4.7x10°m)=5.8x 10’ m

v;=7.0% 10> m/s After the rockets quit:
6 =53° At=57s+7.0x10's=127s
Ax =v;(cos O)At = (7.0 X 10! m/s)(cos 53°)(127 s) = 5.4 X 10*m

Axypr = (5.8%10° m) + (5.4 % 10* m) =

Two-Dimensional Motion and Vectors, Standardized Test Prep

5. v}, = 5.0 m/s east Vbe = Vbr + Vre
Vre = 5.0 m/s south Vpe = \/Vbrz + ’/re2 = \/(5.0 rn/S)2 + (5.0 I‘n/S)2
Vpe= \/25 m?/s® + 25 m?/s*=|7.1 m/s
= Ax 125m
6. Ax=125m A :
= vy, 5.0m/s
vy, =5.0m/s
7. v4p =165 km/h south Vae = Vap + Vpe

=-165 km/h north
Vae =—165 km/h north + 145 km/h north =—-20 km/h north = | 20 km/h south

Vpe =145 km/h north
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8. Ax=6.00m d:\/Ax2+Ay2:\/(6.OO m)2+ (=5.40 m)2
Ay=-540m
d=4/36.0m> +29.2 m? =,/65.2 m*=| 8.07 m
A —5.40
0=tan™! - tan”! ) | 42.0° south of east |
Ax 6.00 m
12. vp =v,=3.0m/s gy = \/Za},Ay: \/—ZgAy: \/(—2)(9.81 m/s?)(—1.5 m) = 5.4 m/s
Ay=-15m 5 . 5 .
g=—9.81 m/s> vp= \/1/145C +tup = \/(3.0 m/s)“+ (5.4 m/s)“=|6.2m/s
a,=-g
14. d=41.1m Ax=d(cos ) = (41.1 m)(cos40.0°)=
6=40.0° Ay= d(sin 6) = (41.1 m)(sin 40.0°) =
15. At=3.00s Ay=vsin )At+ %ayAtz = y(sin 0) + %ayAtz 0
0=30.0° At (9.81m/s%)(3.005)
—a, At .81 m/s)(3.00s
g 2 v;,= = =29.4m/s
ay=-g=-9.81 m/s " 2(sin@)  (2)(sin 30.0°)
16. v;=25.0 m/s Ax=v;(cos O)At
0=145.0° Apm DX
v;(cos 6)
Ax=50.0 m A 2
P Ay =v;(sin 9)At+la AP =y, (sin ) . +ia &
a,=—g=-9.81 m/s ’ A= O cos 6) | T2 cos 6)
Ax —9.81 m/s%)(50.0 m)?
Ay = Ax(tan 60) + —?Lz =(50.0 m)(tan 45.0°) + ( s )2( m) >
2v;(cos 6) (2)(25.0 m/s)“(cos 45.0)
Ay=50.0m—39.2 m =
Holt Physics Solution Manual

I Ch. 3-20

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Student Edition Solutions

Forces and the
Laws of Motion

Forces and the Laws of Motion, Practice B

Givens Solutions

1. F=70.0N F, = F(cos 6) = (70.0 N)(cos 30.0°) = [60.6 N
0=+30.0°
E,= F(sin 6) = (70.0 N)(sin 30.0°) = [35.0 N

2. ,=-225N Frar=yEZ +E =/(105 N)* + (225 N)?

F=1.05N
* Fper=+/1.10 N>+ 5.06 N> = /6.16 N* = [ 2.48 N

[ F -1/ _1.05N

— x| _ 1 _1.

6=tan 7 tan | 5oy

Y

6= | 25.0° counterclockwise from straight down

3. Fyjna =452 N north Fo=Fpper=—325N
Fyater = 325 N west Fy: Foind=452 N
Foo=JEZ+ F2 =/(-325 N)> + (452 N)?

Frer=+/1.06 X 10° N2 +2.04 x 10> N? = 4/3.10 x 10> N

F 452 N
6= tan_l(;z) = tan_1< ) =-54.3°

-325N

X,

0= | 54.3° north of west, or 35.7° west of north |

Forces and the Laws of Motion, Section 2 Review

3. F,=1300N Fuer=+/E + F2=4/(4500.0 N)* + (130.0 N)?

Fr=45000N Fper=+/2.025x 107 N> + 1.690 x 10* N? =1/2.027 x 107 N’ = [ 4502 N

F, 130.0 N
0= tanl(Fy) = tanl<7

= | 1.655° forward of the side |
4500.0 N

X,

Forces and the Laws of Motion, Practice C

1. F o =7.0N f d F 7.0 N
net orwar a=-2¢t_"" " _ 122 m/s’ forward
m  3.2kg

m=3.2kg

2. F,;=390 N north Foot 390N
net _

a= = = | 1.4 m/s® north
m=270kg m  270kg
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Givens Solutions

3. Fper=6.75 X 10° N east
net Foot 675X 10° N east

o m = [4.50 m/s> east

m=150x 10’ kg a=

4. F o= 13.5 N to the right

Fpet Fuer 135N -
m= = =—F = 21 k
a=6.5 m/s” to the right a a  65m/s’ g

5. m=2.0 kg AXZ%IZ(AI)Z
Ax=85cm 2Ax  (2)(0.85m) 2
a="— =" =68 ms
At=0.50 A (0.505)

Fpor= ma= (2.0 kg)(6.8 m/s?) =

Forces and the Laws of Motion, Section 3 Review

1. m=6.0kg a. F,,;=ma=(6.0kg)(2.0 m/s?) =

a=2.0 m/s>
F 12N
m=4.0k b.a=—""=—"""=|30m/s
8 e
4. F, =390 N, north Frer=y/E2+ F2=4/(180 N)2 + (390 N)

F, =180 N, east
x Frer=+/3.2x 10" N>+ 1.5 x 10° N> = /1.8 X 10° N =420 N

F, 390 N
0=tan'[Z|=tanl[—
F, 180 N
0 =|65° north of east
F, 420N 5
a= = =| 1.6m/s
e

m =270kg

Forces and the Laws of Motion, Practice D

1. F,=53N _F_F 53 N _
m =24 kg Hr F, mg (24kg)(9.81 m/s%) -
g=9.81 m/s*
2. m=25kg a. y,= F pax _ F nax _ 165N _ -
Fy max=165N E, mg (25 kg)(9.81 m/s?)
= F F
F=127N b = T Fi 127N

¢=9.81 m/s* F, mg (25kg)(9.81m/s?)
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3. m=145kg a. F, = I1sFy = lgmg = (0.61)(145 kg) (9.81 m/s?) =
Hs=0.61 Fi= yF, = tpmg = (0.47)(145 kg) (9.81 m/s?) =

= 0.47
g=9.81 m/s”

m=15kg b. F, .= 1F, = ptimg = (0.74)(15 kg)(9.81 m/s”) =
p=0.74 Fy= iF, = tymg = (0.57)(15 kg) (9.81 m/s?) =
Hr=10.57

g=9.81 m/s*

m=250kg €. F o= UsF, = ugmg=(0.4)(250 kg)(9.81 m/s%) =
Hs=0.4 Fy= F, = tpmg = (0.2)(250 kg) (9.81 m/s?) =

M= 0.2

¢=9.81m/s’

m=0.55kg d. Fy pmax = UsF, = gmg = (0.9)(0.55 kg)(9.81 m/Sz) =
Us=0.9 Fy= 1F,, = temg = (0.4)(0.55 kg)(9.81 m/s®) =
M= 0.4

¢=9.81 m/s’

Forces and the Laws of Motion, Practice E

1. Fappliea = 185 N at 25.0° Fopplied, x= applied(cos 0)
above the horizontal .
Fupplied, y= upplied(snl 0)
m=35.0 kg
Fy, net:ZFy: F,+ Fapplied,y_ Fg:0
H=0.27 .
9.81 m/s2 Fn:Fg_Fapplied,y:mg_Fapplied(Sm 0)
=9.81 m/s
g F,=(35.0kg)(9.81 m/sz) — (185 N)(sin 25.0°) =343 N —-78.2 N =265 N
Fi=13F, = (0.27)(265 N) = 72 N
Fy ner= ZF.= Fapplied, x— Fx= Fupplied(cos 0) — Fy
Fy per=(185N)(c0s 25.0°) = 72N =168 N-72N=96 N
F 96 N
= xnet _ =27 m/s2
m  35.0kg
a=ay=|2.7m/ s% in the positive x direction
2. 6,=12.0° Foy= mg(cos 6;) = (35.0 kg)(9.81 m/sz)(cos 12.0°) =336 N
6,=25.0° Fyy= mg(sin 6;) = (35.0 kg)(9.81 m/sz)(sin 12.0°)=71.4N
Fapplied: 185 N Fupplied,x: applied(cos 92) = (185 N)(COS 25.00) =168 N
m=35.0 kg Fapplied,y = Fappliea(sin 65) = (185 N)(sin 25.0°) =78.2 N
Hi= 0.27 Fy,net= ZF},= Fn + Fapplied,y_ Fg,y= 0
g=9.81 m/s? Fy=Fgy— Fuppliedy=336 N—782 N=258 N

Fp=p3F, = (0.27)(258 N) =7.0 X 10' N
Fx,net: z"1:9:: Fapplied,x_ Fk_ Fg,x: may

Fapplied,x — Fr— Fg,x
A=

m
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168 N-7.0x10'N-714N 27N 5
a,= = =0.77 m/s
35.0 kg 35.0 kg
a=a,= | 0.77 m/s? up the ramp
3. m=75.0kg a. Fy oy = ma,=Fg . — F};
6=25.0° Fox= mg(sin 6)
a,=3.60 m/s> Fy=Fy — ma,=mg(sin 6) — ma,
¢=9.81 m/s> Fi=(75.0 kg)(9.81 m/s?)(sin 25.0°) — (75.0 kg)(3.60 m/s?)
F=311N-270x10°N=41N
F, = Fg,= mg(cos 6) = (75.0 kg)(9.81 m/s>)(cos 25.0°) = 667 N
F, 41N
U=—F= =10.061
F, 667N
m=175kg b. Fy o= Fox— Fr= mgsin 60—y F,
U=0.061 F,=Fg,=mgcost
F mg sin 6 — Lmg cosd
a, =20 = g Himg = gsin - [g cosO
m m
a, = g(sin 80— py cos 6) =9.81 m/s’ [sin 25.0° — (0.061)(cos 25.0°)]
a,=9.81 m/s* (0.423 — 0.055) = (9.81 m/s)(0.368) = 3.61 m/s’
a=ay;= | 3.61 m/s* down the ramp
4. ng 325N Fx,netzFapplied,x_FkZO
Fapplied: 425N Fr= Fapplied,x: applied(cos 6) = (425 N)[cos(—35.2°)] =347 N
6=-35.2° Fyet=Fot Fappliedy — Fg=0

F,= Fg_ Fapplied,y: Fg_ Fapplied (sin 6)
F,,=325N — (425 N)[sin (—35.2°)] =325 N+ 245N =5.70 X 10°N

F, 347N
=k M _[0.609
M= T570x 100N

Forces and the Laws of Motion, Section 4 Review

2. m=226kg a. Fy,=tmg="1(226 kg)(9.81 m/s?) =
=9.81 m/s°
gosme b. F,= (2.64)mg= (2.64)(2.26 kg)(9.81 m/s?) =
3. m=2.0kg a. F, .= F(cos 8) —mg(sin 0) =0
6 =60.0° b 7g(sin 6) _ (2.0 kg)(9.81 m/s?)(sin 60.0°) _
¢=9.81 m/s2 cos 0 cos 60.0°

b. F, ,..= F,— F(sin 8) — mg(cos ) =0
F,,= F(sin 0) + mg(cos ) = (34 N)(sin 60.0°) + (2.0 kg)(9.81 m/sz)(cos 60.0°)

F,=29N+9.8N=
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4. m=55kg o= Fymax _ Fymax _ 198 N _
Fy nax =198 N * F, mg  (55kg)(9.81 m/s?)
F.=175N

F, F 175N
=== —10.32
g=9.81 m/s’ Hr F, mg (55kg)(9.81 m/s?)

Forces and the Laws of Motion, Chapter Review

10. F, ;=950 N Fyner=Fy 1+ Fy 2 =950 N+ (1520 N) = =570 N
F,=-1520N Fynet=Fy, 1+ Fy 5 =5120 N+ (—4050 N) = 1070 N
F,;=5120N
»l Fpet =\ (Fy o) + (Fy o) = /(=570 N)2 + (1070 N)?
F,,=-4050 N
Fror=4/32X10° N> + 114 x 10° N? = /146 x 10° N’ = | 1.21 x 10° N
1| F, _1{1070 N
6 = tan”![ 22 = tan ™| ——| =-62°
et —570 N
0= | 62° above the 1520 N force |
11-F1+F2=334N b. F1+F2: 334N
—F1+F2:—106N
2F,=228N
F,=114N F;+114N=334N F;=220N

F,= | 220 N right for the first situation and left for the second

F,= | 114 N right for both situations |

12. F=5N F, = F(cos 6) = (5 N)(cos 37°) =

6=37° F,= F(sin ) = (5 N)(sin 37°) =

20. m=24.3kg

F... 855N 2
a= = = -3.52 m/s
Fuer=855N m 243 kg

21. m=25kg Fper= ma=(25kg)(2.2 m/s?) =55 N

a=2.2m/s’ Fret=| 55 N to the right
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22, F,=380N a. F; .= Fy(sin 6;) = (380 N)(sin 30.0°) = 190 N
6,=30.0° Fi,= F;(cos 8;) = (380 N)(cos 30.0°) =330 N
F,=450 N F, = Fy(sin ;) = (450 N)[sin (-10.0°)] =-78 N
6,=-10.0° Fy,= F5(cos 6,) = (450 N)[cos (—10.0°)] =440 N

Fypet=Fyy+ F5, =330 N+ 440 N=770 N

Fyper=Frx+ F2x=190N-78 N=110N
Fnet: \/(Fx,net)z + (Fy,net)z = \/(110 N)2 + (770 N)Z
Frer=4/1.2x 10" N2 +5.9x 10° N> = /6.0 x 10° N> = | 770 N

F 110N
0= tan_l(ﬂ> = tan_l(7—) = | 8.1° to the right of forward |

et 70N
F, 770N

m=3200 kg b.a= % = S200 = m/s’
m g

Apet = | 0.24 m/s” at 8.1° to the right of forward |

24. m=0.150kg a. Fyy = —mg=—(0.150 kg) (9.81 m/s?) =

v;=20.0 m/s
g=9.81 m/s? b. same as part a.

26. m=55kg a. F,=mg=(55kg)(9.81 m/s?) =
¢=9.81 m/s*

0=12° b. F,,= mg(cos 6) = (5.5 kg)(9.81 m/sz)(cos 12°) =
0=25° c. F, = mg(cos 0) = (5.5 kg)(9.81 m/s?)(cos 25°) =

0=45° d. F,,=mg(cos 6) = (5.5 kg)(9.81 m/sz)(cos 45°) =

20. m=5.4kg F, = mg(cos 6) = (5.4 kg)(9.81 m/s)(cos 15°) =
6=15°
g=9.81 m/s?
35. m=95kg F, = Fy=mg=(95kg)(9.81 m/s") =930 N
Fgmax=650 N =FS’ﬂ=M= 0.70
Fo=560 N %7, ToN
-

F, 560N
=9.81 m/s’ St
g BT T

36. 6=130.0° F,,= mg(cos 6)
a=1.20 m/s* mg(sin 6) — Fy, = ma,, where F. = uF, = timg(cos 6)
g=9.81 m/s mg(sin ) — ypmg(cos 6) = may,
L= mg(sin 6) — may, _ sinf  a, = tan O— a,
mg(cos 6) cos @  g(cos 0) g(cos 0)

1.20 m/s*
= (tan 30.0°) — =0.577-0.141 = 0.436
i (9.81 m/sz)(cos 30.0°)
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37. m=4.00kg Fapplied,x = Fapplied(cos 6) = (85.0 N)(cos 55.0°) =48.8 N
Fapplied: 85.0 N Fapplied,y: applied(sin 9) = (85.0 N)(sin 55.00) =69.6 N
6="55.0° Fyy= Fappliedy — mg=69.6 N — (4.00 kg)(9.81 m/s’) = 69.6 N = 39.2 N=30.4 N
2
a,=6.00 m/s may= Fapplied x = Fx = Fappliedx — MiFn
2
4= 9.81 mis” o Fappied=mae _ 488N - (4.00 kg)(6.00 m/s?)
F, 304N
488 N—-24.0N 248N
= = =0.816
Hi 304N 304N
38. Fapplied: 185.0 N Fapplied,x: applied(cos 9) = (185.0 N)(COS 25.00) =168 N
6=25.0° Fuppliedyy = Fappliea(sin 6) = (185.0 N)(sin 25.0°) =782 N
m=35.0 kg Eynet = Fut Fapplied,y — mg=0
LU= 0.450 F, = mg— Fappiied,y = (35.0kg) (9.81 m/s?) ~ 782 N =343 N~ 782 N =265 N
g=9.81 m/s* Fy= 3F, = (0.450)(265 N) =119 N
Fy per=may = Fupplied,x — Iy
F. 168 N—-119N 49 N
 =—2ret = =1.4 m/s
m 35.0 kg 35.0 kg
a=ay,=|14 m/s® down the aisle
39. ng 925 N Fapplied,x: upplied(cos 9) = (325 N)(COS 25.00) =295N
Fapplied= 325N Fapplied,y= applied(sin 6) = (325 N)(sin 25.0°) =137 N
0=25.0° Fy,net= Fn + Fapplied,y_ Fg= 0
U= 0.25 F, = Fy— Fypplieay =925 N — 137 N =788 N
g=9.81 m/s’ Fi= 1F, = (0.25)(788 N) =2.0 X 10> N
Fyg et = M= Fappiicg— Fx=295N = 2.0 x 10° N=95 N
F 925 N
=f - -943kg
g 9.81m/s
Fx net 95N 2
a,=—>—=———=|[1.0m/s
X m 94.3 kg
2
mg (6.0 kg)(9.81 m/s”)
40. m=6.0k F, = = =[68N
§ " cos O cos 30.0°
0=30.0°
F=F, sin 8= (68 N)(sin 30.0°) =
g=9.81 m/s’
41. m=2.0kg Because v;=0 m/s,

Ax=8.0%x10""m
At=0.50's

v;=0m/s

Ax=3aAr
2A 2)(0.80
:_;c:ern): 6.4 m/s
AP (0.50s)

Fppr=ma=(2.0kg)(6.4 m/s*) =13 N

Fpet = | 13 N down the incline
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42. m=226kg b. F,=mg= (226 kg)(9.81 m/s?) =

Ay=-15m
¢=9.81 m/s’
43. m=5.0kg Fr—F,=ma
a=3.0 m/s* Fr=ma+ Fy=ma+ mg
g=9.81 m/s* Fr=(5.0kg)(3.0 m/s?) + (5.0 kg)(9.81 m/s?) = 15N +49 N =64 N

Fp=| 64 N upward

44. m=3.46kg b. F,= mg= (3.46 kg)(9.81 m/s’) =

¢=9.81 m/s>
45, F;=2.10x 10°N a. F,,,= F;+ F,=2.10x 10° N + (=1.80 x 10> N)

F,=-1.80x10° N Fpp=3.02%x10°N

=1200 k Fpe  3.02x10*°N
" 5 Apet= e e —0.25m/s’

1200 kg
Anet = | 0.25 m/s forward

At=12s b. Ax=vAt+35aAr’= (0 m/s)(12 s) +3(0.25 m/s?)(12 5)?

v;=0m/s Ax=

c. yp= aAt+v;=(0.25 m/sz)(12 s)+0m/s

46. v;=7.0 m/s Fie= Wik, = (0.050)(645 N) = 32 N
=0.050 F, 645 N
i m=—=S=_""_ _657kg
F,=645N g 981m/s
_ 2 -F —32N
¢=9.81 m/s a= Kk o =0 m/s”
vp=0m/s " T

B z/fz— I/iz B 0 m/s)? - (7.0 m/s)?
T 24 (2)(—0.49 m/sz)

Ax=| 5.0%10'm

Ax
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47. F,=319N a. Fuppiied, x= Fapplicd(cos 6) = (485 N)[cos(~35°)] =4.0x 10° N
Fappliea= 485N Fopplicdy = Fapplied(sin 6) = (485 N)[sin(-35°)] =—2.8 x 10° N
0=-35° Fy,net:Fn"'Fapplied,y_Fg:O
Up=0.57 Fy=Fy— Fappiicdy =319 N = (-2.8 X 10 N) = 6.0 x 10° N
Ax=4.00 m Fi.= ieF, = (0.57)(6.0 x 10° N) = 3.4 x 10> N
¢=9.81 m/s* Fyper=may= Fopplicax— F=4.0x10°N=34x10°N=6x 10" N
i=0 F, 319N
v=0m/s =f= —— - =325kg
g 9.81m/s
F 6x10'N
= et - o =2 m/s’
m 32.5kg
Ax= 1/,-At+%axAt2
Because v;=0 m/s,
2Ax /(2)(4.00 m)
At = - = [~ =25
a, 2 m/s
Up=0.75 b. F.= u;F,=(0.75)(6.0 X 10° N) =4.5x 10° N
| Fi> Fopplied,x; the box will not move |
48. m=3.00k
" § a. Ax= z/iAt+%aAt2
6=30.0°
Because v;=0 m/s,
Ax=2.00 m
2Ax  (2)(2.00 m) 5
At=1.50s a—A—ll—W— 1.78 m/s
g=9.81 m/s b. F, .= mg(sin 6) = (3.00 kg)(9.81 m/s?)(sin 30.0°) = 14.7 N
v;=0m/s Fg,= mg(cos 6) = (3.00 kg)(9.81 m/s*)(cos 30.0°) = 25.5 N

F,=F,,=255N
ma, = Fg,x_ Fk = Fg,x_ ,uan
Fou—ma, _ 14.7N—(3.00 kg)(1.78 m/s?)

== — = 255N
147N-534N 94N
255N 255N

c. Fo=14F, = (0.37)(25.5N) =
d. I/f2= v+ 20, Ax

vp= \/1/,-2 +2a,Ax= \/(0 m/s)” + (2)(1.78 m/s?)(2.00 m) =

49. v; =12.0 m/s
At=5.00s

vy =6.00 m/s

vp=v; + alAt

vF—v; 6.00m/s—12.0m/s —6.0 m/s
a= = =

At 5.00s 5.00s
Fr=—-ma

F, -ma -a 1.2 m/s
Hi F, mg ¢ 9.8 m/s’
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50. F,=8820 N F, 8820 N
g =f= —— — =899kg
v;=35m/s g 9.8lmifs
Ax=1100 m I/f2= 1/,-2+ 2aAx=0
2
¢=9.81 m/s v —(35m/s)?
g UL ZOSMIT e e
2Ax  (2)(1100 m)
Fyper = ma = (899 kg)(~0.56 m/s?) = | =5.0 x 10* N
51. m,,, = 1250 kg a. Fpp = mga= (1250 kg)(2.15 m/s?) = 2690 N
Mipgiler = 325 kg Fhet = 2690 N forward
a=2.15 m/s* b. F,u = Mygiea= (325 kg)(2.15 m/s*) =699 N
Fpet = | 099 N forward
52. m=3.00kg Fy yax= MsFy
6=135.0° mg(sin 6) = u F+ mg(cos 6)]
1s=0.300 F= mg(sin 6) — pgmg(cos 6) _ mgsin 6— u(cos 6)]
g=9.81 m/s’ Hs Hs
(3.00 kg)(9.81 m/sz)[sin 35.0° — 0.300 (cos 35.0°)]
- 0.300
(3.00 kg)(9.81 m/s*)(0.574 — 0.246)  (3.00 kg)(9.81 m/s)(0.328)
- 0.300 B 0.300
F=| 322N
53. m=64.0kg At t=0.00s,v=0.00 m/s. At t=0.50 s, v=0.100 m/s.
—v; 0.100 m/s — 0.00 m/
a= TV s S .20 my/s?
=t 0.50s—10.00s
F=ma=(64.0 kg)(0.20 m/sz) =
At t=0.50s,v=0.100 m/s. At t=1.00 s, v=0.200 m/s.
ve—v;  0.200 —0.100
a= o m/s m/s =0.20 m/s’
fF—t 1.00s-0.50s
F=ma= (64.0 kg) (0.20 m/s?) =
At t=1.00s,v=0.200 m/s. At t=1.50 s, v=0.200 m/s.
a=0m/s’; therefore, F=
At t=1.50s,v=0.200 m/s. At t=2.00 s, v=0.00 m/s.
ve—=v; 0.00 m/s —0.200 m/
a= o s mS=—O.40m/s2
l’f—l’i 2.00s—1.50s
F=ma=(64.0 kg)(-0.40 rn/sz) =
I Ch. 4-10 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens

54. Fyppiica=3.00 X 10* N

Fe=122x10*N

¢=9.81 m/s?

Solutions

Foer= Fapplied_ FgSin 0=0

sin 0= Fapplied
Fg
2
Fappli 3.00x10° N
6=sin"! Zapplied) _ sin”! R -
Fg 1.22x10° N

Forces and the Laws of Motion, Standardized Test Prep

3. FX)IZSZN
F.,=-115N
F,;=565N
F,,=-236 N

Fyper=Fy + F =82 N-115N=-33N

Fyiper=Fy 1+ Fy ;=565 N =236 N=329 N

Fer= (Fynet)® + (Fynen)> =4/(=33 N)? + (329 N)?

Fer=1/1.09 X 10° N? + 1.08 x 10° N> =/1.09 x 10° N? =[ 3.30 x 10> N

4(F (329N . .
6=tan"![ 22| = tan![Z==—| = —84° above negative x-axis
net -33N

6=180.0°—84° = | 96° counterclockwise from the positive x-axis |

5. m=15x10 kg
Fry=75%x10°N

_ Fu 7.5%10°N
~m 15x10 kg

_wyp—v; (85 km/h— 0 km/h)(10° m/km)(1 h/3600 5)

=5.0% 1072 m/s®

— At
vp=85km/h a 5.0% 1072 m/s”
;=0km/h

6. Apply Newton’s second law to find an expression for the acceleration of the truck.
ma= Fg= UFy, = umg
a= g
Because the acceleration of the truck does not depend on the mass of the truck, the
stopping distance will be Ax regardless of the mass of the truck.

7.

V= \/I/i2+ 2aAx=0

a=—
2Ax
The acceleration will be the same regardless of the intial velocity.

a;=ay= g (see 6.)

2 2
Vi1 _ V2
2Ax 2Ax;
v; ZZAJC 1
Axy= —=—— where v;,=v;
Vi1
2
(27/1‘,1) Ax 1
sz = T = Z Ax
1,1
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10. m=3.00 kg Because the ball is dropped, v;=0 m/s
Ay=-176.4m Ay=3a,Af
F,=12.0N 2A 2)(-176.4

: e (B (IO (o

a,=-g=-9.81 m/s’ ay —9.81 m/s

11. m=3.00k F 120N
" § a,= = =4.00 m/s”
F,=23.0N m  3.00kg

At=6.00 s (see 10.)

_1 2_1 2 2_
Ax=1a, AP =1(4.00 m/s2)(6.00 5) =

12. g,=-g=-9.81 m/s?
Ar=6.00s (see 10.)
a,=4.00 m/s” (see 11.)

v,=a,At=(-9.81 m/s’)(6.00 s) = —58.9 m/s
.= a,At=(4.00 m/s*)(6.00 s) = 24.0 m/s

v=1/vd+1,°=/(24.0 m/s)? + (=58.9 m/s)*

v= \/576 m?/s* + 3470 m%/s* = \/4050 m?/s* = |63.6 m/s

I Ch. 4-12

16. m=10.0kg
F=150N
0=45.0°
U= 0.040
g=9.81 m/s?

Frety=Fy+ Fsin 0 —mg=0
F,=mg—Fsin 6

Fperx=Fcos 6 — Fy.= F cos 6 — i F,
Fpyetx=Fcos 0 — p(mg— Fsin 0)

F

net,x _

m m

Fcos 6 — u(mg— Fsin 6)

X

_ (15.0N)(cos 45.0°) — (0.040)[(10.0 kg)(9.81 m/s*) — (15.0 N)(sin 45.0°)]

X

10.0 kg
10.6 N — (0.040)(98.1 N - 10.6 N)  10.6 N — (0.040)(87.5 N)
a, = =
* 10.0 kg 10.0 kg
106 N-35N 71N 5
a,= = =0.71 m/s

10.0kg  10.0kg

a=a,=|0.71 m/s’

Holt Physics Solution Manual
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Student Edition Solutions

Work and Energy

Work and Energy, Practice A

Givens

1. F,,; =5.00x10° N
d=3.00 km
6=0°

Solutions

Wit = Eperd(cos 8) = (5.00 x 10° N)(3.00 X 10° m)(cos 0°) = | 1.50 x 107 J

2. 4=2.00m
6=0°
Fpe=350N

W0y = F,popd(cos 6) = (350 N)(2.00 m)(cos 0°) =

3. F=35N
6=25°
d=50.0m

W= Fd(cos 6) = (35N)(50.0 m)(cos 25°) =

4. w=20]
m=180g
g=9.81 m/s’
6=0°

w w 2.0]
d: = = =1.1
F(cos 6)  mg(cos ) (0.18 kg)(9.81 m/sz)(cos 0°)

Work and Energy, Section 1 Review

3. F,=150x10°N
Fapplied =345N

a. W,= Fappliedd(cos 0) = (345N)(24.0 m)(cos 0°) = | 8.28 X 10° ]

b. W, = Fd(cos ) =—Fytyd(cos 6)

0=0°
s W, = —(1.50 X 10° N)(0.220)(24.0 m)(cos 0°) =
= Um
M= 0.220 C. Wy =W+ W, =828x10°J+(-7.92x 10° J) = | 3.6 X 10* ]
4. m=0.075kg Wier = Fperd(cos 0) = (Fy — F)d(cos 6) = (mg— Fy)d(cos 0)
F=0.350N Wioer = [(0.075 kg) (9.81 m/s%) — 0.350 N](1.33 m)(cos 0°)
2
g=9.81 m/s Wier = (0.74 N = 0350 N)(1.32 m) = (0.39 N)(1.32 m) =
d=132m
0=0°

Work and Energy, Practice B

1. m=8.0x10"kg
KE=1.1x10"]

2KE 2)(1.1x 10°
v=_|—= /7( ) . D 7 %10 mrs
m 8.0 10* kg

Section One—Student Edition Solutions

I Ch. 5-1



Givens Solutions
2. m=0.145kg 2KE  [(2)(1097)
v= [T = [ =1388m/s
KE=109] m 0.145 kg
3.m;=3.0g KE;=3muf=5(3.0 x 10~ kg)(40.0 m/s)* =2.4 ]
v;=40.0 m/s KE, =5m,vy" =5(6.0 X 107 kg)(40.0 m/s)* = 4.8 ]
my=60g KE, 48] [2
v,=40.0 m/s KE, 24] |1
4. m=30g KE = tmyw 2 =1(3.0 107 kg) (40.0 m/s)* = [ 2.4
v;=40.0 m/s KE, = 21 3 )
o, =5myvy” =5(3.0x 107" kg)(80.0 m/s)"=19.6 ]
my,=3.0g
KE, 24] [1
v,=280.0 m/s ——— =17

KE, 9.6] |4

5. KE=4.32%10°]

v=23m/s

2KE (2)(4.32x 10° 7) 3
m= = =|1.6x10"k
2 (23 f]/S)Z

14

Work and Energy, Practice C

1. F,,;=45N Wnet:AKE:KEf_KEi
KEf =352] Wnet: Fnet d(COS 9)
KE;=0]
KEf— KE; 3527-0 352
6=0° d=—L—* J=0] I=
- Fpei(cos 6)  (45N)(cos0°) 45N

2. m=2.0x10"kg

W= AKE= KEy — KE; = smuy” = ymu;?

F;=1140N Wyet = Fpperd(cos 6) = (F; — Fy)d(cos 6)
F,=950N 1 2_ 2
T =r) (20107 kg) [(2.0 mis)? - (0 m/s)?]
vy =2.0m/s (F;—F,)(cos 6) (2)(1140 N — 950 N)(cos 0°)
v;=0m/s
3 2,2
0=0° e (2.0x 107 kg)(4.0 m~/s~) _

(2)(190 N)

3. m=2.1x10"kg

Wei= AKE= KEf — KE;=3mvg* — 3mv;’

6=120.0° W,ier = Fer d(cos 6”)

Fr=40x10°N Fppor = mg(sin 6) — F;

g=9.81 m/s? [mg(sin 6) — Fi]d(cos ") = %m(yfz - 1/,-2)
vy =3.8m/s Simplify the equation by noting that
v;=0m/s v;=0m/sand 6’ =0.

6 =0°

1 2
2y (2.1x10° kg)(3.8 m/s)?

mg(sin 6) — F,  (2)[(2.1 x 10° kg)(9.81 m/s>)(sin 20.0°) — 4.0 X 10° N]

(2.1 10° kg)(3.8 m/s)* (2.1 % 10° kg)(3.8 m/s)*
d= = =(5.1
(2)(7.0x 10° N — 4.0 x 10° N) (2)(3.0x 10° N)

I Ch. 5-2 Holt Physics Solution Manual
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Givens Solutions
1 1
4. m=75kg W,er= AKE= KEf — KEj= smug® — 3 mu’

d=4.5m
Wt = Fperd(cos 6)

=6.0m/
”f_o /ms A =Y) (5 kg) (6.0 mis) = (0mis)] (75 kg) (36 msY)
e T dcos 6) (2)(4.5 m)(cos 0°) T @5m)
6=0°

Work and Energy, Practice D

1. k=52N/m 1, 2 1 2
PE = 1kx? =1(5.2 N/m) (112 m)? = | 3.3 ]
x=3.57m-2.45m
=1.12m

2. k=51.0N/ =
" PE =1kx? =1(51.0 N/m)(0.035 m)? =

x=0.150m-0.115m

=0.035m
3. m=40.0kg a. PE, = mgh, = (40.0 kg)(9.81 m/s%)(2.00 m) =
h;=2.00m
7=9.81 m/s? b. h,=(2.00 m)(1 — cos 30.0°) = (2.00 m)(1 — 0.866)

hy=(2.00 m)(0.134) = 0.268 m
PE2 = mghz
PE, = (40.0 kg)(9.81 m/s?)(0.268 m) = | 105 ]

¢. h3=2.00 m—2.00 m=0.00 m
PE3 = mgh3
PE;=(40.0 kg)(9.81 m/s*)(0.00 m) = [ 0.00 ]

Work and Energy, Section 2 Review

1. =42 cm/s KE = mv* =5(50.0 x 10 kg)(0.42 m/s)* = [ 4.4x 107 ]

m=50.0g
2. m=0.75kg Wier= AKE= KE; — KEj= 3 muf =3 mu?
d=12m
W,per = Feid(cos 0) = Fd (cos 6) = pymgd(cos 6)
Up=0.34
v =0m/s emgd(cos 6) :%m(vfz - l/iz)
2
g=9.81m/s vi= "V = 2gd(cos 6) = V(0 m/s)” - (2)(0.34)(9.81 m/s”)(1.2 m)(cos 180°)
6=180°

1=V (2)(0.34)(9.81 m/s2)(1.2 m) =
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3. h=21.0cm
¢=9.81 m/s>
m=30.0g

Solutions

PE,= mgh=(30.0 X 10~ kg)(9.81 m/s*)(0.210 m) = [ 6.18 X 10™* ]

Work and Energy, Practice E

1. v;=18.0m/s PE; + KE; = KE;
m=2.00 kg mgh; +%mvi2=%m1/f2
h;=5.40m vp=~/2gh; + 177 = /(2)(9.81 m/s?)(5.40 m) + (18.0 m/s)>
g=9.81 m/s’
vp= \/106 m?/s? + 324 m?/s* = \/4.30 x 10% m?/s> =20.7 m/s =
2. F,=755N PE; = PE; + KE;
hi=10.0m mgh; = mghy +%m1/f2
hy=5.00m
- , vp =+/2gh; — 2ghy = /(2)(9.81 m/s?)(10.0 m) — (2)(9.81 m/s>)(5.00 m)
g=9.81m/s
vp =4/196 m%/s? - 98.1 m%/s? = /98 m%/s? = 9.90 m/s
diver speed at 5 m = vy =
hf =0m PE,' = KEf
mgh; = %mufz
vp =+/2gh; =+/(2)(9.81 m/s?)(10.0 m) = 14.0 m/s
diver speed at 0 m = vy =
3. h;=10.0m PE; + KE; = KEf
g=9.81 m/s2 mgh; +%mvi2=%m1/f2
v;=2.00 m/s
' vp =+/2gh; + 17 =/(2)(9.81 m/s?)(10.0 m) + (2.00 m/s)?
vp =4/196 m%/s? + 4.00 m%/s? = 1/2.00 x 10> m?/s> = 14.1 m/s =
4. v;=22m/s KE;= PEy
¢=9.81 m/s?

%mv,—zz mghf
2 2
; 2.2
. :i: (7m/8)2 =10.25m
2¢  (2)(9.81m/s?)

I Ch. 5-4 Holt Physics Solution Manual
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5. yy=19m/s PE;= KE¢

¢=9.81 m/s* L,
mgh;= smuy

2 2

vf (1.9 m/s)
h-:—:—=-0.18
"T2g (2)(9.81 m/s?) H

Work and Energy, Section 3 Review

1. x=-8.00 cm Taking the compressed spring as the zero level, h = —x =8.00 cm.
k=80.0 N/m PEelastic,i = Png + KEf
_ 2
§=9.81 m/s %kxzzmgh+%m1/f2

m=50.0g 2 2
vy = \/ki —2gh= \/ (80.0 N/ m)(_O'(S)SOO m)” _ (2)(9.81 m/s>)(0.0800 m)
m (50.0 x 10 kg)

vp = 4/10.2 m%/s> — 1.57 m?/s> = /8.6 m?/s> = | 2.93 m/s

Work and Energy, Practice F

Copyright © by Holt, Rinehart and Winston. All rights reserved.

1. Myjpyaror = 1.0 X 10° kg M= Mylpyator + Mioad= 1.0 X 10° kg + 800.0 kg = 1.8 x 10” kg
Mioad = 800.0 kg P=Fv=(Fy+ F)v=(mg + F)v
3
Fp=4.0x10"N P=[(1.8 x 10° kg)(9.81 m/s>) + 4.0 x 10° N](3.00 m/s)
v=3.00 m/s P=(1.8%10* N + 4.0 x 10° N)(3.00 m/s)
=9.81 m/s?
g m/s P=(2.2% 10* N)(3.00 m/s) = 6.6 x 10* W = | 66 kW
2. m=150x 10’ kg For vj=0m/s,
— 1%
vp=18.0 m/s Ax:%VfAt a=
At
v;=0m/s
myf+F LueAt
= — SV,
At=120s o W_FAx_(ma+F)Ax_ |\ At 2
F,=400.0N CAt A At At
1.50 x 10° kg)(18.0 m/
I DUBOmIS) | \nooN 1(18.0m/s)(12.05)
| 12.0's
P=
12.0's
(2250 N +400.0 N)(18.0 m/s)(12.0'5)
B (2)(12.0's)
2650 N)(18.0
pol )18.0m/s) =[2.38x 10" W, or 23.8 kw

2
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3. m=2.66x10" kg

Solutions

W mgd (266 %107 kg)(9.81 m/s>)(2.00 x 10° m) S
Ar= — = "84 _ =12.61x10%s
P 2.00%10°W

P =2.00 kW
d=2.00km or (2.61 x 10% 5)(1 h/3600 s)(1 day/24 h)(1 year/365.25 days) =
g=9.81m/s
7
4. P=19kW W  6.8x10"] 3
At=—=—————=136%x10"s

or (3.6 x 10° s)(1 h/3600 s) =

5. m=1.50 x 10° kg
vf=10.0 m/s
v; =0m/s

At=3.00s

a. W, = AKE= KE; - KE; = ymug® —smu? =3m (vf - ;%)
Wier =5(1.50 x 10° kg)[(10.0 m/s)> — (0 m/s)?]

et =[]

W 7.50x 10*
b. P=— =7I=|2.50>< 10* W or 25.0 kW |
At 3.00's

Work and Energy, Section 4 Review

1. m=50.0kg W mgh  (50.0 kg)(9.81 m/s%)(5.00 m)
At=—=—2"= =[12.3s

h=5.00m P P 200.0 W
P=200.0W W = mgh = (50.0 kg)(9.81 m/s?)(5.00 m) =
g=9.81 m/s’

2. m=350.0kg P= Fu=mgv=(50.0 kg)(9.81 m/s?)(1.25 m/s) =
h=5.00m
v=1.25m/s W= mgh=(50.0 kg)(9.81 m/s®)(5.00 m) =
g=9.81m/s

Work and Energy, Chapter Review

7. m=45kg
d;=12m
d,=73m
g=9.81 m/s*
6,=0°
6,=90°

Wperson = Fg[dl(cos 0;) + dy(cos 60,)]
Wherson = mgld;(cos 0°) + dy(cos 90°)] = mgd,;

Woperson = (4.5 kg) (9.81 m/s?)(1.2 m) =

W,

ravity = —Fgldi(cos 6;) + d(cos 6,)]

Weravity = —mgld;(cos 0°) + dy(cos 90°)] = —mgd,
Wravity = (4.5 kg) (9.81 m/s?)(1.2 m) =

8. m=8.0x10 kg
Aper=1.0 m/s?
d=30.0m
0=0°

Wier = Frerd(cos 6) = maye,d(cos 6) = (8.0 x 10° kg)(1.0 m/s*)(30.0 m)(cos 0°)

w- [y

I Ch. 5-6 Holt Physics Solution Manual
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9. F=475N W = Fd (cos 6) = (475 N)(0.100 m)(cos 0°) = [47.5]

6=0°
d=10.0cm

10. F=700N a. W) = Fypiicad(cos 0) = (40.0 N)(253 m)(cos 52.0°) = [ 6.23 x 10° ]|
Fopplied = 40.0N
d=253m b. Because the bag’s speed is constant, Fy = —Fpylieq(cos 6).
0 =52.0° W, = Frd = =Fpplieq(cos 8)d = —(40.0 N)(cos 52.0°)(253 m) = —6 23%10°]

o B ~Frappliea(c0s 6) _ ~(40.0N)(cos 52.0°) v
- Mk F,  ~Fg+Fyappliea  =70.0 N+ (40.0 N)(sin 52.0) -

14. v;=5.0m/s
v, =25.0m/s

1
KEI 7111/12 KE2 = EI’HZ/ZZ

1 2
KE;, >™1° v (5.0m/s)® 25 [T

KE, 1__ 2 w2 (25. 2 65 |2
> L vy”  (25.0m/s) 625 5

16. Scenario 1:
v;=50.0 km/h
Ax;=35m
Scenario 2:

v5=100.0 km/h

Assuming that the cars skid to a stop, AKE = KE;
KE; = ymu;* =3m(50.0 km/h)* = m(1.25 x 10° km?/h?)

KE, = muy* = 5m(100.0 km/h)? = m(5.000 x 10° km?/h?)

2
The work done by the brakes is given by:
Wrake = Fpraked
Assuming that the braking force is the same for either speed:
Wi = Fprae (35 m)
W= Fprake Axz

The work required to stop the vehicle is equal to the initial Kinetic Energy
(Work—Kinetic Energy Theorem). Take the ratio of one to the other to get:

AKE, W,
AKE;, W,

m(5.000 x 10° km?/h?)  FparelAxs
m(1.25 x 10° km?/h?)  Fpare(35 m)

5.000 x 10° km?/h* 4 Ax,
125x10°km*h> 1 35m

A= (35 m) - 120 ]

19. m=1250k
m 8 KE = 3mv* =3(1250 kg) (11 m/s)? = | 7.6 x 10*]
v=11m/s
20. m=055¢g 2KE  [(2)(7.6 x 101)) -
4 = —_— = —_3= 1.7 x 10 m/s
KE=7.6x10"] m 0.55 x 107" kg
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21. m=50.0 kg Wiet= AKE= KEp — KE; = -KE;
F,=1500 N The diver’s kinetic energy at the water’s surface equals the gravitational potential en-
p ergy associated with the diver on the diving board relative to the water’s surface.
=50m
9.81 m/s? KE;= PE,=mgh W,ot = F,.e1d(cos 0) = F,d(cos 6)
g=9.81m/s
F,d %) 1500 N)(5.0 180°
KE;=0] h rd(cos ):( )(5.0 m)(cos : )=15m
—-mg —(50.0 kg)(9.81 m/s”)
6=180°
total distance=h+d=15m+5.0m=
22, ;= 4.0 m/s Wie = AKE= KEf — KE;=3muf —smu
v =0m/s W et = Fpeid(cos 67)
= 2 °
0=25 For=mg(sin 6) + F.= mg(sin 6) + pmg(cos 6)
m=20.0 kg
=020 W et = mg[sin 0+ ty(cos 6)]d(cos 0”)
k=Y.
g=9.81 m/s> !
, . _ (v - v;?) _ vi+uf
6"=180 mg[sin 0+ wy(cos 6)](cos 0”) 2 g[sin O+ wy(cos 6)](cos €)
- (0 m/s)* — (4.0 m/s)*
B (2)(9.81 m/sz)[sin 25°+(0.20)(cos 25°)](cos 180°)
~16 m%/s* 8.0 m?/s’
—(2)(9.81 m/s?)(0.42 +0.18)  (9.81 m/s°)(0.60)
23. h,=10.0m 2 3
a. PE, = mgh, = (55 kg)(9.81 m/s>)(10.0 m) =
m =55kg
, PEg = mghy = (55 kg)(9.81 m/s?)(0 m) =
B= 0m
APE=PE, — PEg=5400] — 0] =
ha=0m b. PE, = mgh, = (55kg)(9.81 m/s*)(0 m) =
hg =-10.0 m
p PEg = mghg = (55 kg)(9.81 m/s)(~10.0 m) =
APE= PE, — PEg =0 — (5400 J) =
hy=50m C. PE, = mgh, = (55 kg)(9.81 m/s?)(5.0 m) =
hg=-5.0m
b PEg = mghg = (55 kg)(9.81 m/s”)(~5.0 m) =
APE= PE, — PEg = 2700 — (~2700]) =
24. m=2.00kg a. PE = mg(~h;) = (2.00 kg)(9.81 m/s?)(~1.00 m) =
h;=1.00m
7y =3.00 m b. PE = mg(h, — h;) = (2.00 kg)(9.81 m/s*)(3.00 m — 1.00 m)
h;=0m PE = (2.00 kg)(9.81 m/s?)(2.00 m) =

c. PE=mgh; = (2.00 kg)(9.81 m/s%)(0 m) =
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25. k=5000N/m a. PE =1kx,> =1(500.0 N/m)(0.0400 m)* = |0.400]
x;=4.00 cm
X, =-3.00 cm b. PE =kx,> =3(500.0 N/m)(=0.0300 m)” = | 0.225 ]
x3=0cm

¢. PE=1kxs* =1(500.0 N/m)(0 m)? =

33. m=50.0kg PE;= KEf
h=734m i mgh=%m1/f2
=9.81
g=981mls vy =V2gh="V(2)(9.81 m/s>)(7.34m) =
34. h=300m a. PE; = KE;
v; =0m/s mgh,-z%mz/fz
6=137.0°
vp =+/2gh; =/2gh(1 — cos 6) =+/(2)(9.81 m/5?)(30.0 m)(1 - cos 37.0°)
vp =4/(2)(9.81 m/s%)(30.0 m)(1 - 0.799)
vp =+/(2)(9.81 m/s?)(30.0 m)(0.201) = | 10.9 m/s
v;= 4.00 m/s b. PEI + KEZ = KEf
mgh; + % rnz/i2 = %mz/fz
vp =+/2gh; + 12 =1/(2)(9.81 m/s?)(30.0 m)(0.201) + (4.00 m/s)?
vp=4/118 m%/s? + 16.0 m%/s? = /134 m¥/s> = [ 11.6 m/s
_ 1% 6.40 X 10°
35. P=50.0 hp - - X Ih (1725
W= 6.40% 10° ] (50.0 hp)(746 W/hp)
1hp=746 W
m W _Fd mgd m
36. rate OfﬂOW_A_t SN AL AL _Atg
=1.2x10% kg/s . ) ;
P= (1.2 x 105 kg/s)(9.81 m/s2)(50.0 m) =
d=50.0m
g=9.81 m/s’
37. m=215¢g a. PE, = mgh, = (215 x 10~ kg)(9.81 m/s%)(0.300 m) =
hjy=30.0 cm
b. KEg=PE,=0.633]
hB =0cm B A
hc=§(30.0 cm) c. KEg = %mi/2

2
§=98lm/s 2KE (2)(0.633))
" .
= = = 2.43
O N FSFIT=

d. PEc = mghc = (215 107 kg)(9.81 m/s*)(3)(0.300 m) =

KE¢ = KEp — PEc=0.633 ] — 0.422 ] = | 0.211]
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38. F,=700.0N
Wiy = AKE= KE; — KE;= KEy = muf ={ 22,2
d=25.0 cm net= T AREFTAE= f—zm’/f—zg’/f
Fupward: ()35 N) Woer = Fpesd(cos 6) = (Fupward - Fg)d(COS 0)
KE;=0] ;
g=9.81 In/S2 é(gg )sz = (Fupward - Fg)d(cos 0)
6=0° _ zg(Fupwurd_ Fg) d(cos 6)
Vf = F
8
[(2)(9.81 m/s*)[(2)(355 N) — 700.0 N(0.250 m)(cos 0°)
EARY, 700.0 N
[(2)(9.81 m/s*)(7.10 X 10* N — 700.0 N)(0.250 m)
EARRY/ 700.0N
[(2)(9.81 m/s*)(1.0 x 10" N)(0.250 m)
AR 700.0 N =
39. m =50.0kg KE; = PE; + KEf
v; =10.0 m/s %min = mgh +%m1/f2
vp=1.0m/s , vi=v  (10.0m/s)> = (1.0m/s)>  1.00x 10% m%/s® — 1.0 m?/s?
2 = = =
g=9.81m/s 2¢ (2)(9.81 m/s?) (2)(9.81 m/s?)
99 m?/s’
h=———" =150
(2)(9.81 m/s?)
40. F,=80.0N Wt = AKE
d=20.0m W,yet = Fperd (cos 0°) = F,,,d
0 =30.0° AKE = Fnetd = (Fapplied - Fk_ Fg,d)dZ [Fapplied - ,Lthg(COS 9) - Fg(sil’l 9)]61
Fopplied = 115N AKE = [115 N — (0.22)(80.0 N)(cos 30.0°) — (80.0 N)(sin 30.0°)](20.0 m)
Up=0.22 AKE = (115N = 15 N — 40.0 N)(20.0 m) = (6.0 x 10" N)(20.0 m)
2
g=9.81 m/s AKE:
0’ =0°
41. m,,, =130.0kg For the first half of the swing,
h;=5.0m PE;=KE;
6=30.0° Myoigh = %mtotz/fz
my =50.0 kg vp=~/2gh=1/2gh;(1 - sin 6) =+/(2)(9.81 m/s?)(5.0 m)(1 — sin 30.0°)
¢=9.81 m/s? vp =4/(2)(9.81 m/s?)(5.0 m)(1 - 0.500) = /(2)(9.81 m/s)(5.0 m)(0.500)
v = 7.0 m/s
For the second half of the swing,
KEr= %mTz/fz = %(mmt - m])z/f2 = %(130.0 kg —50.0 kg)(7.0 m/s)?
KEr =5(80.0 kg)(7.0 m/s)*=2.0 x 10° ]
KET = PEf = nghf
KEr 2.0x10°]
h = —= = 25 m
! mrg  (80.0 kg)(9.81 m/s?)
Holt Physics Solution Manual
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42. m=0.250 kg PEelustic,i = PEg,f
k=5.00 % 10° N/m 2o = mgh
x=-0.100m ,_ ke _ (500107 N/m)(-0.100 m)’
== = .M
¢=9.81 m/s* 2mg  (2)(0.250 kg)(9.81 m/s2)
44. m=0.60kg a. KE, = %mzxAz = %(0.60 kg)(2.0 m/s)2 = m
va=2.0m/s
KEp=75] b. KEy=5muy’
RKE;  [(2)(7.57)
Up = = =15.0m/s
B m 0.60 kg -
€. Wy =AKE=KEz —KE;=7.5]—12]=
45. m=5.0kg a. Wity = Fgad(cos 0”) = Fy gd = mg(sin 0)d
d=2.5m Werayity = (5.0 kg) (9.81 m/s?)(sin 30.0°)(2.5 m) =
6=30.0° _
b. Wfriction =AME= KEf— PE,‘ = Emyf - mghi
At=20s .
d=Ax==(v;+ v)At
=9.81 m/s> 2T
g m/s 2 2d
o ot Ll
6’=0 Foar A
v;=0m/s h;= d(sin 6)
2
1 (2d .
AME:Em(Kt) — mgd(sin 0)
2
2)(2.5
AME = %(5,0 kg)[%} — (5.0 kg)(9.81 m/sz)(2.5 m)(sin 30.0°)
Us
AME = Wicsion=16] 61 =
6’ =90° . Wormar= Fd(cos 6")mg(cos 6)d(cos 8”)

cos 6 =cos 90° =0, so

Wiormal =
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46. m=70.0kg W= Fd(cos 0") = Fd(cos 0°) = Fd = mg(sin 6)d
6=35° W= (70.0 kg)(9.81 m/s?)(sin 35°)(60.0 m) =
o =0°
d=60.0m
g=9.81 m/s*
47. h;=50.0m a. PE; = PE+ KE;
hy, =10.0 m mgh; = mgh, + %mr/fz
g=981 m/s* vp =+/2gh; = 2ghy =/2g(h; = hy) =+/(2)(9.81 m/s?)(50.0 m — 10.0 m)
6 =45.0°
v;=0m/s vp =4/(2)(9.81 m/s?)(40.0 m) = | 28.0 my/s
b. At the acrobat’s highest point, v,=0m/s and v, = (28.0 m/s)(cos 45.0°).
PE; = PE; + KE;
mgh; = mghg + %mz/f,xz
= ghi— v, _ (081 m/s?)(50.0 m) — [(282.0 m/s)(cos 45.0°)]?
g 9.81 m/s
4.90 x 10> m*/s* — 196 m*/s* 294 m%/s’
= 08l /2 = 981 m/s2 = | 30.0 m above the ground|
48. m=10.0kg a. For slide down ramp,
d;=3.00m PE;= KE;
6=30.0° mgh= Lo
j%:os.oo m P Y vy
gl: 9.81 m/s> v ="V/(2)(9.81 m/s)(3.00 m)(sin 30.0°) =
KEf: 0] b. For horizontal slide across floor,
6’ =180° W,e = AKE = KEf— KE; = —KE;
W,er = Frdy(cos 6)
= wmgds(cos 0”)
KE; of horizontal slide equals KE; = PE; of slide down ramp.
—PE; = —mgd(sin 6) = tmgd,(cos 0”)
Hi= dilc(jsn;; - ((53..000O nril))((csclfsl 13:3)00)) = [2200
KE=0] ¢. AME= KE; — PE;=—PE;=—mgh=—mgd,(sin 6)

AME = ~(10.0 kg)(9.81 m/s2)(3.00 m)(sin 30.0°) =
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49. k=105N/m Wit = AKE = KEy — KE;=—KE; = ~PE,=—>
m=2.00kg W10 = Fxd(cos 6) = pmgd(cos 6) — pmgd
=-0.100
* m %kx2 = upmgd
d=0.250 m 5 )
kx (105 N/m)(—0.100 m)
= 2 = = =(0.107
g=9-81m/s M= S ngd ~ (2)(2.00 kg)(9.81 m/s?)(0.250 m)
KE;=0]
0=180°
50. m=5.0kg a. Because v is constant,
6=30.0° Ey per=F(sin 0) — uF,— mg=0
6’ =0° Fy yet=F(cos 8) —F,=0
d=3.0m F,,=F(cos 6)
L. =0.30 F(sin 0) — uiF, = mg
g=9.81 m/s’ F(sin 6) — uiF(cos 6) = mg
- mg
sin 0 — 1 (cos )
Upward component of Fis parallel and in the same direction as motion, so
in 0)d 5.0 kg)(9.81 m/s%)(sin 30.0°)(3.0 m
W= F(sin 0)d = |[——>———— mg(sin 6)d_) _ ( .g)( i ) JGom)
sin 0 — 1 (cos ) sin 30.0° — (0.30)(cos 30.0°)
Wy (5:0kg)(9.81 m/s”)(sin 30.0°)(3.0 m)
- 0.500 — 0.26
_ (5.0kg)(9.81 m/s*)(sin 30.0°)(3.0 m)
- 0.24
-
6’ =180° b. W, = Fyd(cos ") = —mgd=—(5.0 kg)(9.81 m/s>)(3.0 m) =

c. F,=F(cos 0) = (

mg (5.0kg)(9.81 m/sz)(cos 30.0°)
—— = |(cos 0) =
sin 0 — 1 (cos )

sin 30.0° — (0.30)(cos 30.0°)

o (5.0 kg)(9.81 m/s*)(cos 30.0°) (5.0 kg)(9.81 m/s)(cos 30.0°)
" 0.500 — 0.26 - 0.24

F,=|1.8 X 10*N
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51. m=25kg a. h=L(1 —cos ) =(2.0m)(1 — cos 30.0°) = (2.0 m)(1 —0.866) = (2.0 m)(0.134)

L=20m PE, 0 = mgh = mgL(1 — cos 6) = (25 kg)(9.81 m/s*)(2.0 m)(0.134)
6 =30.0° PE, .-
g=9.81 m/s*
b. PE; = KEf
mgh =%m1/f2

vp=+/2gh =/(2)(9.81 m/s?)(2.0 m)(1 ~ cos 30.0°)
vp=+/(2)(9.81 m/s?)(2.0 m)(0.134) = | 2.3 m/s

. ME=PE;+KE;=66]+0]=66]]

v =2.00 m/s d. AME = KE; — PE; =3mu;” — PE; =3(25 kg)(2.00 m/s)* — 66 ]

AME = (5.0% 10" J) — 66 ] =

52. m=522¢g a. PE;= PEf + KEf
h;=1.25m mgh = mgh, +%mr/2
_ 2
v;=0m/s h=h2+1/—
g=9.81m/ s 28
Ax=1.00m Choosing the point where the ball leaves the track as the origin of a

coordinate system,
Ax
Ax = vAt, therefore At =—
v

Ay = —%gAtz

At Ay =-1.25 m (ground level),

Ax .
Ayz—z
g (9 81 m/sz)(l 00 m)*
=1.98 m/s
ZA), -1.25m)

1.
h= h2+—_125 M:1.25m+0.200m
2g (2)(9.81 m/s?)

b. v= (See a.)

c. KEy = PE

%ml/fz =mgh

[

vp=~/2¢h =+/(2)(9.81 m/s?)(1.45 m) = | 5.33 m/s
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3. ME; =600 m]J AtAt=6.0s, MEy =500 m]

AME = MEf — ME; = 500 mJ — 600 mJ = | 100 m]J

Copyright © by Holt, Rinehart and Winston. All rights reserved.

4. m=75g At At =4.5s, KE =350 m]
L2
KE=5mv
[2KE  [(2)(350x 107°])
v= |[—= |[——————=|3.1m/s
m 75% 10 kg
5. m=75¢g PE, 05 = 600 mJ = mgh,,,.
2
§=9.81m/s PE, s 600x 107 ]
Homax = = - —=[0.82m
mg (75x 1077 kg)(9.81 m/s”)
6. m=2.50x 10" kg Wher=AKE= KEy — KE;
W, =5.0K] Because v;=0 m/s, KE;=0],and W,,,;= KEs= %mvfz.
d=250m \/2wm \/(2)(5.0>< 10°))
v;=0m/s m 2.50% 10" kg -
6=0°
7. m=70.0 kg AME = KE; - KE;
v;=4.0 m/s AME :%mny_%min:%m(ny_ 1/,-2)
vp=0mls AME =1(70.0 kg)[(0 m/s)? - (4.0 m/s)*] = [-5.6 x 107 ]
8. m=70.0kg W=AME =—5.6 x 10%]
Ui =0.70
g=9.81 m/s’ d= w — w — w
Fi(cos )  F,uy(cos )  mgu(cos 0
0= 180.0° k(cos 6)  Fyylcos )  mgy(cos 6)
-5.6x 107
O [i3m]
(70.0 kg)(9.81 m/s*)(0.70)(cos 180°)
9. k=250 N/m Lx?
PE Ratio= PEelasticZ_ zkxz
=0.075kg ™ I
my=U. elasticl 5 kx;
x;=0.12m . x22
PE Ratio=—=
Xy = 0.18 m x12

asm? (3)
PE Ratio=""2m _ (2} _|2
©012m? |2 |4
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10. k=250 N/m Since F is negligible, and the PE,j; will be converted into KE. KE,:KE; will
provide the velocity ratios.
m,=0.075kg 1 s
. KE2 E mv; 1/22
x;=0.12m KE Ratio=-—==T——>="5
1 ymv v
x=0.18 m vy
KE Ratio = PE Ratio =—
vy
vy - 9
—=+/PERatio= _[-
vy 4
%) _ 3
vy 2
11. m=66.0 kg Find PEgined
At=44.0s PE= mgh=(66.0 kg)(9.81 m/s*)(14.0 m)
h=14.0m W=PE=9.06x10"]

3
W 9.06x10"]
=9.81 m/s2 P=—=———-=|206W
& At 44.0s

12. m=75.0 kg PEi:KEf
L2
¢=9.81 m/s* mgh=3my
’ 5 2mgh
Vf 272 2gh
h=1.00 m
13. m=750kg vp=/2gh=1/2(9.81 m/s)(1.00 m) = /19.6 m?/s’
§=9.81 m/s’ vf=
h=1.00 m
14. m=50kg Woravity = APE = mgh = (5.0 kg)(9.81 m/s>)(25.0 m) =
h=250m
g=9.81 m/s’
16. v; =17 m/s AKE= KE; - KE;

KEf = AKE + KE; = AKE +ymv;* = 1200 ] +3(5.0 kg)(17 m/s)*

KEf=1200]+720]=[1.9x10°]
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17. 6=10.5°
d;=200.0 m
Hk=0.075

g=9.81 m/s>

KE;;=0]

KEyf=0]

Solutions

For downhill slide,

Wie,1 = AKE; = KE; — KE, ;= KEy ¢

Wier,1 = Fnet,ldl(cos o)

Fe,1 = mg(sin 6) — Fy= mg(sin 0) — uymg(cos 6)

Because F,,,; ; is parallel to and in the forward direction to d}, 6" = 0°, and

Wier,1 = mgd;[sin 0— pi(cos 6)]
For horizontal slide,
Wnet,Z = AKEZ = KEz)f— KEZ,i = _KEZ,i

Wiet,2= Fper 2d5(cos 0”) = Fyd(cos €) = ppmgdy(cos 0”)

Because F,,; » is parallel to and in the backward direction to d,, 8" =180°,
and Wnet,Z = _:ukmgdZ

For the entire ride,
mgd;[sin 60— py(cos 0)] = KE; r — ymgd,=—KE,;
Because KE; y= KE;;, mgd,[sin 6— py(cos )] = uymgd,

d;[sin 68— u(cos )]
Hic

d2:

4 (2000 m)[(sin 10.5 %) = (0.075)(cos 10.5%)] _ (200.0 m)(0.182 ~0.074)
2" 0.075 N 0.075

(200.0 m)(0.108)
dy=——=(290m
=0
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Momentum
and Collisions

Momentum and Collisions, Practice A

Givens Solutions
1. m=146kg p =mv=(146 kg)(17 m/s south)
v=17m/s south p=|2.5>< 10° kgem/s to the south|
2. m;=21kg A. Prot = My V = (m;+ my)v=(21 kg + 5.9 kg)(4.5 m/s)
my=5.9 kg Prot = (27 kg) (4.5 m/s) = | 1.2 x 10? kgem/s to the northwest |

v =4.5m/s to the northwest

b. p; =m;v=(21kg)(4.5m/s) = | 94 kgem/s to the northwest |

C. pp =myv=(59kg)(4.5m/s) = | 27 kgem/s to the northwest |

3. m=1210k 5.6 x 10* kgem/
" 8 v=£:¢: 46 m/s to the east
1210 kg

p=5.6x10*kgem/s to m
the east

Momentum and Collisions, Practice B

1. m=0.50k — mvj 0.50 kg)(0 —(0.50 kg)(15
m g po e myi ( g)(0 m/s) — ( 2)(15 m/s) to the right
v; = 15 m/s to the right At 0.020s
At=0.020 s F=-3.8x 10° N to the right
vg=0m/s F:|3.8>< 10° N to theleft|
2. m=82kg vp = 1/20Ay = /(2)(-9.81 m/s?)(~3.0 m) = £7.7 m/s = ~7.7 m/s
Ay=-3.0m
For the time the man is in the water,
At=0.55s
v;="7.7 m/s downward =—7.7 m/s vg=0m/s
v;=0m/s
4= —9.81 m/s> FoVET Vi (82 kg)(0 m/s) — (82 kg)(=7.7 m/s) S 11x10°N
At 0.55s
F=|11x10°N upward
3. m=0.40kg Ap = mvg— mvy = (0.40 kg)(—22 m/s) — (0.40 kg)(18 m/s)

v; =18 m/s to the north
=+18 m/s Ap =—-8.8 kgem/s — 7.2 kgem/s = —16.0 kgem/s

vg =22 m/s to the south
=-22m/s Ap = | 16 kgem/s to the south
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4. m=0.50 kg
F; =3.00 N to the right
At;=1.50s
Vi1 =0m/s

F, =4.00 N to the left
=—4.00 N

At =3.00s

vi,2 = 9.0 m/s to the right

Solutions

FiAt;+mvyp  (3.00 N)(1.50 s) + (0.50 kg)(0 m/s)
m 0.50 kg

a. vg =

vg1 = 9.0 m/s = 9.0 m/s to the right

b FoAty) + mviy  (—4.00 N)(3.00 s) + (0.50 kg)(9.0 m/s)
. Vgy= =
b2 m 0.50 kg

—12.0 kgem/s +4.5kgem/s  —7.5kg.m/s
0.50 kg ~ 050kg

Vg = | 15 m/s to the left

Viy = =-15m/s

Momentum and Collisions, Practice C

1. m=2240kg

v; =20.0 m/s to the west,
v;=-20.0 m/s

Vf=0

F=8410 N to the east,

_Ap  mvg—mv;
F F

a. At

(2240 kg)(0) — (2240 kg)(—20.0 m/s) _ 44 800 kgem/s
(8410 N) 8410 kgem/s’

F=+8410 N
b. Ax=%(1/i+ vp)At
Ax=3(~20.0 m/s —0)(5.33 s)
Ax=|-53.3 m or 53.3 m to the west
2. m=2500 kg _ FAt+ mv;  (=6250 N)(2.50 s) + (2500 kg)(20.0 m/s)

a. vp=

v; =20.0 m/s to the north m 2500 kg
=F20.0mis (-1.56 x 10" kgem/s) + (5.0 x 10" kgem/s) 3.4 x 10* kgem/s
Vg= P - ——
F=6250 N to the south f 2500 kg 2500 kg
=—-6250 N
At=2.50s vi=14m/s= | 14 m/s to the north|
b. Ax =3(v; + v) (A7) =5(20.0 m/s + 14 m/s)(2.50 )
Ax = %(34 m/s)(2.50 s) = [42 m to the north
mvg—mv; (2500 kg)(0 m/s) — (2500 kg)(20.0 m/s)
=0m/ c. At = = =805
' e F —6250 N -
3. m=3250kg . poTVET MY (3250 kg)(0 m/s) — (3250 kg)(~20.0 m/s)
v; =20.0 m/s to the west At 5.33s
=-20.0m/s F=122x10*N=|1.22x 10" N to the east
vi=0m/s
At=5.33s

b. Ax =5(v; +vp)(Af) =3(~20.0 m/s + 0 m/s)(5.33 5) =—53.3 m

Ax = |53.3 m to the west

I Ch. 6-2 Holt Physics Solution Manual
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Momentum and Collisions, Section 1 Review

Givens Solutions
2. m;=0.145kg a. mv;=myv,
=3.00 3.00 X 107 ke)(1.50 x 10°
"2 & py=m2tz L il 075 (310 mis
v, =150 x 10° m/s my (0.145 kg)

b. KE; =3mv;> =3(0.145 kg)(31.0 m/s)* = 69.7 ]

KE, =3myu;* =3(3.00 x 10~ kg)(1.50 x 10° m/s)* = 3380 ]
KE, > KE;| The bullet has greater kinetic energy.

3. m=0.42kg a. Ap = mvg— mv; = (0.42 kg)(18 m/s) — (0.42 kg)(12 m/s)

vi =12 m/s downfield Ap =7.6 kgem/s — 5.0 kgem/s = | 2.6 kgem/s downfield |
vg= 18 m/s downfield

_Ap 2.6kgem/s

At=0.020s b. F =
At 0.020's

= | 1.3x10°N downﬁeld|

Momentum and Collisions, Practice D

1. m;=63.0 kg myvyj+ mayvs = Myvs ¢
V])f:
m, =10.0 kg my
.= 63.0 kg)(0 m/s) + (10.0 kg)(0 m/s) — (10.0 kg)(12.0 m/
vy;=0m/s vif= ( g)(0m/s) + ( g)( km s) = ( g)(12.0 m/s) —_1.90 m/s
v f=12.0m/s 63.0kg
vy;=0m/s astronaut speed = | 1.90 m/s
2. m;=85.0kg er mvy;+ myvay  (85.0 kg)(—4.30 m/s) + (135.0 kg)(0 m/s)
m,=135.0 kg ! my+m; 85.0 kg +135.0 kg
v1,i = 4.30 m/s to the west 85.0 ke)(—4.30 m/
=-4.30 m/s vi= (85.0kg)(=4.30 m/s) =-1.66 m/s = | 1.66 m/s to the west
220.0 kg
vyi=0m/s
3. m;=0.50kg myyy i+ myvy;— mpvy g
a. I/Z’f=
vy;=12.0m/s m;
vy;=0m/s My =y
m, = 0.50 kg Upf=v1itvai— v =120m/s+0m/s -0 m/s =
vy p=0m/s

vy f=24m/s b. U =Vt o~ vy =12.0m/s+0m/s — 2.4 m/s =

Section One—Student Edition Solutions |1 Ch. 6-3
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Givens

4. m;=2.0kg+my,
my=28.0 kg
vy ;=0m/s
vy 5 =3.0m/s
vy, ;=0m/s

vy, § =—0.60 m/s

Solutions

Mivy, i+ Malp i =my, p+ mys ¢
(2.0 kg + my)(0 m/s) + (8.0 kg)(0 m/s) = (2.0 kg + 1) (—0.60 m/s) + (8.0 kg) (3.0 m/s)
(2.0 kg + m,)(0.60 m/s) = (8.0 kg)(3.0 m/s)

24kgem/s—1.2kgem/s 23kgem/s
= 0.60 m/s = 0.60 m/s

Momentum and Collisions, Section 2 Review

1. my=44kg m,=22kg
v3,i=0m/s
v2,i=0m/s

v,¢= 3.5 m/s backward

MVyi+ Myvyi— mvyg
a. Vz’f: A L 2

m)

Vaim (44 kg)(0 m/s) + (22 kg; (Zokm/s) — (44 kg)(=3.5 m/s) _
g

=35 mis e o MVLIT MV (44kg)(0 mfs) + (22 kg) (4.6 mis)
. Vg= =
vy,i=0m/s my+my 44kg+22 kg
V,,i=4.6 m/s to the right 22 ke) (4.6 m/
l:+4.6 m/s szwz 1.5 m/s to the right
66 kg
My i+ movy — muy
3. m;=215g vy = 1V1,i T Mol — MUy ¢
my
v1,;=55.0m/s
(0.215 kg)(55.0 m/s) + (0.046 kg)(0 m/s) — (0.215 kg)(42.0 m/s)
= vy f=
v2i=0m/s 2/ 0.046 kg
my= 46 g
11.8 kgem/s —9.03 kgem/s 2.8 kgem/s
- vy f= = =|61m/s
vy,f=42.0 m/s 2 0.046 kg 0.046 kg

Momentum and Collisions, Practice E

1. m;=1500 kg ver mvy;+ myvay (1500 kg)(=15.0 m/s) + (4500 kg)(0 m/s)
= =
v1,i = 15.0 m/s to the south my+ my 1500 kg + 4500 kg
=—15.0 m/s
1500 kg)(—15.0 m/
Ve ( a 3 m/s) =-3.8 m/s = | 3.8 m/s to the south
my = 4500 kg 6.0x 10> kg
vai=0m/s
2. m;=9.0kg v= my,it+ mavy; _ (9:0kg)(5.5 m/s) + (18.0 kg) (0 m/s)
my=18.0kg my+ my 9.0 kg + 18.0 kg
1= 0ms PO IR B s
= 0k
vy;=5.5m/s

3. m;=150x10*kg
V1,i = 7.00 m/s north
my=m;=m

Vi = 1.50 m/s north

(mpvyg+mava;)  m(vig+vay) 1
= > == T2 = (Vi T V2,

vf
my+m, 2m

vi= %(7.00 m/s north + 1.50 m/s north)

vg=|4.25 m/s to the north

Holt Physics Solution Manual
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Givens Solutions

4. m;=22kg _(myp+my)vp—movy; (22 kg+9.0 kg)(3.0 m/s) — (9.0 kg)(0 m/s)
Li~— -
my=9.0 kg ! 22kg
o 31kg)(3.0 m/ ;
V2,i=0m/s vli:M: 4.2 m/s to the right
> 22 kg g

vg= 3.0 m/s to the right

5. m;=47.4kg a. my= MV ML (47.4kg)(3.95 m/s) — (47.4 kg)(4.20 m/s)
vy =420 m/s Vyi—Vf 0m/s—3.95m/s
_ 187 kgem/s — 199 kgem/s  —12 kgem/s
v5;=0m/s m, = 8 & = 5 =13.0k
? ~3.95 m/s ~3.95m/s
vf= 3.95m/s
(m;+ mz)l/f —myp;  (47.4kg+ 3.0 kg)(5.00 m/s) — (3.0 kg)(0 m/s)
vy =5.00 m/s b. v, ;= =

m 47.4 kg

(50.4 kg)(5.00 m/s)
;= =15.32m/

Momentum and Collisions, Practice F

1. m;=0.25kg mvy;+myva; (025 kg)(—12 m/s) + (6.8 kg)(0 m/s)
a. vg= =
v, = 12 m/s to the west my+my 0.25kg+6.8 kg
=-12m/s
0.25 kg)(—12 m/
vi= ( (12 m/s) =-0.43 m/s =|0.43 m/s to the west
my=6.8 kg 7.0 kg
vyi=0m/s
b. AKE= KE;— KE;
1 2,1 2_ 1 2,1 2
KEj=smw, i +3myvy i = 5(0.25 kg)(—=12 m/s)” + 5(6.8 kg)(0 m/s)
KE;=18]+0J=18]
KEy=5(m; + my)vg® =3(0.25 kg + 6.8 kg) (~0.43 m/s)?
KE; =3(7.0 kg)(0.43 m/s)* = 0.65 ]
AKE = KEf— KE;=0.65] ~ 18 ] =17 ]
The kinetic energy decreases by .
2. m;=0.40 kg a. ve= mvy;+ myvy; _ (0.40 kg)(—8.5 m/s) + (0.15 kg) (0 m/s)
v1,i= 8.5 m/s to the south Myt 1y 0.40kg+0.15kg
=-8.5m/s
0.40 kg)(-8.5 m/
vi= ( il m/s) =-6.2m/s=|6.2 m/s to the south
my=0.15kg 0.55 kg

V2,i=0m/s
b. AKE = KE; - KE;
KE; = %mﬂ/],iz + %mZVZ’iZ = %(0.40 kg)(-8.5 m/s)2 + %(0.15 kg)(0 m/s)2
KE;=14]+0]=14]
KEy=3(m; + myv =3(0.40 kg +0.15 kg)(—6.2 m/s)*
KEf=5(0.55 kg)(~6.2 m/s)* =11
AKE=KEf—KE,~ =11]-14]=-3]

The kinetic energy decreases by .
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3. m1=56 kg

v1,i = 4.0 m/s to the north
=+4.0 m/s

my= 65 kg

Vi = 12.0 m/s to the south
=-12.0 m/s

Solutions

a.

mvyi+ myva; (56 kg)(4.0 m/s) + (65 kg)(—12.0 m/s)
my+ my 56 kg + 65 kg

V§E=

220 kgem/s — 780 kgem/s _ —560 kgem/s
121 kg 121 kg

Vi =—4.6m/s

vg=[4.6 m/s to the south

« AKE = KE; - KE;

KE; = %mﬂ/],iz + %mzvz),-z = %(56 kg)(4.0 m/s)” + %(65 kg)(-12.0 m/s)?
KE; =450 ] + 4700 ] = 5200 ]

KEf=5(m; + my)vy* =3(56 kg + 65 kg)(~4.6 m/s)*

KEp=3(121 kg) (4.6 m/s)*= 1300 ]

AKE = KEy — KE; = 1300 ] — 5200 ] =—3900 ]

The kinetic energy decreases by | 3.9x 10° J|.

Momentum and Collisions, Practice G

1. m;=0.015kg

MVt myVp — mMvy g

a. Vo=
vy,i=22.5 cm/s to the right m2
=+22.5 cm/s m;=m,
m,=0.015kg Vo £= Vi + Vi~ V6= 22.5 cm/s + (—=18.0 cm/s) — (~18.0 cm/s)
V2,1 = 18.0 cm/s to the left ;
= _18.0 cm/s Vo £=22.5 cm/s = | 22.5 cm/s to the right
vy,£= 18.0 cm/s to the left
=-18.0 cm/s 1 ) 1 5
b. KEi =5myvy; +5m21/2’,4
KE; = 5(0.015 kg)(0.225 m/s)* + 3(0.015 kg)(~0.180 m/s)
KE;=38x104]+24x107*)=62x107*]
1 2 1 2
KEf = Emﬂ/])f + 5"72’/2,)‘
KEy = 3(0.015 kg)(~0.180 m/s)* + 3(0.015 kg)(0.225 m/s)*
KEp=2.4%x10"]+3.8x107*]=[62x10"*]
2. m;=16.0kg (mvyz+ movy g — myvy g)
a. Vl’fz
v1,i = 12.5 m/s to the left, m
vy ;==12.5m/s (16.0 kg)(—12.5 m/s) + (14.0 kg)(16.0 m/s) — (14.0 kg)(—14.4 m/s)
V])f =
my=14.0 kg 16.0 kg
v, = 16.0 m/s to the right, vig= —200 kgem/s + 224 kgem/s + 202 kgem/s —14.1 ms

v5;=16.0m/s

Va,£= 14.4 m/s to the left,
vy p=-144m/s

16.0 kg

vyr=|14.1 m/s to the right

I Ch. 6-6 Holt Physics Solution Manual
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b. KEl = %mﬂ/l)iz +%m21/2’i2

KE; =5(16.0 kg) (~12.5 m/s)” +3(14.0 kg)(16.0 m/s)?

KE;=1.25x10° ]+ 1.79x 10> ] = | 3.04 x 10° ]

1 2,1 2
KEf =ymvyyg + JMaVs ¢

KEf=5(16.0 kg)(14.1 m/s)? +3(14.0 kg) (~14.4 m/s)*

KEf=159x10°]+1.45% 10 ] ={3.04x 10’

MVt myvo — mvy g

3. m;=4.0kg a. Vpf=
my

v1,i= 8.0 m/s to the right = m,

my=40kg Vo8 = Vit Vo~ Vyg=8.0m/s+0m/s—0m/s

Vi =0m/s

vig=0m/s v2,¢= 8.0 m/s = | 8.0 m/s to the right

b. KE; = %mlz/uz + %WZZUZJ‘Z
KE; =3(4.0 kg)(8.0 m/s) +3(4.0 kg) (0 m/s)°
KE;=1307+07=[1.3x107]]
KEf = %mﬂ/l,fz + %mzuz’fz

KEy =5(4.0 kg) (0 m/s)” +3(4.0 kg)(8.0 m/s)?

KE=0]+130]=[13x10%]]

Copyright © by Holt, Rinehart and Winston. All rights reserved.

My, £+ MV §— MjVy i

4. m;=25.0kg a.vy ;=
my
vy,i= 5.00 m/s to the right
(25.0 kg)(1.50 m/s) + (35.0 kg)(4.50 m/s) — (25.0 kg)(5.00 m/s)

35.0 kg

my=35.0kg vy i=

vy, £= 1.50 m/s to the right 1
’ 37.5kgem/s + 158 kgem/s — 125 kgem/s 7.0 x 10" kgem/s

vy, §= 4.50 m/s to the right V2,i= 35.0 kg = 35.0 kg

V2,i=2.0 m/s=|2.0 m/s to the right

1 2,1 2
b. KEj=smv;,  +,myv;,
KE;=5(25.0 kg)(5.00 m/s)* +3(35.0 kg) (2.0 m/s)*
KE;=312]+7.0x10'J=[382]
1 2,1 2
KEf = Emﬂ/])f + EmZVZ,f

KEf =3(25.0 kg)(1.50 m/s)* +5(35.0 kg) (4.50 m/s)*

KEf:28.1]+354]=
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Givens

2. m;=95.0kg

v1,i = 5.0 m/s to the south,
vy,;==5.0m/s

m,=90.0 kg

v2,i= 3.0 m/s to the north,
vy;=3.0m/s

Solutions

a. ve= (mvyi+mavy;)
mi + my

(95.0 kg)(—5.0 m/s) + (90.0 kg)(3.0 m/s)
V=
f 95.0 kg +90.0 kg

—480 kgem/s +270 kgem/s —210 kgem/s
ve= =

0 =—1.1m/s
185 kg 185 kg

vp=|1l.1m/sto the south

b. AKE= KE; - KE;
KE;=3mv;  +5mv; F =3(95.0 kg) (=5.0 m/s)* +3(90.0 kg) (3.0 m/s)*
KE;=1200 ] + 400 ] = 1600 J
KEy = %mful,fz = %(ml + mz)i/l,fz :%(95.0 kg+90.0 kg)(1.1 m/s)>
KEy =5(185kg)(1.2m?/s) =220 ]
AKE = KE; — KE;=220 ] — 1600 ] =—1400 ]

The kinetic energy decreases by 1.4 X 10°J.

3. m;=m,=0.40 kg

vy;=0m/s
vy;=3.5m/s
vy, =0m/s

MU+ mMyvp;— Motz s

a. vy r=
of m,

mp;=my

Vi f=vgi T —vp=0m/s+3.5m/s—0m/s=
b. KE; ;= tmyv; 2 =1(0.40 kg)(0 m/s)’ =

c. KE; 7 =myv, ;> =3(0.40 kg)(0 m/s)* =

Momentum and Collisions, Chapter Review

11. m=1.67x 10" kg

v=5.00x 10° m/s straight up

m=15.0g
v =325 m/s to the right

m=75.0 kg

v=10.0 m/s southwest

m=5.98x10%* kg

v=2.98 x 10* m/s forward

a. p=mv=(1.67 X 107% kg)(5.00 x 10° m/s) = | 8.35x 10721 kgem/s upward

b. p=mv=(15.0x 1073 kg)(325 m/s) = |4.88 kgem/s to the right |

c. p=mv=(75.0kg)(10.0 m/s) = | 7.50 % 10° kgem/s to the southwest |

d. p=mv=(5.98 x 10** kg)(2.98 x 10* m/s) = | 1.78 x 10°° kgem/s forward|

I Ch. 6-8 Holt Physics Solution Manual
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12.

m;=2.5kg

v; = 8.5 m/s to the left
=-8.5m/s

Solutions

po Ve MY (2.5kg)(7.5 m/s) — (2.5 kg)(—8.5 m/s)

At 0.25s

F= 19 kgem/s +21 kgem/s 4.0 X 10" kgem/s

=160 N to the right
vg= 7.5 m/s to the right 0.25s 0.25s
=+7.5m/s
At=0.25s
13. m=055kg P myy — mv; (0.55 kg)(8.0 m/s) — (0.55 kg)(0 m/s) _ 4.4 kgem/s
At 0.25s 0.25s
v;=0m/s
vp=8.0m/s F=|18N
At=0.25s
14. m=0.15kg At= myf—my;  (0.15kg)(0 m/s) — (0.15 kg)(26 m/s)
v;=26m/s F —390N
1/f=0m/s Are —(0.15 kg)(26 m/s) _[o0s
0N
F=-390N
szé(z/ﬁ z/f)At = %(26.0 m/s+0m/s)(0.010 s) =
22. m;=65.0kg I MV + MaVpg — MV
vy,; = 2.50 m/s forward ’ my
m,=0.150 kg (65.0 kg)(2.50 m/s) + (0.150 kg)(2.50 m/s) — (0.150 kg)(32.0 m/s)
Vif=
V2,; = 2.50 m/s forward 65.0kg
S 162 kgem/s +0.375 kgem/s — 4.80 kgem/s _ 162 kgem/s — 4.42 kgem/s
V,¢=32.0 m/s forward 1Lf 65.0 kg 65.0 kg
158 kge
V= 158 kgem/s =(2.43 m/s forward
1 65.0kg
;= 60.0 kg b. v;= MVt MV (60.0 kg)(0 m/s) + (0.150 kg)(32.0 m/s)
my+my 60.0 kg + 0.150 kg
vy,i=0m/s
0.150 kg)(32.0
my,=0.150 kg vi= ( 8l m/s) = | 7.97x 107 m/s forward|
60.2 kg
V3,; = 32.0 m/s forward
23. m;=55kg Because the initial momentum is zero,
my=0.057 kg mVy§=—MVy g
Vi=0mls vige —MNVaf _ —(0.057 kg)(36 m/s) = 0,037 m/s
i mj 55 kg
v1,i=0m/s

V£ = 36 m/s to the north

vy,£=|0.037 m/s to the south
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28. m;=4.0kg e MVt MaVsi _ (4.0 kg)(5.0 m/s) + (3.0 kg)(—4.0 m/s)
my=3.0 kg ! mp+my 4.0kg+3.0kg
V=50 m/s - 2.0x 10" kgem/s + (—12 kgem/s) _8kgem/s e
V)= —4.0 m/s 7.0 kg 7.0 kg
29. m;=1.20kg - muy i+ myvy; _ (1.20 kg)(5.00 m/s) + (0.800 kg)(0 m/s)
v1;=5.00 m/s my+ m; 1.20 kg + 0.800 kg
51 °
m,=0.800 kg . (1.20 kg)(5.00 m/s) _ 300
Y™
v5;=0m/s
30. m;=2.00 x 10* kg a1y myyi+ myvy; _ (2.00 10* kg)(3.00 m/s) + (2)(2.00 x 10* kg)(1.20 m/s)
vy.5=3.00 m/s my+ mj (2.00 x 10* kg) + (2)(2.00 x 10* kg)
my=2m, = 6.00 x 10* kgem/s + 4.80 x 10* kgem/s
- 4
vy;=1.20m/s 6.00% 10 kg

4
10.80 X 10* kgem/s
V= = -1.80 m/s
f 6.00 x 10% kg -

b. AKE= KE; - KE;
_1 2,1 2_1 4 2,1 4 2
KE;=smy i +smyuy i = 2(2.00 x 107 kg)(3.00 m/s)” + 2(2)(2.00 % 107 kg)(1.20 m/s)
KE;=9.00x 10*J+2.88 x 10*]=11.88 x 10*]
KEf =3(m; + my)vy® =3(2.00 x 10* kg + 4.00 x 10" kg) (1.80 m/s)* = 9.72 x 10* ]

AKE=KE; — KE;=9.72x 10*] = 11.88 x 10* ] = =2.16 x 10*]
f 1

The kinetic energy decreases by | 2.16 X 10*7).

31. m;=88kg ay mvy;t+myva; (88 kg)(5.0 m/s) + (97 kg)(—3.0 m/s)
- Vg= =
vy,i= 5.0 m/s to the east my+ m; 88 kg +97 kg
=+5.0m/s
vi= 440 kgem/s —290 kgem/s _ 150 kgem/s _ 0.81 m/s to the east
my=97 kg 185 kg 185 kg

Vy,i= 3.0 m/s to the west

=—30m/s b. AKE= KEj- KE;

KE;= %mﬂ/uz + %mzvz’iz = %(88 kg)(5.0 m/s)2 + %(97 kg)(-3.0 m/s)2
KE;=1100]+440J=1.5X 103]
KEy=3(m; + my)vy =5(88 kg + 97 kg)(0.81 m/s)” =3(185 kg)(0.81 m/s)* =61

AKE=KE;— KE;=61]-15%x10°J=-1.4%10"]

The kinetic energy decreases by | 1.4x 10° J |.
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32. m;=50¢g a. vyp= Vit MoVai — MVyf
v1,i = 25.0 cm/s to the right m2
=+425.0 cm/s (5.0 g)(25.0 cm/s) + (15.0 g)(0 m/s) — (5.0 g)(—12.5 cm/s)
Vo=
my,=150g 150¢
.= 120 gecm/s + 62 gecm/ 180 gecm/
vai=0m/s Vag= gecm/s gecm/s _ gecm/s _ . cmls
vy,£= 12.5 cm/s to the left 1508 1508
=-12.5cm/s
V2,£= | 12 cm/s to the right
1 2 1 2
b. AKE, = KE; 5 =KE; j=5mavp ¢~ —5mpvy
AKE, =5(15.0 x 10 kg)(0.12 m/s)? — 3(15.0 x 10~ kg) (0 m/s)?
AKE,=|1.1x107%]
33. v;;=4.0m/s - MU+ Myl — mvy ¢
20f =
v,;=0m/s 2
mp=mp mp=m;
vif=0m/s Vo= vyt vyi— vy =40 m/s+0m/s—0m/s=
34. m;=250g v MVy,i+ MV — MVt
Lf=
v1,i = 20.0 cm/s to the right m
m,=10.0g _ (25.0 g)(20.0 cm/s) + (10.0 g)(15.0 cm/s) — (10.0 g)(22.1 cm/s)
. i 25.
Vi = 15.0 cm/s to the right 08
2 2 2
vy,£=22.1 cm/s to the right Vig= 5.00 X 10° gecm/s + 1.50 X 10° gecm/s — 2.21 X 10° gecm/s
’ 25.0¢g
429 gecm/s
Vif= i ML | 17.2 cm/s to the right |
250g

35. m=0.147 ki 6.17 kge
" & _P_ —gm/s = | 42.0 m/s toward second base |
p =6.17 kgem/s toward m 0147 kg
second base
36. KE=150] KE = my?
p=30.0 kgem/s p
m==
v
1
KE=-{E),2= P
2\v 2

2KE  (2)(1507)

v= = _1.0%x 10" m/s
30.0 kgem/s

p
30.0 kgem/
m=£— gms—3.0kg
v

T 1L0x10tm/s
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Givens Solutions

37. m=0.10kg a. At its maximum height, v=0 m/s.
vj = 15.0 m/s straight up p=mv=(0.10 kg)(0 m/s) =
a=-9.81 m/s®

b. Halfway to its maximum height (where vy = 0 m/s),

2_,2 2_ 2
Ay= L\ —v _ (0 m/s)“ —(15.0 1’;’1/5) =573m
2 2a (4)(-9.81 m/s*)

Now let vg represent the velocity at Ay=5.73 m.

vp = tyJv? +2aAx=1/(15.0 m/s)? + (2)(-9.81 m/s?)(5.73 m)

vp =4,/225 m¥s? - 112 m?/s? = £,/113 m?/s> = £10.6 m/s

vg=10.6 m/s upward

p = mvg=(0.10 kg)(10.6 m/s) = | 1.1 kgem/s upward

38. m;=3.00kg mvy i+ mavy; = myvy + myvy
v,;=0m/s my(vy ;= vp) = mpvy— muy ;
1
Vvf=V1;0r V] ;= 3V, mpvy—my,;
f =3V1,i> OF V=3V m,= f—, where v,;=0 m/s
1/2)1‘— I/f

myvy — m;(3vf)
mzzﬁz—(ml—3m1)=—m1+3m1

-y

my =2m; = (2)(3.00 kg) = | 6.00 kg

39. m;=55g For an initial downward speed of zero,
m2:22.6g A}/:laAtz
Vai= 0m/s e \/m
Ay=-1.5m vV g4
Ax=25m
a=-9.81 m/s’ vy = = /
At

B —9.81 m/s B
vp=(2.5 m) 7(2)(_1.5 o 4.5 m/s

(my + mpvg—myvy ;

vy, i=
mj

(5.5g+22.6 g)(1kg/10° g)(4.5 rn/s) —(22.6 X 1077 kg)(0 m/s)

Li= 55% 10 kg

(28.1x 1077 kg)(4.5 m/s)
Li= 5.5% 10 kg -
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Givens Solutions
40. m, 730N . Because the initial momentum is zero,
9.81m/s
—MmyV. —(2.6 kg)(5.0 m/
R=50m Vif= AL ( 9.0 m/s) =—0.17 m/s =0.17 m/s to the south
’ mj 730 N
my=2.6 kg 9.81 m/s?
vy,i=0m/s Ax  -R 50
ot R som
V2,i=0m/s vig vy —0.17m/s
V¢ = 5.0 m/s to the north
41. m=0.025kg Fe myy—mv; — (0.025 kg)(10.0 m/s) — (0.025 kg)(18.0 m/s)
- - —4
v;=18.0 m/s At 5.0x107*s
- —4 . — o — °
At=5.0%x10"4s F= 0.25 kgem/s O.iS kgem/s _ 0.20 kg Zn/s —_40x 10N
_ 50%x107"s 50%x107"s
vp=10.0 m/s
magnitude of the force = [ 4.0 x 10* N
42, m;=1550 kg v (my+ myvg—mypvy; (1550 kg + 2550 kg)(5.22 m/s) — (1550 kg)(—10.0 m/s)
2i= =
vy,i = 10.0 m/s to the south 2 2550 kg
=-10.0m/s (4.10 X 10 kg)(5.22 m/s) — (1550 kg)(~10.0 m/s)
Vai=
m, = 2550 kg i 2550 kg
vg=5.22 m/s to the north 2.14 % 10* kgem/s + 1.55 x 10 kgem/s ~ 3.69 % 10* kgem/s
=45.22 m/s V2,i= =T rEnl.

2550 kg 2550 kg

V2= 14.5m/s = | 14.5 m/s to the north

43. m;=52.0g Because the initial momentum is zero,
=153 —myy —(52.0 g)(2.00 m/s
M= 108 vyp=—— = (52.08X ) 0,680 ms
vy;=0m/s "2 1538
v5;=0m/s KE; = PEy
Vl,f =2.00 m/s %mUZ,fz = mgh
=9.81 m/s> vy r?  (~0.680 m/s)?
£ =—ZL=%=|2.36X10_2m=2.36cm
2g (2)(9.81 m/s”)
44. m;=85.0kg Because the initial momentum is zero,
=0.500 k —MyV. —(0.500 kg)(—20.0 m/s
" 5 Vi,£= CAL:T B ( Al ) =0.118 m/s toward the ship
Vl’i:()m/s mi 85.0 kg

V2, ¢ = 20.0 m/s away from
ship =—-20.0 m/s

Ax =30.0 m

vy 0.118mfs
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45. m;=2250kg _omvy it mpuy (2250 kg)(10.0 m/s) + (2750 kg)(0 m/s)
vy,i=10.0 m/s T g m, 2250 kg + 2750 kg
my=2750 kg (@250 kg)10.0mls) _
v3,i=0m/s YT S00x100kg  0mis
d=2.50m From the work-kinetic energy theorem,
6=180°

1 , 1 ’
Wier= AKE = KEf— KE;=3(m; + my)(vf)* = 3(m; + my) (v)?

_ 2
g=9.81m/s where

v{=450m/s v{=0m/s
Wier= Wfriction = Fyd(cos 0) = (m; + my)gud(cos 6)
(my+ my)gud(cos 6) =3(my + my) () = (v)’]

=) (0 m/s)? — (4.50 m/s)? ~(4.50 m/s)”

2gd(cos 6)  (2)(9.81 m/s*)(2.50 m)(cos 180°)

Hie= - T (2)(9.81 m/s))(2.50 m)

46. F=2.5 N to the right _ FAt+mv; _ (2.5N)(0.50 s) + (1.5 kg)(0 m/s)

a. vg= K
m=1.5kg m 1.oks
At=0.50 s vg=0.83 m/s | 0.83 m/s to the right
v;=0m/s
FAt+mv;  (2.5N)(0.50s) + (1.5 kg)(=2.0 m/s)
v;=2.0 m/s to the left b. v¢= " = 1.5 kg
=-2.0m/s
1.2 Nes+ (=3.0 kge —1.8 kge
v§= st gem/s) = gem/s =-1.2m/s
1.5kg 1.5kg
vg=| 1.2 m/s to the left
47. m;=my Because my=my, v =v) i+ v5;— Vi f.

vy,i=22 cm/s Because kinetic energy is conserved and the two masses are equal,

vp=—22 cm/s 12,1 2 1 2.1 2
FV1i TRV =3VLf tolaf

2 2 2 2
1/1’1‘ + 1/2’1‘ = V])f + 1/2,](

2 2 2 2
vii vy =vf+ Wit vgi—viy)

2 2_ . 2 2

(22 cm/s)” + (=22 cm/s)” = vyt (22 cm/s — 22 cm/s — z/l’f)
480 cm?/s” + 480 cm?/s> = 20, /2

vy, £ = /480 cm?/s® =+22 cm/s

Because 11 cannot pass through my, it follows that v; ¢ is opposite vy, ;.

Vo f=vp it o=V f

vy =22 cm/s + (=22 cm/s) — (=22 cm/s) =
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48. m;=7.50kg a. v = +V 2aAy = +1/(2)(=9.81 m/s2)(=3.00 m) = +7.67 m/s = —7.67 m/s
Ay=-3. o .
4 3.00m Because the initial momentum is zero,

my=5.98 x 10** kg
mivyf=—malaf

vy ;=0m/s
—-myr  —(7.50 kg)(=7.67 m/s)
= vy = = =19.62x 10" m/s
v2i=0mls 2T, 5.98 x 102 kg
a=-9.81 m/s’
49. m=55kg a. vy =+V2aAy=+/(2)(-9.81 m/s?)(~5.0 m) = 9.9 m/s
Ay=-50m vg=-9.9m/s= | 9.9 m/s downward
At=0.30s
v;=0m/s
mvg—mv;  (55kg)(0 m/s) — (55 kg)(—9.9 m/s)
- 2 b. F= =
a=-9.81 m/s At 0.30s
vi=9.9 m/s downward F=1.8x10°N=|1.8x 10’ N upward
=-9.9m/s
vg=0m/s
_ —27 _ _ —27 —27 27
50. m,, =17.0x 10" kg 3= My,.— (m;+my) =(17.0x 10" kg) — [(5.0 x 10" kg) + (8.4 x 10" kg)]
m;=5.0x10" kg m3=3.6x 10" kg
my=8.4x10"" kg pr=mwyp=(50x 10" kg)(6.0 x 10° m/s) = 3.0 10" kgem/s
Vnuc,i =0 m/s pa=myuyp=(8.4X 107 kg)(4.0 x 10° m/s) =3.4x 1072 kgem/s
vif =6.0X% 10% m/s along Because the initial momentum is zero, the final momentum must also equal zero.

th iti R
€ positive y-axis p1+p2+p320kg.m/s

Vo5 =4.0x% 10° m/s along

the positive x-axis P3=—(P1+p2)

Because p; and p; are along the y-axis and the x-axis, respectively, the magnitude of
P3 can be found by using the Pythagorean theorem.

p3 =P+ PP =/(3.0x 1020 kgem/s)? + (3.4 x 10720 kgem/s)?

3 =4/(9.0x 1070 kgZem?/s?) + (1.2 x 107 kg?em?*/s?)

p3 =+/(21 x 10790 kgZem?/s?) = 4.6 X 1072 kgem/s

20
vsf= b5 _ 46X10 T kgem/s _ T 07 s

ms 3.6 x 10727 kg

Because pj,; is between the positive x-axis and the positive y-axis and because
P3 = —P1,2> P3 must be between the negative x-axis and the negative y-axis.

tan 6 = 4]
p2
3.0
6=tan"! Pr)_ tan ! [==|= | 41° below the negative x-axis
P 3.4
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Momentum and Collisions, Standardized Test Prep

Givens Solutions

3. m=0.148 kg p=mv=(0.148 kg)(35 m/s) = | 5.2 kgem/s toward home plate
v =35 m/s toward
home plate

q, mp= 1.5 kg a. vyg= mlvl,i+ MyVp i — MVyf
vy,i = 3.0 m/s to the right e
my=1.5kg =M
va;=0m/s V2,87 Vi V2, T VLS
vy.¢= 0.5 m/s to the right Vo= 3.0 m/s+0m/s—0.5m/s =| 2.5 m/s to the right |

5. vis=0m/s

Vo=Vt Vai—vys=3.0m/s+0m/s—0m/s= | 3.0 m/s to the right

« Mp=mnp)

MVyi+ MyVo i — Myvys

Vi £=
vy,;i=0m/s !
v2,i = 5.00 m/s to the right M=m2
vag=0mls Vi,£= Vit V21— V26=0m/s +5.00 m/s — 0 m/s
vy,£= |5.00 m/s to the right
9. m;=0.400 kg Vag= MV + MV — Mvyf
2,f—
vy,i = 3.50 cm/s right, 2
vy,;=3.50 cm/s . (0.400 kg)(3.50 cm/s) + (0.600 kg)(0) — (0.400 kg)(=0.70 cm/s)
m,=0.600 kg 2f 0.600 kg
v2,i=0 vag= 1.40 kgecm/s + 0.28 kgecm/s _ 1.68 kgecm/s —2.80 cm/s
vy,£=0.07 cm/s left, 0.600 kg 0.600 kg
V1= =070 em/s Va,£= |2.80 cm/s to the right
10. m;=0.400 kg KEf= %mm,ﬂ + %mz"z,fz
vi,p=—0.70x 10 m/s KE;=3(0.400 kg)(=0.70 x 10~ m/s)* +3(0.600 kg)(2.80 10~ m/s)’
m;=0.600 kg KE;=9.8 %10 kgem’/s” +2.35 x 10" kgem?/s”
V2= 280 107 m/s KE;={2.45x107]
13. m;=8.0¢g KE;= PEy
my=2.5kg Smug® = mgh
V5= 0 m/s vp =+4/2gh=1/(2)(9.81 m/s?)(0.060 m) = 1.1 m/s
h=6.0 cm (my+my)vp—myvp;  (0.0080 kg + 2.5 kg)(1.1 m/s) — (2.5 kg)(0 m/s)
VL= - 0.0080 k
g=9.81 m/s? i ’ &
(2.5kg)(1.1 m/s)
v ;=——————— =340 m/s
b 0.0080 kg
Holt Physics Solution Manual
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Givens

14. m;=28.0 g=0.0080 kg
my=2.5kg
g=9.81 m/s’
h=6.0 cm =0.060 m

Solutions

KEjoyest= KE; = PEf: mgh
KEjpyest = (my + my)gh

KEjpyes = (0.0080 kg + 2.5 kg)(9.81 m/s>)(0.060m)

KEjpest =
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Student Edition Solutions

Circular Motion and

Gravitation

Circular Motion and Gravitation, Practice A

Givens

1.4a.=3.0 m/s”

r=2.1m

Solutions

vy=+Jar=+/(3.0m/s?)(2.1 m) = | 2.5 m/s

2. q,=250 m/s’

V= acrz\/(ZSOm/sz)(O.SOm): 11 m/s

r=0.50 m
3.r=15m z/t2 (I.Sm/s)2
. : a=—=——"—=|[15m/s
¢ r 1.5m
v,=1.5m/s

4. q,=154 m/s>
vy=30.0 m/s

2 2
- (300 m/S) -
r=—=———09>—= -58.4m
15.4 m/s’

ac

Circular Motion and Gravitation, Practice B

1. r=2.10m r (2.10 m)
m=F.—=(88.0N)———— ={29.6 k
_ Cz/tz ( ) (2.50 m/s)?
v;=2.50 m/s
F.=88.0N
2. y,=132m/s mu?  (86.5kg)(13.2 m/s)
r=—=r= =|40.0m
F.=377N F. 377N
m=286.5kg
3.r=150m 2 2
my/  (18.5kg)(1.80 m/s)
F=—F-= = 400N
v;=1.80 m/s oy 1.50 m
m=18.5kg
@ m=905kg F.  [(325%10°m\(2140N
rF, \/ .225%10° m
nw= [—= =[35.0m/s
_s25km A ( ! )(905kg)
27
F.=2140N
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Circular Motion and Gravitation,

Section 1 Review

Givens Solutions
2. r=12m V= acr:\/(17 m/sz)(lz m)=|14 m/s
a.=17 m/s’
5. m=90.0 kg mut (90.0 kg)(13.2 m/s)?
r=115m o 11.5m
v;=13.2m/s

Circular Motion and Gravitation,

Practice C

1. m;=m,=0.800 k Nem?
= § (6.673>< 07 =2 )(0.800 kg)(0.800 kg)
F=892x107'N o [Gmmy kg
Ne - - —11
G:6.673><10_“—krr21 F 89210 N
8 r=10.692m
2. m;=6.4x10" kg 1 Nem?
s 6.673 x 1071 ———|(6.4 x 107 kg)(9.6 x 10" kg)
m,=9.6x 10" kg G mym, kg
=\ = 15
F;=4.6x10° N V F 4.6x10° N

1’2

8

2
G:6.673><10_“I\L—n21 r=19.4x10°m=9.4x 10 km|
g
3. m; =665k 11 Nem?) (66.5 kg)(5.97 x 10 k
! & a. Fy= G2~ (6673 x 107! n;l\( 09710 k) 51N
my =5.97x 10% kg r kg | (6.38x10°m)
r=6.38%10°m
_HN'I’H
G=6673x10""—-
kg
2 23
mym, _11Nem?| (66.5 kg)(6.42 x 10*’ kg)
my = 6.42 % 10% kg b. F,=G =(6.673 %10 =|246N
3.40 % 10° g r? kgz/ (3.40 x 10° m)?
r=>0. X m
2 22
mymy _13Nem?)\ (66.5 kg)(1.25 x 10"~ kg)
my=1.25% 10** kg c. F,=G =(6.673x 10 =[385N
g kg? (1.20 x 10° m)?

r=1.20x%10° m
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Circular Motion and Gravitation, Section 2 Review

Givens Solutions
3. mp=5.97x10"*k _ . mmg
mg . g a. F,=G rE2
TE=6.38>< 10" m 2 24
11 Nem?\ (65.0 kg)(5.97 x 10** kg)
F,=|6.673x 1071 =636 N
m=65.0kg 5 s ( kg2 ) (6.38 x 10° m)?
—11 Nem
kg
mp=5.97x 10* kg b. F= Gyt
r=7.38x10°m Nem?\ (65.0 kg)(5.97 x 10%* kg)
F,=|6.673x 1071 it IS & _[475N
m=65.0kg ¢ kg’ ) (7.38 % 10° m)?
G
mg=5.68x 10 kg c. Fp=—t'S
s
rg=6.03x 10" m Nem?\ (65.0 kg)(5.68 x 10°° kg)
F=(6.673x 1071 IS & _[e78N
m=65.0kg kg’ (6.03% 10" m)?
m=5.68 % 102 kg d. F=G"7°
r=6.13x10"m Nem?) (65.0 kg)(5.68 x 102 kg)
F,=|6.673x 1071 it IS & _[e56N
m=65.0kg ¢ kg’ ) (6.13% 10" m)?
5. rp=6.38 x 10° ?
g m g= Gif,so mB:&
g=9.81 m/s* "E G

Nem?”

G=6.673x10""1 (9.81 m/s%)(6.38 x 10° m)?
kg’ M 7% 10 T Nem kg L 107 kg
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Circular Motion and Gravitation, Practice D

Givens

1. r=3.61x10°m
mp=5.97 x 10** kg
rE=6.38x 10° m
my=1.90 x 107 kg

r=7.15%x10" m
m,,=7.35x10%* kg
rp=1.74%10°m

N
G=6673x10" 10

kg

Solutions

Above Earth:
r=r+rp=3.61x10°m+6.38x10°m=6.74x10° m

m
G2
T
24
_ 6.673X10_11Nom (597 x10* kg\ _ 60X 107 s
kg® |\ 6.74x 10°m

3
T=2rx |1
GWZE
6 3
6.74x 10° m
T=27x ( - ) =1551%x10%s
No

(6.673 x 10712 )(5.97 x 10% kg)

Above Jupiter:
r=r+1=3.61x10°m+7.15% 10’ m=7.19x 10" m

11 Nem?\ [1.90 x 10* kg I
v= 16673 %10 5 —2]=14.20x 10" m/s
kg 7.19%x 10" m

3

T=21 |2
Gm]

(7.19% 10" m)® B y

T=2rx - =11.08x 10*s

(6.673 x 1071 =2 )(1.90 x 107 kg)

Above Earth’s moon:

r3= T+, =3.61 x10° m+ 1.74x 10° m=2.10 x 10° m

m
v= |G
3
_11Nem?\ (7.35x 10%* kg 3
v;= [16.673 X 10 > 3 =[1.53x10° m/s
kg 2.10x10° m

3
T27r

r3

Gm,,

6 3
2.10x 10° m
( : ) =18.63%x10%s

No
6 673 % 107! kr;l )(7.35 % 102 kg)
g
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Givens Solutions

2. T=125min T2 4’y

rp=6.38x10° m G
3 T GmE

mp=5.97 x 10** kg ) i

_11Nem
G=6.673% 10 HF - \3/ [(125 min)(60 s/min)]%(6.673 x 10”11 Nem?/kg?)(5.97 x 10** kg)
g 4

r=828x10°m

height above Earth = r— rp=8.28 X 10° m — 6.38 x 10° m = | 1.90 X 10° m

Circular Motion and Gravitation, Section 3 Review
5.r=384x10"m [ mg
v=_|G—
mg=5.97 x 10** kg r
2 24
11 Nem? _11Nem?| (5,97 x 10** kg 3
- 11 Nem v,= |[6.673x 10 =11.02 x 10> m/s
G=6.673x 10 7 ; \/( i | 388x10°m
3
T=2r| r
GmE

(3.84x 108 m)® <
T=2 =(2.37x10
7 ;

Ne
6.673 x 10712 |(5.97 x 102 kg)
kg2

Circular Motion and Gravitation, Practice E

1. F=30N 7= Fd(sin 6) = (3.0 N)(0.25 m)(sin 90.0°) =

d=025m
6=90.0°
2. m=3.0kg a. 7= Fd(sin 6;) = mgd(sin 0;)
4=20m 7= (3.0 kg)(9.81 m/s%)(2.0 m)(sin 5.0°) =
61 = 5.00
g=9.81 m/s’
0,=15.0° b. 7= mgd(sin 6,) = (3.0 kg)(9.81 m/s>)(2.0 m)(sin 15.0°) =
3. 1=40.0 Nem For a given torque, the minimum force must be applied perpendicular to the lever
J=30.0 arm, or sin @ = 1. Therefore,
=30.0 cm
7 40.0 Nem
=—=——=|133N
d 0.300m
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Circular Motion and Gravitation, Section 4 Review

Givens Solutions
W,
5. eff =0.73 eff = —24
ff ff W
d;, =18.0m
— Foutdout
doyy =3.0m eff =——— where F,;, = mg
Findin
m =58 kg
_ 2 mgd (58 kg)(9.81 m/s*)(3.0 m)
¢=9.81m/s F, = out _ =[13x10*N
" effdy, (0.73)(18.0 m)
= F F, 950 N
6- Fg 950N MA= out= — :
F =350 N Fiy Fapplied 350N
applied =
8. F;,=300N T30= Fiodsglsin 039) = (30.0 N)(0 m) (sin 45°) =
030=45° Ty5= Fysds(sin 65) = (25.0 N)(2.0 m)(sin 59°) =
d3p=0
3p=0m T10= Fiod;o(sin 6;9) = (~10.0 N)(4.0 m)(sin 23°) =
Fys=250N
0= 59° The bar will rotate counterclockwise because 7,,; is positive
2 (43 Nem — 16 Nem = +27 Nem).
d25 =2.0m
FI(): 10.0 N
0102 230
d10: 4.0 m

Circular Motion and Gravitation, Chapter Review

8. a.=145 m/s?
r=0.34 m

vy=+[ra.=+/(0.34 m)(145 m/s?) = | 7.0 m/s

9.4.=28 m/s’

r=27 cm

ve=+Jrac=1/(27 x 1072 m)(28 m/s%) = | 2.7 m/s

10. v,=20.0 m/s
F,=2.06x10*N
r;=10.0m

g=9.81 m/s?

a. F,,=F,— Fg: F,—mg

2

mvy
Fpep=F.=
1
mu?
Fn —mg=
T

muf = r,(F,— mg)

m(vt2 +r9) =r;F,

riF, (10.0 m)(2.06 x 10*N)
M v g (20.0m/s)? + (10.0 m)(9.81 m/s2)

2.06 x 10° Nem 2.06 x 10° Nem
m= =
4.00 x 10> m?/s> +98.1 m%/s”> 498 m%/s?

I Ch. 7-6  Holt Physics Solution Manual
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Givens Solutions
r;=15.0m b. F.=mg
mutz
2
vy=+/gr>=+/(9.81 m/s%)(15.0 m) = | 12.1 m/s
11. r=10.0m mz/t2
Ftotal:Fc+Fg: +mg
v,=8.0m/s

Frope, max=1.0x 10° N
g=9.81 m/s?

Fiotar = Frope, max

T/tz
Frope, max= Minax 7+ g

- Frope max _ 1.0x10° N
N B 8.0 m/s)?
e BOMTT g g1 mse?
10.0 m
1.0x10°N 1.0x10°N

6.4m/s>+9.81 m/s>  16.2 m/s?

Mypax =

18.

F,=320x10°N
m;=50.0 kg

my=60.0 kg

G=6.673x 107" Nem?*/kg?

\/ Gmym,  [(6.673x 107 Nem?/kg?)(50.0 kg) (60. kg)
r: =

F, N 320x10°N

r=[2.50m

19.

m;=9.11x 10" kg
my=1.67x 10> kg
Fe=1.0x10"YN
G=6.673x 107! Nem?/kg’

_ [Gmymy _ (6.673x 107 Nem®/kg’)(9.11 x 10~ kg)(1.67 x 107 kg)
r= —
Fy LOX10°% N

r=[1.0x10""m=010nm

217.

r=1.44x108m
re=6.38 X 10° m
mp=5.97 x 10** kg

Nem?
G=6.673x10"1 =
kg

r=r+rp=144x10°m+6.38x10°m=1.50x 10® m

Mg
V= |G—
T

Nem?| [5.97 x 10%* kg
v=| [6.673x 107! ={1630 m/s
t\/< kg2)<1.50><108m

T=2x |11
GmE
8 3
1.50x 10
T=2rx ( - m) =[578%x10°s
Nem
6.673 % 1071 ———|(5.97 x 10** kg)
kg2

Section One—Student Edition Solutions
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Givens Solutions

28. T=24.0h 3
. T=2r [—L_
rg=6.38 x 10° m Gmg
mp=5.97 x 10** k r

E § T2 = an*>——

_11 Nem? Gmpg
G=6.673x10"" ——

kg [r2
1= 3 T GmE
47
2
_11 Nem

2
(24.0h)[3600 || 6.673 x 10 1 (5.97 x 102 kg)
b3 h kg
-

4r?

r;=4.22x% 10’ m (from Earth’s center)

r=r;-rg=422x10' m-6.38x 10°m = [3.58 x 10’ m

29, r=2.0x10° /

r X m Te o i
T=50x10%s Gm

2 3

N- r
G=6.673x 107~ T%=dn’—
ar’s’ 477%(2.0 x 108 m)?
- -

2
Nem
(5.0 x 10* s)2(6.673 x 10‘“k—>

2
m=1.9 x 10* kg

8

37. m=54kg 7= Fd(sin 6) = mgr(sin 6)
r=0.050 m 7= (54 kg)(9.81 m/sz)(0.0SO m)(sin 90°) =
g=9.81 m/s*
6=90°

38. 0= 90.0° - 8.0° = 82.0° Tnet = Tg* Tjack =0

m = 1130 kg mgd(sin 6) + Tjyc =0

d=3.05m-1.12m Tiack = —-mgd(sin 6) = —(1130 kg)(9.81 m/sz)(l.SS m)(sin 82.0°)

040m=1.53m

magnitude of 7, = | 1.68 x 10 Nem
g=9.81 m/s’ ARITICe Of Tjack

39. m=2.00x 10’ kg Fye= piky = pmg
2
= v,

r=20.0m F.= mit

Hi= 0.70

¢=9.81 m/s* Fye=F

vt
Hgmg = m==

v =Jriteg=+/(20.0 m)(0.70)(9.81 m/s?)

I Ch. 7-8 Holt Physics Solution Manual
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Givens Solutions
40 _ 22 _ 11 11 _ 11
. m,, =7.35% 10" kg r=1.50x10""' m—-0.00384x 10" m=1.50x 10'' m
m,=1.99 x 10% kg an o s
_11 Nem g 2
G=6.673x10 = b o
kg 1 Nem?\ (7.35x 10 kg)(199><10 kg) 20
F,=|6.673x 10 - T = 434><10 N
kg (1.50 X 10
mprm
r=384x10°m b. F,=G—5"
"
mg =5.97 x 10> kg N. 5.97 x 10** kg)(7.35 x 10* k
. Fe=6.673x107"" r;l ( ) — 8 _ 199><102°N
m,, =7.35%x 10" kg kg (3.84 x 10° m)
mrm
mp =5.97 x 10** kg c. Fy=G—5=
.
m,=1.99x 10" kg Nem?| (5.97 x 10** kg)(1.99 x 10°° k
: 0 Fy=[6.673x 101 G 899X 107k8) _ I3y 102 N
r=150x10"m kg (1.50x 10" m)
41. m=75kg For a force perpendicular to d, 7= Fd.
r=0.075m
T _mgr_(75kg)(9.81 m/s*)(0.075 m) _
po oM ={22x10°N
d=025m d d 0.25m
g=9.81 m/s”
42. 7=58 Nem 7= Fd(sin 6)
4=035m po_t o 8Nem 0N
0= 156° T dsin©)  (0.35m)(sin 56°) =
43. d=14m 7= Fd(sin 6) = (1600 N)(1.4 m)(sin 53.5°) = | 1800 Nem
F=1600 N
6="53.5°
44. 1, =27m Consider the total mass of each hand to be at the midpoint of that hand.
= L L
Ly=45m Tyer = —mhg( —h)(sin o) — mmg<—m)(sin 0.,
my, = 60.0 kg 2 2
=100.0k 2.7 45
" § Tt = —(60.0 kg) (9.81 m/s2)< m)(sin 20.0°) — (100.0 kg)(9.81 m/sz)( m)(sin 60.0°)
6), =20.0° from 6:00 2 2
6,, = 60.0° from 6:00 Tyer =—2.7% 10 Nem — 1.9 10’ Nem = [ -2.2 X 10’ Noem
¢=9.81 m/s?
45. ¢ff=0.64 _ Wour _ Fourdour
eff =
m=178 kg Wm Findm
d.,=40m £ = Foudowr _ mgdour _ (78kg)(9.81 m/s®)(4.0 m)
0o " deff)  digleff) (24 m)(0.64)
m—
_ 2
g=9.81 m/s® Fj,=|2.0x10°N

Section One—Student Edition Solutions
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46. d=2.0m Wour = Fyd(sin 6)
6=15° Win= (F + Fg . )d = [l Fy(cos ) + Fy(sin 0)]d
Uy =0.160 W;, = ng[uk(cos 0) + (sin 6)]
off = Wous _ Fd(sin 0) _ sin 6

w; ng[,uk(cos 0) + (sin B)]  wy(cos ) + (sin )

_ sin 15° B 0.26
(0.160)(cos 15°) + (sin 15°) 0.15+0.26

0.26
eff =—— =0.63=

eff

0.41
417. dout =3.0m effz Wout — Foutdout — mgdout
Fj, =2200 N Win  Findin  Fipdiy
din =14 m 2
(750 kg)(9.81 m/s”)(3.0 m)
_ eff = =0.72=|72%
m =750 kg if (2200 N)(14 m) -
¢=9.81 m/s’
48. eﬁ: 0.875 eﬁz Waut — Fuutdout — mgdaut
Fj, =648 N Win — Fidiy  Fipdiy
=150 k d 150 kg)(9.81 m/s%)(2.46
m 8 dinz mgi out _ ( g)( m/s”)( m)=
d.. =246m Fy(eff) (648 N)(0.875)
g=9.381 m/s’
49. 1,=1.82x10°m a.r=rptd+n
d=422x10%m r=1.82x10°m+4.22x 10 m+7.15x 10’ m
r=7.15%10" m r=4.95x10°m
_ 27
my=1.90 x 10 kg p (4.95><108 m)3
Nem? T=2m =2 5
— —11 1N¢ Gm Nem
G=6.673x10 W / (6.673 X 10“7)(1.90 x 10%7 kg)
g

T=(1.94 % 10°5)(1 h/3600 5)(1 day/24 h) =

b. r=4.95x10% m (see part a.)

fekii]

_11Nem?| [ 1.90 x 10?7 kg 1
6.673 % 10 - | =|1.60x 10* m/s
kg’ |\ 4.95x10%m

=

vy=

o
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Givens

50. F,=13500N
r=2.00%10°m

Solutions

2 3
vy (50.0 x 10> m/h)*(1 h/3600 s)
a.a.=—= 200)(102 965111/8

r

v; =50.0 km/h

(R 13500 N ,
¢=9.81 m/s’ b. F.=ma, = Ea[ F(O%Sm/s)— 1.33x10° N

C. Fc:Fk::uan:MkFg
F, 1330N
=—=——=10.0985
M=, " 13500N
51.d=150m a. T = Fg,maxd(sin 0;) = (450 N)(15.0 m)(sin 70.0°) = | 6.3 X 10° Nem

6;=90.0°-20.0°=70.0°
Fy max =450 N
6,=90.0°—40.0° = 50.0°

3
T, 6.3 X 10° Nem
F,=—max __ = -5.5 x10°N
£ d(sin 6,)  (15.0 m)(sin 50.0°)

52. m;=5.00 kg
my=1.99x10°" kg
F,=1370N

G=6.673x107""

Nem?

kg

F szgnz
r

Gm1m2

r= —_—
Fg

(6 673x 10711 Y = )(5 00 kg)(1.99 x 10% kg)

g —[6.96% 10°m
1370 N

r=

53. 1,=55.0 km/h

Fp= (yF,, = tymg = (0.500) (1350 kg)(9.81 m/s”) =

r=40.0 m 2 3 2
Cmy? (1350 kg)[(55.0 x 10° m/h)(1 h/36005)]*
m=1350 kg Fe=—"= 20.0m =|7880 N
H=10.500 - . - -
Because F,> F, the frictional force is not large enough to maintain the circular
g=9.81 m/s’ motion.
54. 6=60.0° T 2.0 Nem
d=0.35m dsin@ (0.35 m)(sin 60.0°)
7=2.0Nem Tynax 18 produced when 6 =90.0°

Ty = Fdsin® = (6.6 N)(0.35 m)(sin 90.0°) =

Section One—Student Edition Solutions 1 Ch. 7-11



Circular Motion and Gravitation, Standardized Test Prep

Givens Solutions
2. 1;=15m/s v?  (15m/s)?
t 2
ag.=—=——""""—=[9.0m/s
R ==
4. mp=5.97x10** kg Fp= GIETs
p
_ 30
mg=1.99 % 10" kg o 6673><10‘”N'm2 (5.97 x 102 kg)(1.99 x 10° kg)
r=150x 10" m g\ kg’ (1.50 x 10" m)?

rn2

Ne
kg2 Fg— 352X 10" N

9. F1:60N Thet=T1+ T+ T3
F,=6.0N Tyer=F1dsin@; + F,dsin@,+ F3dsin6;
F3= 6.0 N

Tper= (6.0 N)(1.0 m)(sin 90.0°) + (6.0 N)(1.0 m)(sin 30.0°) + (6.0 N)(1.0 m)(sin 0.0°)

T,0=6.0 Nom +3.0 Nem + 0.0 Nem =

6;=90.0°
6,=90.0° — 60.0° = 30.0°

65=0.0°
d=1.0m
10. F;,=75N MA:%:225N:
Fyp=225N Fip 75N
11. ¢ff=87.5%=0.875 off Wour _ Foutdout
Fpp=1320N Wip Wi
d,;,=150m __Foutdnut_(1320N)(1-50m)_
" Win= of 0.875 =[2200]
17. m=1.99x10"k 3
my=1.99 x 10°" kg T:M/r
r=228x10"m Gmy
_1y Nem®
G=6.673x 107" — b
kg |, (2.28x10"" m) 1h 1 day
=|2r
_ Nem? 50, . |\3600s] | 241
6.673x 1071 =——|(1.99x 10" kg)
g
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Student Edition Solutions

Fluid Mechanics

Fluid Mechanics, Practice A

Givens Solutions
1. F,=50.0N a. Fg=F, —apparent weight=50.0 N — 36.0 N=14.0 N
apparent weight in water F, (50.0 N)(1.00 x 10° kg/m”)
=36.0N Pmetal = F_B Pwater = 140N
Pyvater = 1.00 X 10° kg/rn3 P
apparent weight in liquid b. Fg=F,— apparent weight=50.0 N-41.0N=9.0 N
=41.0N

s (9.0 N)(3.57 x 10° kg/m°)

Fp
Pmetal = 3.57 X 10° kg/m Pliquid = F Pmetal =

2 50.0N
— 2 3
2. m=2.8kg Fp=F,
/=2.00m Pwater V8= (m+ M)g
w=0.500 m M= piater V— 1= Prater (/Wh) —m
h=0.100 m M= (1.00 x 10° kg/m?)(2.00 m)(0.500 m)(0.100 m) — 2.8 kg = 1.00 x 10* kg — 2.8 kg
Puater = 1.00 x 10° kg/m’ M=
¢=9.81 m/s?
3. w=4.0m Fg:FB
/=6.0m Mg = PyaterVE = Pwarer(Wh)g

h =4.00 cm Fy = (1.00 X 10° kg/m?)(4.0 m)(6.0 m)(0.0400 m)(9.81 m/s”) =

Puater = 1.00 X 10° kg/m’

¢=9.81 m/s?
.
4. Mpai00n =0.0120 kg a. Fg =04,V g = Pair 3 )g
Phetium = 0.179 kg/m> by (1.29 kg/m3)(47r)(03.500 m)>(9.81 m/s?) _leox
r=0.500 m

= 1.29 kg/m’ .
o f b. Mpelivm = PhetiumV = Phezium(§” ra)
g=9.81m/s ‘

(0.179 kg/m’)(47)(0.500 m)’

3

=0.0937 kg

Mpelium =

Fy = (Mpatioon + Mhelium)g= (0.0120 kg + 0.0937 kg)(9.81 m/s’)
Fy =(0.1057 kg)(9.81 m/s”) = 1.04 N

Fuet=Fp—Fy=6.63N—-1.04N =559 N

Section One—Student Edition Solutions 1 Ch. 8-1



Fluid Mechanics, Section 1 Review

Givens Solutions
3. Mpgalioon = 650 kg Fp=p,i:Vg
Mpack = 4600 kg Fo= (Mpalloon + Mpack + Mieliym)§
3
Pair = 1.29 kg/m Mpelium = PheliumV
Phelium = 0.179 kg/m® Fg=F,

PairV8 =(Mpgalioon + Mpack + PheliumV)g

V= Mpalloon + Mpack _ 650 kg + 4600 kg

Pair = Phelium  1.29 kg/m® — 0.179 kg/m®

5200 k
v 47x10° m?
1.11 kg/m

4. q=0.325m/s> Use Newton’s second law.
Psw = 1.025 % 10° kg/m3 mga = Fg — Fe = mg,g — mgg
g=9.81 m/s’ psVa =pg, Vg —p;Vg

ps(a + g) = Psw&

9.81 m/s®
s = psw(i) =(1.025 % 10° kg/m3)< m/s )
a+ g

0.325 m/s® + 9.81 m/s>
9.81 m/s’
= (1.025 % 10° kg/m’)|—————| =19.92 x 10* ke/m’
ps=( 8 )(10.14 m/sz) 5

Fluid Mechanics, Practice B

1 a Fr B
. 17=5.00 cm . A, A
r, =15.0 cm
2 4 F = FZAI _ F27tr12 _ Fzrlz
F,=133x10"N 1 A, 7”22 r22

1.33 x 10* N)(0. ?
Fy= XA R0 M R g7y
(0.150 m)
F, F 133x 10*N
b.P=—2=—2 """ — -1188x10°Pa
(7)(0.150 m)

A2 Try

2. F,=1025N F_F 1025 N 3
g p:-:—:—:-2.7><10 Pa
A w/ (1.5m)(2.5m) -

w=1.5m

/=25m

3. r=0.40 cm a. P, =P,—P,=1.010x10° Pa—0.998 x 10° Pa=|1.2x 10° Pa

P, =1.010x 10° Pa
2
P, =0.998 x 10° Pa b. Fp = PpeA =Py 7ir

Fper = (12X 10° Pa)(7)(4.0 x 10> m)* = 6.0 x 10> N

I Ch. 8-2 Holt Physics Solution Manual
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Fluid Mechanics, Section 2 Review

Givens Solutions
1. F,=25N F F
g a.P=—=-2%
w=15m Aw
25N
Pzizzllpa
(1.5 m)
F F
F,=15N b. P=—=—%
A mr
r=1.0m 15N
= =48Pa
()(1.0 m)
F,=25N pf_fs
= C. =—=—
g A W2
w=2.0m 25N
= 5=6.2Pa
(2.0m)
F F
F,=25N d.p=—=-%
A 7r
r=1.0m 25N
=————=80Pa
()(1.0 m)
a is the largest pressure
2. h=366m P =pgh

p =1.00 x 10° kg/m®
g=9.81 m/s?

P =(1.00 x 10° kg/m?)(9.81 m/s*)(366 m) = | 3.59 x 10° Pa

3. h=5.0x10"m
P,=1.01x 10 Pa
p=1.025x% 10’ kg/m’

P=P,+ pgh=1.01x 10 Pa+ (1.025 X 10° kg/m>)(9.81 m/s*)(5.0 x 10> m)

P=1.01%10° Pa+5.0 x 10° Pa=|5.1 x 10° Pa
P 51x10°Pa :
N=—=—""—+—=/50x10
P, 1.01x10°Pa

¢=9.81 m/s*
4.p=3p, P=P,+ pgh
P,=1.01x 10 Pa o P=Po _3P—Py _ 2P,

p=1.025x% 10’ kg/m’
g=9.81 m/s>

Pg 124 pg

(2)(1.01 X 10° Pa)
h= =(20.1m
(1.025 x 10> kg/m>)(9.81 m/s°)

Fluid Mechanics, Section 3 Review

1. P,=3.00x10° Pa

v; =1.00 m/s

1
1) :Zrl

A=A,

Ay 7rr121/1 r121/1
=1 _ > =5 =
A2 Try (Zrl)

vy= (16)(1.00 m/s) =

vz

Section One—Student Edition Solutions
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2 2.0 cm L0 flow rate = Av
W =1.0cm
2 \%4
_ 3 3 flow rate At \%
p =1.00x 10’ kg/m gty 2 _ 3
A A oAt

V=25%x10"2m’

-2 3
25% 10
At=30.0s ve —[27ms
(7)(0.010 m)=(30.0's)

Fluid Mechanics, Chapter Review

8. F;=315N a. Fp= F,—apparent weight = 315 N — 265 N = 5.0 x 10'N
ap2p6asre;1t weight in water _F, ~ (315N)(1.00 X 10° kg/ms)
- pa_FBpwuter_ S.OXIOIN
Puater = 1.00 X 10° kg/m® . .
Po=|6.3x10" kg/m
apparent weight in oil b. Fz=F,— apparent weight =315 N - 269 N =46 N
=269N 3 3
. Fy (46 N)(6.3 x 10> kg/m®)
Po=16.3x10"kg/m pwl—ngo— 315N
Poil= | 9.2 % 10* kg/m’
9. F,=300.0N Fp= F,— apparent weight = 300.0 N — 200.0 N = 100.0 N
apparent weight = 200.0 N F, (300.0 N)(0.70 x 10° kg/m®)
Po=—7" Palcohol =
Pateohor=0.70 X 10° kg/m’ © Ryt 100.0 N

= 5 _ _ 5 N 1
14. P=2.0x10"Pa Fy=4PA=(4)(2.0 X 10° Pa)(0.024 m*) = | 1.9 10" N

A =0.024 m*
15. P=5.00 x 10° Pa F=PA=DP(nr?)
4.00 mm
r=————=2.00mm F=(5.00% 10° Pa)(7)(2.00X 10 m)* = 6.28 N
0.64 cm F, F
16. r, = =0.32 cm “A_sB
2 A, Ag
3.8 cm 2 2
rp= =19cm FypAa  Fgp(mra”)  Fgpra
2 FA = = 2 = >
AB Trg B
Fo 3 =500.0N

5. (500.0N)(0.0032 m)?
(0.019 m)?

F= |14 N downward

=14N

I Ch. 8-4  Holt Physics Solution Manual
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Givens Solutions
20. F;=45N (ﬂ,
p=13.6% 10’ kg/m’ _m_\8) K
g=9.81 m/s’ P p 8P
(9.81 m/s“)(13.6 x 107 kg/m”)
21. A=1.00 km? F=PA=(1.01 x 10° Pa)(1.00 km?)(10° m*/km?) =

P=1.01x 10’ Pa

22,

m,, =70.0 kg
m.=5.0kg
r=1.0cm

¢=9.81 m/s’

F, = PA= P(47r”)

Fg  (m,+m)g  (70.0kg+5.0kg)(9.81 m/s”)
2 4rr? (47)(0.010 m)?

(75.0 kg)(9.81 m/s?) =
P= =[59%x10°P
(47)(0.010 m)2

pP=

4ny

23.

p=135x10" kg/m’

m=pV= pB(%ﬂﬁ)] = %pﬂﬁ

r=6.00 cm 3 3 2 \3
2)(1.35 % 10° kg/m>)(1)(6.00 X 10
=21 g/m)m ™ (61110 kg
3
24. F,=1.0x10°N Fy=mg=pVg= pAhg
h=2.5cm o fe 1.0x10°N

p=1.025x% 10’ kg/m’
g=9.81 m/s>

phg  (1.025x 10° kg/m’)(2.5 x 10m)(9.81 m/s%)

A=|4.0%x10°m?

25.

m=1.0kg+2.0kg=3.0kg

py=916 kg/m’
myp=2.0 kg

Pp="7.86 x 10 kg/m’
g=9.81 m/s?

For the spring scale, apparent weight of block = F;, — Fg= Fg;, — Fgp, L mbg(l - &)
Pb Pb

. 5 916 kg/m’
apparent weight of block = (2.0 kg)(9.81 m/s”)[ 1 —

, 7.86 % 10° kg/m’
= (2.0kg)(9.81 m/s*)(1—0.117)

apparent weight of block = (2.0 kg)(9.81 m/sz)(0.883) =

For the lower scale, the measured weight equals the weight of the beaker and oil, plus
a force equal to and opposite in direction to the buoyant force on the block. Therefore,

apparent weight = mg+ Fp= mg+ Fg,b&( = (m + m_bpf)g
P P

(2.0 kg)(916 kg/m’) |

9.81 m/s’
7.86x10° kg/m® | ( )

apparent weight = [3.0 kg +

= (3.0 kg +0.23 kg)(9.81 m/s%)

apparent weight = (3.2 kg)(9.81 m/s®) =

Section One—Student Edition Solutions | Ch. 8-5
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Givens

26. pv=600.0 kg/m’
A=57m’
V,=0.60 m’

Prater=1.0 X 10° kg/m’

Solutions

FB= Fg,r

F=Pyater Vivater §= Pwater(AR)g
Fg,r: mg=prV,g

Pwater ARg=p, V. g

_ 2 1 600.0 kg/m>)(0.60 m®
g=9-81m/s _ prVe _ (C000kgm)( ) _[63x10°m=63cm
PuaterA  (1.0%10° kg/m’)(5.7 m?)
w=21cm . o g B Fg
y=3.5cm P V. hwy hwyg
F,=19N
g p= N — =[10x10° kg’
¢=9.81 m/s? (0.26 m)(0.21 m)(0.035 m)(9.81 m/s?)
F, F 19N
b.P=-f=—2—-_ "  -|35%10°Pa
PR TRRTE TS TETE
F, F 19N
c.P="2=F8-_ 7~  _ix10°Pa
TS TTE TSI TEy
0.250
28. r= m_ 0.125m flow rate = Av = v

flow rate = 1.55 m>/s

flow rate 1.55 m®/s
V= = =|31.6m/s
2 (7)(0.125 m)Z

r

29. h=2.0cm=0.020m
Ywater = 1.5cm =0.015m
Poil = 900.0 kg/m>
Puwater = 1.00 X 10° kg/m®

In water:

Fg,b = FB,water = pwutervg = pwaterAywaterg

In oil:
Fy b = Fp0i1= Poil V&= PoilAYoil8
Pwater Y water8 = PoitYY 0il§
Pwater) water = Poil Yoil
Vil = Pwater X Ywater
Poil

1.00 x 10° kg/m® X 0.015 m

900.0 kg/m’

y,1=0.017m=|1.7x10m

Yoil =

Holt Physics Solution Manual
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Givens

31.

k =90.0 N/m

my, =2.00g

V =5.00m’
¢=9.81 m/s’

Pair = 1.29 kg/m®
Phet = 0.179 kg/m®

Solutions

Fnet:FB_Fg,b_Fg,hel_Fspring:()
PairVg — mpg — PpetVg — kAx =0

— g(pairv - mp — phelv)
k

Ax

(9.81 m/s?)[(1.29 kg/m?)(5.00 m”) — 2.00 x 10> kg — (0.179 kg/m>)(5.00 m?)]

Ax =
90.0 N/m

(9.81 m/s?)(6.45 kg — 2.00 X 10> kg — 0.895 kg)
90.0 N/m

(9.81 m/s%)(5.55 kg)
Ax= =10.605 m
00N/

Ax=

32. A=2.0cm’ a. flow rate = Av=(2.0 cmz)(42 cm/s) =84 cm®/s

p=10 g/cm3 In g/s:

v =42 cm/s flow rate = (84 cmS/s)(l.O g/cm3) =|84g/s

Ay, =3.0X% 10° cm? b. Use the continuity equation.

A 2.0 cm?)(42 cm/ -
py= At COMIEZEMS) T 008 confs = 2.8 x 10 ms
A, 3.0x 107 cm

33. m=1.0kg Fper=(m+myi)a=Fp— Fop— Fgq

r=0.10m (m + mgip) A= Pryare, Vg — g(m + mg;y)

h=2.0m 4.3

P ~Tr
1.00 X 103 ke/ 3 a= pwutervg _ wareris )g g= pwuter(4ﬂr3)g
= . m _—_ = — ==
Puater & m+ mg;, m+ pair(%”ﬁ) 3m + Pair (47[7'3)

¢=9.81 m/s?
Pair = 1.29 kg/m®

1.00 x 10° kg/m®) (47)(0.10 m)>(9.81 m/s?
a:( 00 x 10” kg/m”)(47)(0.10 m)”(9.8 m/s)—9.81m/52

(3)(1.0 kg) + (1.29 kg/m?)(47)(0.10 m)?

(1.00 X 10° kg/m”)(47)(0.10 m)*(9.81 m/s?)

a= -9.81 m/s
3.0kg+0.016 kg
(1.00 x 10° kg/m>)(47)(0.10 m*)(9.81 m/s?) ,
a= —9.81 m/s
3.0kg

a=41m/s> - 9.81 m/s> =31 m/s

Use the following equation to find the speed of the ball as it exits the water.
Note that 7;=0.

1/f2 = 1/,'2 +2ah=2ah

Use the following equation to find the maximum height of the ball above the water.

Note that v;= vy for the ball leaving the water.
sz = Z/iz —-2gAy=0
3 v _ 2ah_ah

2¢ 28 g

(31 m/s?)(2.0 m)
Ay=—————=16.3
Y 9.81 m/s’

Ay

Section One—Student Edition Solutions
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Givens

34. At =1.00 min

Solutions

For one bullet:

N =150 _E_Ap_mz/f—mv,»
m=80g A AAt AAt
v =400.0 m/s In a perfect elastic collision with the wall, v;= — vz
A=0.75m?
_ 2mv
T AAt
For all the bullets:
2mv\  (150)(2)(8.0 x 107> kg)(400.0 m/s) 1
= = = a
AAt (0.75 m?)(1.00 min)(60 s/min)
35. m =4.00 kg a. Assume that the mass of the helium in the sphere is not significant compared with
the 4.00 kg mass of the sphere.
0.200 m
r= =0.100 m Fnez=ma:FB_Fg
h=4.00m Ma = Pyare, Vg — Mg

Puater = 1.00 X 10° kg/m®
g=9.81 m/s’

4 3\
Pwater 37" )g —mg
0
m
(1.00 x 10 kg/m3)(§)(7r)(o.1oo m)>(9.81 m/s?) — (4.00 kg)(9.81 m/s?)
a=

4.00 kg

41.1N-39.2N 19N 5
a= = =10.48 m/s
ot 100k

b. Noting that v; =0,

Ay = v;At +3aAt = JaA T

2A 2(h -2
At = _y= u
a a

(2)(4.00 m — 0.200 m) \/(2)(3.80 m)
At = = =14.0
\/ 0.48 m/s? 0.48 m/s?

1 Ch. 8-8 Holt Physics Solution Manual
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Givens

37. k=16.0N/m
my =5.00x 107> kg
pp = 650.0 kg/m’
Puater = 1.00 X 10° kg/m’
g=9.81 m/s’

Solutions

Foer=Fp

~F - F,

pring —

0

PuwaterVg — mpg — kAx =0

pwater

ﬂ)g— mpg —kAx =0
Pb

my,
Pwater|—— |8 — Mpg
Pb

Ax =
k
pwater 1
——1|myg
Pb
Ax=——
k
1.00 x 10% kg/m® _
8 15,00 107 kg) (9.81 mis?)
650.0 kg/m
X =
16.0 N/m
A (154~ 1(5.00 % 10kg)(9.81 m/s”)
X=
16.0 N/m
(0.54)(5.00 x 10~ kg)(9.81 m/s*) -
Ax = =|1.7x10
x e

Fluid Mechanics, Standardized Test Prep

2 Augglied _ l

Alifted 7

F
Agpplied

Eapplied=

Fapplied =

applied —

Flifieq
Alifted

Alifted

1
ZF.
7 lifted

Flifiea X Agpplied

1. vigp=v;=0m/s

sz = 1/1-2 + Zg(htop - hbottom)

2
Vpottom” = 28( htop = hyottom)

Vbottom = | \/Zg( htop = hpottom) |

8. A2:0.5 A]

A=A,

Vy=
A

Vy=
Ap

vy
vy=—o
2705

Ay

A

A
054,

Section One—Student Edition Solutions
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Givens

cm
10. T’aZT:O.sO cm

Solutions

Use the continuity equation.

Ayv

1.0x10%m A,=—22  where A, is the total capillary cross section needed.
T, B v,
—6 2 -3 2
=0. r, v, 7)(8.0x 10" m)“(1.0 m/s _
0.50x 107" m 4, = o _ () )( ) 0% 102 m2
v, =1.0m/s Ve 0.010 m/s
v.=1.0 cm/s Ac=NA
22
A A 2.0x10 “m
=—f=—F= —— = | 2.5% 10" capillaries
A wr2 (m)(0.50x 10°m)
F, F
_ 2 1_22
11. A,,=6.40 cm A, A
Ap=1.75 cm® 5
F=dp (1759 ) = 12N
=0.50 b= = =
Hk A, T\ 6.40 cm?
FP =44 N
Fy, is the normal force exerted on the brake shoe. Fy is given as follows:
Fy = 1F, = (0.50)(12 N) =
1 2. FB = Fg
FB,oil + FB,Wuter = Lgblock
13. FB,oil + FB,wuter = Lgblock

Moil& + Myarer€ = Mplock§

PoitVoil + PwaterViwater = PbiockVblock
PoitAlh = ) + PraterAY = PhiockAh
Poit(h =) + Pwatery = Pbiockh

Poith = Poity + Pwatery = Phlockh
Y(Pwater = Poit) = H(Ppiock = Poit)

_ Poiock= Poih

(pwuter - pail)

14. p,; =930 kg/m’
h =4.00 cm
Phiock = 960 kg/m>
Puvater = 1.00 X 10° kg/m>
g=9.81 m/s’

_ (Puiock = Poith _ (0.0400 m) (960 kg/m> — 930 kg/m")

(Puvater— Poil) 1.00 x 10° kg/m® — 930 kg/m’>

_(0.0400 m)(30 kg/m’)
- 70 kg/m?

=|171x 102 m=171 cm|

I Ch. 8-10 Holt Physics Solution Manual
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Student Edition Solutions

Heat, Practice A

Givens

1. Tp=—128.6°F

Solutions

Te=3(Tp — 32.0) = 5(~128.6 — 32.0)°C = 5(~160.6)°C

T=Tc+273.15=(-89.22 +273.15) K =

2. Tp;=105°F Te,1=3(Tg; — 32.0) =3(105 - 32.0)°C=3(73)°C
Tpy=-25°F Tei=
T=(Tc+273.15)K
T,=(41+273.15)K =
Tep=3(Tpp —32.0) =3(-25 - 32.0)°C=3(-57)°C
T,= (=32 +273.15)K =
3. Tp;=98.6°F Te,1=3(Tg; — 32.0) =3(98.6 — 32.0)°C = 2(66.6)°C
Tp=102°F Tc,1=
Tep =3(Tgs —32.0) =2(102° - 32.0)°C=3(7.0x 10")°C
Teo=
4. T;;=23°C T=Tc+273.15
Tep=78°C T;= T, +273.15= (23 +273.15) K= 296 K
Tp=Tcs+273.15= (78 +273.15) K=351 K
AT =Ty~ T;=351K~296 K =[55K]
Alternatively, because a degree Celsius equals a kelvin,
AT=AT¢=Tcs - Tc,;=78°C—23°C
AT =55°C =
ATy =2(78 - 23)°F =2(55)°F =
5. T=77.34K To=T-273.15=(77.34—273.15)°C =

Tp=3Tc+32.0 =2(~195.81)°F + 32.0°F = (=352.46 + 32.0)°F

Section One—Student Edition Solutions
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Heat, Section 1 Review

Givens Solutions
2. T=90.2K Te=T—273.15=(90.2 — 273.15)°C = | -183.0°C
Tr=2(Tc) +32.0 = 2(~183.0)°F + 32.0°F = (=329.4 + 32.0)°F
Tp = |-297.4°F
3. boiling point = 444.6°C a. AT =3(ATy) =3(586.1)°C = 325.6°C

melting point = 586.1°F melting point = 444.6°C — 325.6°C = | 119.0°C

below boiling point

b. Ty, =2(Tc,)) +32.0 =2(119.0)°F + 32.0°F = (214.2 + 32.0)°F

Try =ATc ;) +32.0 =2(444.6)°F + 32.0°F = (800.3 + 32.0)°F

c. T)=Tc, +273.15=(119.0+273.15) K= 3922 K
T, =Tc,+273.15= (444.6 +273.15) K= | 717.8 K

Heat, Practice B

1. m=115kg AU = mgh= (115 kg)(9.81 m/s*)(6.69 m) =
g=9.81 m/s?
h=6.69m
1 1/1 2 1 2
2. m,=0.500 kg AU =3(KE;) =5[3myv ) =1(2.50 kg)(65.0 m/s)
AU=|1.76x10"]
vy, =65.0 m/s
3. m=30x10"kg AU = (0.65)(PE;) = (0.65)(mgh) = (0.65)(3.0 X 10> kg)(9.81 m/s>)(50.0 m)
h=50.0m AU
4. AU=209.3] AU= KE=3mu*

m =0.25kg
2AU (2)(209.37)
= [/ T o -41 /

Heat, Section 2 Review

3. m=505kg AU = PE; = mgh = (505 kg) (9.81 m/s2)(50.0 m) =

h=50.0m

g=9.81 m/s>

I Ch. 9-2
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Heat, Practice C

Givens

1. me=3.0kg
T,=99°C
Cpg=1291/kg+°C
m,,=0.22 kg
T,,=25°C
Cpw=4186J/kge°C

Solutions

oty ATy =—cp oo AT,
ot Ty = Tyy) = —=Cp g Tp= Ty)

Twcp,wmW + Tg CpgtMy

Ty=
Cp iy T Cp gl

Cpthy = (4186 J/kge°C)(0.22 kg) = 920 J/°C
TGy, = (25°C) (4186 J/kge°C)(0.22 kg) = 2.3 X 10* ]
Cp Mg = (129 J/kg+°C)(3.0 kg) =390 ]/°C

TgCp gty =(99°C)(129 J/kge°C)(3.0 kg) = 3.8 x 10" ]

_23x10*7+38x 10" 61x10%)
ST 90,C+3907°C T 1310)/°C

Tf=

2. m;=0.225kg
T,=97.5°C
m,,=0.115 kg
T, =10.0°C
Cpe=230]/kg+°C
Cpw=4186]/kg+°C

Cp ity ATy =—cp my ATy

pwtttn Tp— Toy) = —cp i Tp— Ty)

T Tyt + Tecp 1y
= —wepwTw T
oty + Cp i1

Cptthy = (4186 J/kg°C)(0.115 kg) = 481 J/°C

Ty Cptyy = (10.0°) (4186 J/kge°C)(0.115 kg) = 4.81 X 10° ]
cp, = (230 J/kg+°C)(0.225 kg) = 52 J/°C
Tycpemy=(97.5°C)(230 J/kg+°C)(0.225 kg) = 5.0 x 10%7]

_481x10°J+5.0x10°] 9.8x10°]
J7 U as1yrPCH52]°C 533)0°C

17 =[18°C]

3. m, =0.59 kg
T, =98.0°C
m,, =2.80 kg
T, =5.0°C
Ty =6.8°C
Cpw =4186 J/kge°C

—¢pp My ATy = ¢y, my, AT,

AT, =T;- T, =6.8°C—5.0°C=1.8°C

AT, = Ty — T, = 6.8°C — 98.0°C =-91.2°C

AT, (4186 ]/kge°C)(2.80 kg)(1.8°C)
mAT), (0.59 kg)(-91.2°C)

Cp,h = -

4. AT, =8.39°C
m,=101g
Cpw=4186]/kg+°C
AT.=-68.0°C
€pc=387J/kge°C

—¢pecm AT = ¢y, my, AT,

_ Cpw MMy AT,

me=
&, AT,

(4186 J/kg+°C)(0.101 kg)(8.39°C)
o= —
¢ (387 J/kg+°C)(—68.0°C)

m.=0.135kg=|135¢

Section One—Student Edition Solutions
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Heat, Section 3 Review

Givens Solutions

1. my=47g Cpw My ATy =—cp o mg AT,
T, =99°C ATy =Ty — T,=38°C - 99°C=—-61°C
T, =25°C AT, =Ty - T,, =38°C - 25°C=13°C
Ty =38°C CpgMAT, (129 % 10° J/kg+°C)(47 x 10 kg)(~61°C)

My =——"———""=— o o

Cp,g =1.29 x 102 ]/kg.oc CP,WATW (4186 ]/kgt C)(13 C)
Cpw = 4186 J/kge°C m, = 6.8 107 kg=

2. T;=175°C AT =Ty - T,=175°C - 21°C=154°C
Tp =21°C Q= mpcp,pAT =(0.105 x 107 kg/kernel) (125 kernels) (1650 J/kge°C)(154°C)
Cp,p = 1650 J/kge°C Q=
my, = (0.105 g/kernel)

(125 kernels)
3. m,, =(0.14)(95.0 g) Q =m,,L, = (0.14)(95.0 x 107> kg)(0.90)(2.26 x 10° J/kg)

L, = (0.90)(2.26 x 10° J/kg) Q=

6. m=15g=0.015kg a e, = Q _ 15.8 k] —8.37kJ _ 7.4%10°] 2% 10 hgerC
PEmAT (0,015 kg)(300°C —80°C)  (0.015 kg)(200°C)
837kI- 127k 7.10x 10°
b. szgz J J_ J_ 4.7%10° J/kg
m 0.015 kg 0.015 kg
127k -0k 127 x 10°
C. ¢ = Q = J J = ). 1% 10° J/kge°C
® mAT  (0.015kg)(80°C—0°C)  (0.015 kg)(80°C)
796 kJ — 795 k 1x10°
d.c,, = Q__ 20k 7551 = ) ——=|7x10%J/kg+°C
mAT  (0.015 kg)(400°C —300°C)  (0.015 kg)(100°C)
795k] —15.8k] 779 % 10°
e. Lyzg: J J_TPx107) _ 5.2% 107 J/kg
m 0.015 kg 0.015 kg

Heat, Chapter Review

9. Tp=136°F Te =3(Tr - 32.0) =3(136 — 32.0)°C = 2(104)°C = | 57.8°C
T=(Tc+273.15)K = (57.8 +273.15)K

10. Ty = 1947°F Te=3(Tp—32.0) =2(1947 - 32.0) =3(1915)°C = | 1064°C
T=Te+273.15= (1064 +273.15) K= [ 1337 K

24, F=315N W=(0.14)(U;)
— w Fd 315N)(35.0
d=350m Ui:—:_:u: 7.9><104]
_ 0.14 0.14 0.14
W=(0.14)(U;)

I Ch. 9-4 Holt Physics Solution Manual
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Givens Solutions
25. m=0.75kg a. AU = (0.85)(KE) = (0.85)zm”|
v;=3.0m/s AU =1(0.85)(0.75 kg) (3.0 m/s)* =
31.m,=255¢g Q,=-Q,—0.14kJ
T, =84.0°C ot Tp = T)) ==y, m, (Tp— T,) = 0.14 k]

m,, =5.00x 107> kg
T,, =24.0°C
Q,=-Q,—0.14kJ
Cpr=234 J/kge°C
Cpw=4186]/kg+°C

Ty= e T+ ¢y, T — 0.14 kJ

Cp iy + Cp r 1My
Cp = (234 J/kge°C)(2.55 x 107> kg) = 5.97 J/°C
cprm, T, = (234 /kg+°C)(2.55 x 10~* kg)(84.0°C) =501
Cp ity = 4186 J/kg+°C)(5.00 x 10> kg) =209 J/°C
Cp iy Ty = (4186 J/kg°C)(5.00 x 10> kg)(24.0°C) =5.02 X 10° ]

501)+(5.02x10°))—140]  5.38x10°]
I 2091/, C+5.97]°C 215)/°C

7=[250°C]

32. m;=1500 kg AU= AKE:%ml(uf — ;)%= (0.5)(1500 kg)(0 m/s — 32 m/s)> = 7.7 x 10° J
v;=32m/s Q=AU=7.7%x10"]
vy=0m/s Q=my¢pirenAT

Cpiron =448 J/kg+°C
my =(4)(3.5 kg)

Q 7.7%x10°]

AT = = =1120°C
M2 Cpiron (4)(3.5 kg) (448 J/kg+°C)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

33. Tr=0°R=absolute zero a. Tp = T — (absolute zero in Tf)

one Rankine degree = Tp= gTC +32.0

Fahrenheit d
one ralirennett degree absolute zero in T,=-273.15°C
absolute zero in T = g(—273.15)°F +32.0°F
absolute zero in Tg = (—491.67 + 32.0)°F =—-459.7°F

Tg = T — (—459.7)°F = Tg: + 459.7°F

TR = TF + 4597, or TF = TR —459.7

b. T=Tc+273.15
Te=2(Tr — 32.0)
T=3(Tp - 32.0) +273.15
Tp =Ty —459.7
T=2(Tg —459.7 - 32.0) +273.15
T=2(Tg —491.7) +273.15
T=3Tg —3(491.7) +273.15
T=3Tg—273.2+273.15

5 9
T=;TR, or TR =gT

Section One—Student Edition Solutions I Ch. 9-5



Givens

34. m,.=3.0kg
m,, =1.0kg
AT =0.10°C
Cpw=4186]/kg+°C
g=9.81 m/s’

Solutions

PE; =AU
m gh = ¢ ,m, AT

. oMy AT (4186 J/kge"C)(1.0 kg)(0.10°C)
m,g (3.0 kg)(9.81 m/s?)

35. freezing point = 50°TH
(0°C)
boiling point = 200°TH
(100°C)

T = absolute zero =
—273.15°C

a. Set up a graph with Celsius on the x-axis and “Too Hot” on the y-axis. The equa-
tion relating the two scales can be found by graphing one scale versus the other
scale and then finding the equation of the resulting line. In this case, the two
known coordinates of the line are (0, 50) and (100, 200).

Ay (200-50) 150 3
slope=a=—=——"—"=—=—
Ax  (100—0) 100 2

y=ax+b
b=y-ax=50-(50=50

3 . . .
The values y = Ty, a = > X= T¢, and b = 50 can be substituted into the equation
for a line to find the conversion equation.

y=ax+b

TTH = %TC +50

y—b
a
Ty — 50
3

or x =

Te=

Tc= %(TTH -50)

b. Try =3(T¢) +50 =5(~273.15)°TH + 50°TH = (~409.72 + 50)°TH = |-360°TH

36. A=6.0m’
P/A =550 W/m?
V,=1.0m’
T;=21°C
Tr=61°C
P,y = 1.00 x 10> kg/m’
Cpw=4186]/kg+°C

AT =T;— T;=61°C-21°C=(4.0x 10")°C
my, = V,,py = (1.0 m®)(1.00 x 10° kg/m®) = 1.0 x 10° kg

TP (P/A)A) (550 W/m?)(6.0 m?)

or (5.1 x 10%s)(1 h/3600 s) =

Q  mycp AT (1.0 x 10 kg)(4186 J/kg+°C)(4.0 x 10'°C)

I Ch. 9-6 Holt Physics Solution Manual
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Givens

37. m.=253g
T.=85°C
T,=5C
Tp =25°C
Cpa =8.99 X 107 J/kge°C
Cpe =3.87 %107 J/kg+°C

Solutions

Cpa Mg ATy =—cp . m AT,
AT, =Ty T,=25°C—85°C=(-6.0x 10")°C
AT, =Ty - T,=25°C—5°C=(2.0x10")°C

AT G (0.253 kg)(—6.0 X 10'°C)(3.87 x 10* ] /kg+°C)

N (2.0 X 10'°C)(8.99 x 107 J/kg+°C)

m,=033kg=|330g

m, =

38.

Tp=3Tc +32.0  Te=T-273.15
Tp -32.0=2Tc

2Tp —2(32.0) = T¢

2Ty —2(32.0)+273.15=T

T=Tp

2Tp —2(32.0) +273.15= T
2Tp—17.8+273.15= Tk

2Ty +255.4= T

255.4=3Tp

Ty =2(255.4)°F = 574.6°F
Tp=T

574.6°F=574.6 K

39. m,=250¢
m,, =850 g

AT .
— = 1.5°C/min
At

Cpa=899 J/kge°C

Cpw=4186J/kge°C

AT

AT+ AT
g _ Qa + QW _ maCP,a mWCP»W _ (macp,a + mWCP)W)(—)

At At At

A%: [(0.250 kg) (899 J/kg+°C) + (0.850 kg) (4186 J/kg+°)](1.5°C/min)

At

Q

Zt_

. i)
At
or (5700 J/min)(1 min/60 s) =

(225 J/°C + 3.56 x 10° J/°C)(1.5°C/min) = (3.78 x 10° J/°C)(1.5°C/min)

Section One—Student Edition Solutions 1 Ch. 9-7



Givens Solutions

40. T, =32°C —AQueq=AQuselted ice
T;.e=0°C —Myeq Cp tea AT e = Mice L + Mige €p 1y AT,
Ty=15°C S —Myeq Cptea AT 1eq
My =180 g ee Le+ Cp,WATice
Mice,tor =112 8 ATjeq= Ty = Tieq=15°C = 32°C=-17°C
Cpytea = Cpw=4186J/kge°C AT =Ty — Tj, = 15°C—0°C=15°C
Lp=333x 10" J/kg —~(180 % 107 kg) (4186 J/kg+°C)(~17°C)

Mice = 3.33 X 105 ]/kg + (4186 ]/kg’oc)(lsoc)

(180 x 10 kg) (4186 J/kg+°C)(17°C)
3.33%10° J/kg + 6.3 x 10* J/kg

Mice=

L _180x 107° kg)(4186 J/kg+°C)(17°C)
e 3.96 x 10° kg

mass of unmelted ice = 11;. 4, — M, =112 g—32 g=|8.0 X 10' g

Heat, Standardized Test Prep

=32x10%kg=32g

3. Tc =-25287°C Tp = 2T+ 32.0 = 2(~252.87)°F + 32.0°F

Tp = (—455.17 + 32.0)°F = | —423.2°F

4. T =-252.87°C T =Te +273.15=(-252.87 + 273.15) K= 20.28 K

8. m=23g Q 16.6k] —12.0kJ 4.6x10°]
Ch1= = =
P IAT — (23 % 1070 kg) (340°C — 160°C) (23 % 10 2 kg)(180°C)

¢p1=|1.1x10°J/kge°C

m

9. m=23 120K -1.85K  10.2x 10°
m=23g =2 J-1850 W) 4 10% kg
Bx10°kg  23x10 kg

10. m=23g L_Q 1.85k] — 0 kJ - 1.85% 10° ]
PSTMAT (23 %1072 kg)(160°C — 0°C) (23 x 10~ kg)(160°C)

¢ps=15.0x 10 J/kgeC

11. m,,=1.20x 10'°kg Q= e, AT=(1.20 X 10" kg) (4186 J/kg+°C)(1.0°C) =

Cpw=4186]/kg+°C
AT=1.0°C

I Ch. 9-8 Holt Physics Solution Manual
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Givens

12. m,,=1.20x 10'°kg
Lp=333x10"J/kg

Solutions

Q= mL = (120 101 kg)(3.33 x 10 J/kg) =

14. m,=0.200 kg
m,, = 0.300 kg
AT=2.0°C
Cpg=837]/kge°C
Cpw=4186]/kg+°C

Q= Qg"l‘ sz mgcp,gATJr mwcp’WAT: (mgcp>g+ mwcp,w)(AT)

Q=1(0.200 kg)(837 J/kg+°C) + (0.300 kg) (4186 J/kg+°C)](2.0°C)

Q= (167 J/°C + 1260 J/°C)(2.0°C) = (1430 J/°C)(2.0°C) =

16. To =—40.0°C

Tp=3T¢ +32.0 = 2(—40.0)°F + 32.0°F = (=72.0 + 32.0)°F

Section One—Student Edition Solutions
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Student Edition Solutions

Thermodynamics

Thermodynamics, Practice A

Givens Solutions
1. P=1.6%10’Pa a. V;=2V;=(2)(40m’)=8.0m’
V,=40m’ W =PAV=P(V;— V;) = (1.6 X 10° Pa)(8.0 m* — 4.0 m’)

W= (1.6 % 10° Pa)(4.0 m’) =

b. Vy=1Vi=;(4.0m’) =1.0m’
W =PAV=P(V;— V;) =(1.6 X 10° Pa)(1.0 m’ — 4.0 m’)

W = (1.6 X 10° Pa)(=3.0 m’) = [ -4.8 X 10° |
2. P=599.5kPa W =PAV=P(V;— V;) =(599.5x 10° Pa)[(2.523 x 10 m’) = (5.317 x 10~* m?)]

_ —4 3
Vi=5317x10"m W =(599.5 % 10> Pa)(-2.794 x 10 * m®) = | -167.5]

Vp=2523x 10" m’

3. P=43x%x10°Pa W=PAV=P(V;— V) = (4.3 x 10° Pa)[(9.5x 10 * m’) - (1.8 x 10~* m’)]

_ —4 3 _
Vi=1.8x10 "m W= (4.3%10° Pa)(7.7x 104 m%) = 3.3 x 102 ]

V;=95x10""m’

_ 1.6 cm

4. r= =0.80 cm

W = PAV = PAd = Prrr’d
d=2.1cm

w 0.84] 5
_ pe W _ ={2.0%x10°Pa
W=0.84] 7r*d  (0.80 x 1072 m)? (2.1x 102 m)

Thermodynamics, Section 1 Review

2. A=74x10"°m? W =PAV=PAd = (9.5% 10° Pa)(7.4 x 10> m?)(=7.2x 102 m) = | -5.1 x 10° ]
d=-72%10"m
P=9.5x10°Pa

3.P=15%x10’Pa W=PAV=(1.5%x10°Pa)(5.4x 10° m’) =|8.1x 1072

AV=54x10"m’

Thermodynamics, Practice B

1. W=26] AU=Q-W

AU=7] Q=W+AU=26]+7]=[33]]

Section One—Student Edition Solutions 1 Ch. 10-1



Givens Solutions
2. AU=-195] Q=AU+W=-195]+52.0]=|—143]
W=520]
3. Upy =2.0%x10"] Q=AU+ W+ Upy=8.0x10J+0J +2.0x10°J=|1.00x 10*]
W=0]
AU=8.0%10"]
4. AU=-344] Q= m for adiabatic processes.
W=Q—-AU=0]—(-344])=|344]
8
5. Q=3.50x10"] AU=Q-W=350x10%]-1.76 x108J=|1.74 x 10%]
W=1.76x10%]

Thermodynamics, Section 2 Review

4. P=8.6x%10°Pa a. W=PAV = (8.6 x 10° Pa)(4.05x 10"* m®) = [ 3.5 x 10? ]

AV=4.05x10"*m’

b. AU=Q-W=-95]-350]=

Q=-95]
5. P=7.07%10° Pa Q=W+AU=PAV+AU=(7.07x 10° Pa)(-1.1 x 10 * m’) + 62
-4 3
AV =-1.1%x10 "m Q:—78]+62]=
AU=62]
6. W=—151x10] a. For removal of energy from inside refrigerator,

Q.=7.55x10%]

AU.= Q, - W=(7.55x10*]) — (-1.51 x 10* J) =9.06 x 10* ]

No work is done on or by outside air, so all internal energy is given up as heat.

Q,=AU,=AU,= | 9.06 x 10*J transferred to outside air |

b. For cyclic processes, AU,.¢ =

c. Because there is no change in the air’s volume, W,;, =

d. For air inside refrigerator, Q,;,=—Q,and W,;,=07].

Quir = Wair =AUy, =—Q, = | -7.55 X 10* ]

7.Q=-15] AU=Q-W=-15]-13]=|-28]|

W=

13]

Thermodynamics, Practice C

4 4
- Qp=2. 1.915 x 10* k
1. Q,=2254x10"kJ eff=1- chl_ ; ) 108496 01502

Q.=1.915x10*kJ Qn 2.254 x 10* kJ

2. W=

45] Qu=W+Q,=45]+31]=76]

Q. =31J W 45]
=—=—""=059
o =5 7]

I Ch. 10-2
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Givens Solutions

3.Q,=1.98x10°] 1.49 X 10°
5 a. eﬁ’:1—&:1——5]:1—0.753: 0.247
Q. =1.49%10°] Q 1.98x10°

b. W=Q, - Q =(1.98x10%]) - (1.49x 10° J) =

4. off=021 eff =1-%
Q.=780] QA
Q

—1=-
¢ Qp

Q.
1—eff = =£
& Qp

Q. 78] _780]
T l—eff 1-021 0.79

W= Q,~ Q.=990]~780]=[210]]

Qi =990]

5. W=372] Q=W+ Q,
eff =0.330 Q. Q. W+Q, - Q. w
eff=1-—=1- = =
Q, W+ Q, W+ Q, W+ Q.
W+Q -
C_eﬁ

o= woll 1lw=[— _1leny
Toeff o leff 10330

Q.= (3.03 - 1)(372]) = (2.03)(372]) =

2 2
_ 6.0%10°]  6.0x10%]
6. Q. =6.0x10%] __Q = =|8.7x10%]]
R P 0.69
eff =0.31

Thermodynamics, Section 3 Review

2. Q,=75000] a. W=Q,—Q.=75000] —35000]=|4.0x 10*]

Q.=35000] W 4.0x10%]
b. eff =—=—"——"=0.53
4 Q. 750007

Thermodynamics, Chapter Review

9. V;=3525x10" m’ W =PAV = P(V; = V;) = (2.55 % 10° Pa)[(39.47 X 10 m’) - (35.25 X 10> m’)]

_ 33 B
V§=39.47x10 "m W= (2.55% 10° Pa)(4.22 x 10> m?) = | 1.08 x 10° J

P=2.55x%10° Pa

10. P=2.52x10° Pa W =PAV=P(V;-V))
Vi=1.1x10*m’ W=(2.52%10° Pa)(1.50 x 10> m> - 1.1 x 10™* m?)
Vr=150x 10" m’ W=(2.52%10° Pa)(1.4 x 107> m?)

w7

Section One—Student Edition Solutions 1 Ch. 10-3



Givens Solutions

3
16. AU=604x10"] Q=AU+ W=(604x10%]) + (43.0x 10 J) =
W=43.0%10%]
17. m;=150kg a. Q= mlcpAT = mlcp(Tf — T;) = (150 kg) (448 J/kg+°C)(47°C — 22°C)
m; = 6050 kg Q = (150 kg) (448 J/kg+°C)(25°C) =
T,=22°C

Ty =47°C b. W = Fd = m,gd = (6050 kg)(9.81 m/s*)(5.5 x 10~ m)

d=55mm W=

¢p = 448 1/kg°C
’ ; C. AU=Q-W=(17x10°]) - (3.3x 10°]) = [ 1.7x 10°]]

¢=9.81 m/s’
415
26. Q,=525] eﬁzl—&:I——I=1—0.79O: 0.210
Q 525]
Q.=415]
_ 12 6.5x 10"
27. Q,=9.5x10"] eﬁ=1_&=1_712]=1_0,68=
12 Qy 9.5x10° ]
Q.=6.5x10"]
_ 5.0 x 102
28. Q; =850] eﬁ:1—&:1—7]:1—0.59:
Q.=5.0% 10%] Qp 850 ]
W=3.5x% 102] Alternatively,
W 35x10°]
off =—=""——=]041
R U]
29. Q;=606] a. AU;= Q,— W,=606]—418]= | 188]
W, =418]
W,=1212] b. Because AU, =AU, Q, =AU+ W,

Q,=188]+1212]=1.400 x 10° ]

30. Q=5175] d. BecauseAVzO,WzO]andAUzQ:.

Thermodynamics, Standardized Test Prep

W
=

Q, W P _1055MW ;
=n _ =—=———=320%X10" MW
At eff At eff 0.330

Q=Q-W
Q_o W_o
At At At At

% =2140 MW =2140 MJ/s = | 2.14 X 10° J/s
t

9. P =1055 MW Q,
eff =0.330

— P=3.20%10° MW — 1055 MW

I Ch. 10-4  Holt Physics Solution Manual
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Givens

10. AV=0.041 m®-0.031 m>
=0.010 m>

P=300.0 kPa

Solutions

W= PAV=(300.0 x 10° Pa)(0.010 m®*) = 3.0 x 10° ]

13. Q,=1600]
Q,=1200]

Q. 1200 J
= 1 —_—= 1 —_
ff Qy 1600 J

o=

1-0.75

15. m=450.0 kg
h=8.6m

W= mgh=(450.0 kg)(9.81 m/s*)(8.6 m) = |3.8 x 10* ]

16. Q,=2.00x10°]
W=3.8x10%7] (see 15.)

W 3.8x10%]
off=—=——"""1=10.19
) Q, 2.00x10°] -

17. Q,=2.00x10]
eff=0.19 (see 16.)

Qh - Qc
Qp

eff=

efflQp) = Qp— Q.

Q.= Q- eflQy) =2.00 X 10° J — (0.19)(2.00 X 10° J)

Q.=2.00x10°J-3.8x10*J={1.62x10°]

18. Q,=2.00x10°]
W=3.8%10%] (see 15.)
AU=5.0x10"]

AU=Q-W=Q,- Q- W

Q.=Qy—-W-AU

Q,=2.00x10°J-3.8x10*]-50%x10°J=|1.57x10°]

Section One—Student Edition Solutions
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Student Edition Solutions

Vibrations and Waves

Vibrations and Waves, Practice A

Givens Solutions
1. x=-36cm a. Fo+ Felgsic =0
m =0.55kg Fy=-mg
g= 9.81 m/52 Felastic =—kx
—-mg—kx=0
-mg  —(0.55kg)(9.81 m/s?)
k=—2= =|15N/m
X —0.36 m
2. F,=—45N Fy + Fyjasic =0
x=-0.14m Fg+(—kx)=0
F, —45N
k=-f_ =|3.2%10*> N/m
x —0.14m
3. F] = 32 N

x;=-1.2cm

-F; -32N 3
k=—=————=[27%x10"N/m
x;  —0.012m

4. x,=-3.0cm

F2 = —kXZ

F, =—(2.7 x 10° N/m)(=0.030 m) =

Vibrations and Waves, Section 1 Review

2. x=—4.0cm
k=13 N/m

F=—kx =—(13 N/m)(—0.040 m)

Vibrations and Waves, Practice B

1. T=24s

ag=g=9.81 m/s’

L
T=2r [—
a,

g

2 2
T 2 24's 2
L= ﬂg(;z) = (981 m/s ) (2—) =|1.4X10"m

2. T=1.0s

ag=g=9.81 m/s?

V4
L

T=2r [—
a,

g

2 2
T 2 1.0s
- (;[) _ (981 mis) (Z_ﬁ) —025m=

Section One—Student Edition Solutions
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Givens

3. T=
a,=g=9.81 m/s?

g

3.8s

Solutions

L
T=2r [—
a,

g

2 2
T 2 3.8s
- (2_) _ 081 mis >(2_ﬂ) _

4. L

=3.500 m
a,=9.832 m/s’

a,=9.803 m/s’

a,=9.782 m/s’

L 3.500 m
a. T,=27 |—=21 [—>—"_ (37495
! a 9.832 m/s?

T A
=—=——=/0.2667 Hz
fi= T = 3735 02667 Hz|

L 3.500 m
b. T =2n'\/:=2ﬂ' [ 22 (3754
2 a 9.803 m/s? -

1 1
= — = =10.2664 Hz
=T

L 3.500 m
c. Ts=21 [—=21 |—— " —|37585
’ a 9.782 m/s?

e (Il
= —=—=[0.2661 Hz
== S ~ 02681 He|

Vibrations and Waves, Practice C

T:27r\/E
k

1. T=024s
m=0.30 kg 47z2m 47%(0.30kg)
T (0.24s)
1 m
2. m=25g=0.025kg T=?=27z'\/%
20 vibrations
=T a0s 0HZ ko an g = 472(0.025 kg) (5.0 Hz)? =
3. F=125N T= Zﬂ[ 27r/
2
g=9.81m/s . 47,; ) (125N)
T=3.56s gT2 (9.81 m/s?)(3.56 5)2
4. m,=255k _my+m. 255kg+1275kg  1.530x10°k
4 & " ‘= g £ _ § —382.5kg
m.=1275kg
382.5 kg
k =2.00 x 10* N/m T= 2n[ T ———"=—=10.869s
2.00 x 10* N/m -
I Ch. 11-2  Holt Physics Solution Manual
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Givens Solutions
. k=30. / 23k
5. k=30.0 N/m a. T,=2r " g

oy
I
=
w

7

0.015 k
my=15g b_Tzzzﬂ/%zz 3—g

ms
m3:19kg C. T3=2ﬂ' 7227[
1 1
fy=—=—=|0.62Hz
T3 1.6s

Vibrations and Waves, Section 2 Review

1. f =180 oscillations/min f = (180 oscillations/min)(1 min/60 s)

- Fase]
1
Tzfzs.Osz

2. L=25m

L 2.5m
a. T=2n |—=2r1 —_—
dag 9.81 m/s

ag=g=9.81 m/s’

2s
3. m=0.75kg a. —kx—mg=0
x=-0.30m Lo e —(0.75 kg)(9.81 m/s?)
g=9.81 m/s’ x ~0-30m

m 0.75 kg
b. T=2r|—=21
k 25 N/m

Vibrations and Waves, Practice D

1.f,=28H 340 m/
fi=28 12 PEAE L v
f> = 4200 Hz f 28Hz

v =340 m/s

v 340 m/s
Ay=—= =10.081 m
AT

Section One—Student Edition Solutions

I Ch. 11-3
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2. v=3.00x 10® m/s a1l 300% 10° m/s
. ===
f; =88.0 MHz f; 8.80x10” Hz

A]z 41 m

I

8
v 3.00x10° m/s
f>=6.0x10° MHz b Ay=—=

£ 6.0x10"Hz

A =[5.0%x10"m

8
v 3.00x10°m/s
f3=3.0x10'"> MHz cly=o =0
f;  3.0x10"¥Hz

A3=11.0x101"m

3. 1=633nm v 3.00x10%m/s
f_ —
—633%x107 m A 633x107m
r=3.00%10% m/s f=14.74x 10" Hz
4. f=256Hz a. vy, = Agif = (1.35m)(256 Hz)
Aair =1.35 m Vgir = | 346 m/s

Vyater = 1500 m/s

Vwater _ 1500 m/s

b. 4 =
water = ¢ 256 Hz

Aater = | 5.86 m

Vibrations and Waves, Section 3 Review

5. 1=0.57cm=57x10"m e 340 m/s
v =340 m/s A 57x107°m

f=16.0x10" Hz

Vibrations and Waves, Chapter Review

8. m=0.40kg —kx—mg=0
x=-3.0cm L ~m8 _ ~(040kg)(9.81 ms’)
g=9.81 m/s? x —0.030 m

9. x=-0.40m -F 230N
k=—=———=|580N/m
o0 m = LN/

Copyright © by Holt, Rinehart and Winston. All rights reserved.

F=230N x
1 L
19. f=0.16 Hz T=—=27r\/:
2 f i
ag=g=9.81m/s 5
a;  (9.81m/s7)

L= Qap?  (47%)(0.16 Hz)?

I Ch. 11-4  Holt Physics Solution Manual
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Givens

20.

L;=0.9942m

L,=0.9927 m

Solutions

a. Because a pendulum passes through its equilibrium position twice each cycle,

T=(2)(1.000s) = [2.000s .

4m’L,  (47%)(0.9942m)
G=—"r3 = 3
T (2.000's)

a,=|9.812 m/s’

4m’L,  (47%)(0.9927 m)
G=—"7 = 2
T (2.000 5)

21. k=1.8%10° N/m

m 1.5kg
a. T=27 |— =20 |—5——
k 1.8 x10° N/m

m=1.5kg
1 1
b. f=—= =|1.8Hz
e
34. f=25.0Hz . _18cm
! a. amphtude—T—
74 =10.0cm

2(amplitude) = 18 cm

b. A =(2)(10.0 cm) =
1 1
c. T=—= =10.0400
o
d. v = Af = (0.200 m)(25.0 Hz) =

35. v =3.00 x 10® m/s
£=9.00x 10° Hz

8
v 3.00x10° m/s
/l=?= 00X 100 Hy L3P m

44. k=230 N/m

x=-6.0cm

F=—kx
F=—(230 N/m)(—0.060 m)

45. x=-2.0cm

F =—kx=—(85N/m)(—0.020 m)

k=85N/m F=
46. 1=0.15m Because a wave is generated twice each second, f = .

1 1
T=—= =10.50s

= 2ot~ 0308
v=Af=(0.15m)(2.0 Hz) = | 0.30 m/s

Section One—Student Edition Solutions 1 Ch. 11-5
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47. v =343 m/s
At=2.60s

Solutions

vAt (343 m/s)(2.60 s)
Ax=—=——"—""—"=|446m
: ;

48. f,= 196 Hz
f,=2637 Hz
v =340 m/s

v 340 m/s
Aj=—=———=[173m
1 fl 196 HZ -
1 v 340 m/s 0.129
=== . m
2T, 2637Hz

49. L =0.850 m
T=186s

\F
T=2r |—
g

47°L  (47%)(0.850 m) 5
a.= = =19.70 m/s
R A T

50. v =1.97 x 10% m/s
A=381x10"m

3
v 1.97x10°m/s
f=o=—"————=]517x10"Hz
A 3.81x107"m

51. agmoon =1.63 m/s’
At=24h

Qg Earsy = 9-81 m/s”

L
Tarn =270
Ag>Earth
L
Toon =27 P

g2 1moon
2
Tmuon _ ag’Earth _ 9.81 m/s — 245
Trarth N Ggmoon N 1.63 m/s”
The clock on the moon runs slower than the same clock on Earth by a factor of 2.45.
Thus, after 24.0 h Earth time, the clock on the moon will have advanced by

24.0h
T =080 h=9h+ (0.80 h)(60 min/h) =9 h, 48 min

Thus, the clock will read

Vibrations and Waves, Standardized Test Prep

2. F=70N F=—kx

x=-0.35m F 70N

ke Fo__OON) 2.0 x 10' N/m
x (—0.35m)

= 48k
6. m=48kg T:Zﬂ\/E:ZE/ 5 :27z><25:

k=12 N/m k 12N/m
9. t=2.0 min f=12 cycles/120 s=|0.10 Hz

I Ch. 11-6  Holt Physics Solution Manual
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Givens Solutions
10. L =2.00m Ay At
3 oscillations = — = L
a,=9.80 m/s T 2r[—
g
At =5.00 min
o (5.00 min)(60 s/min)
oscillations =
(2”)( 2.00m )
V 9.80 m/s?
oscillations =
16. A1=1.20m 8
v=Af=(1.20 m)|——|=10.800 m/s
8 -]
f= 12.0's

17. 2=520x10" m

v=3.00x% 10% m/s

8
v 3.00x10° m/s
R rrr= ks 5.77 % 10" Hz
.20 X m
1 1
T=—=————=|173x10"s
f 577x10" Hz

20. T=9.49s
ag=g=9.81 m/s*

L
T= 271\/:
g
T?a,  (9.495)%(9.81 m/s’)

L=—— 2

ir irm

40.0
21. f= (ﬁ) Hz

425 cm 4.25
v= =|——|m/s
10.0s 10.0

4.25
(—10 0) m/s
v .
A=—=—————=10.319m
e
—|Hz
30.0

Section One—Student Edition Solutions
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Student Edition Solutions

Sound

Sound, Practice A

Givens Solutions
1.r=50 . ) P 0.25W =
r m a. intensity = 12 = 5=[8.0x10 4 W/m?
P,=025W 47re (47)(5.0 m)
P 0.50 W -
P, =050 W b. intensity = —= = ~=|1.6x 107 W/m®
47re (4m)(5.0m)
. . P; 20W - >
P;=20W C. intensity = 3= 7=16.4%x10" W/m
dmr (47)(5.0 m)
. P=70. ) ) j2 70.0 W —
2. P=700W intensity = 5 = 7 =[8.91x10 > W/m?
r=250m Arr (47)(25.0 m)
3. intensity = 4.6 x 10~/ W/m?> P = (intensity)(471%) = (4.6 X 107 W/m?)(47)(2.0 m)* = | 23X 10° W
r=2.0m

4. intensity = 1.6 X 107> W/m? P= (intensity)(47rrz) =(L.6x107° W/mz)(47r)(15 m)2 =

r=15m

5. P=035W [ p 0.35W
- - = -4.
’ \/ (intensity) (47) \/(1.2 X 107> W/m?)(47) o

intensity = 1.2 X 107 W/m?

o]

Sound, Section 2 Review

—11

4. decibel level = 10 dB intensity at 10 dB=1.0 x 10'" W/m? (See Table 2 of this chapter in the textbook.)

P=0.050 W /

P [ 0.050 W 1
r= = =[20Xx10"m
V (intensity)(47) V(1.0 x 1071 W/m?)(47) -

Sound, Practice B

1.L=020m o (1)(352m/s)

fi=a~ (4)(020m) 440 He

v =352 m/s

2. L =66.0cm nv (1)(340 m/s)
f= = T 1960 H
) = 340 mis 5L (2)(0.660 m)
f=2f; = (2)(260 Hz) = 520 Hz |
f5=3f= (3)(260 Hz) = [ 780 Hz |

Section One—Student Edition Solutions 1 Ch. 12-1



Givens Solutions

3. v=115m/s nv  (1)(115m/s) B

a.fj=—-=

= = 82.1 Hz
2L;  (2)(0.700 m)

L;=70.0cm

1)(115 m/
L, =50.0 cm b. £, v (U5 m/s)

=—= 115 Hz
2L, (2)(0.500 m)

nv  (1)(115m/s)
L;=40.0 cm C.fl=—=-"—"—|144Hz
2L; (2)(0.400 m)

4. [ =50.0cm fi2L (440 Hz)(2)(0.500 m)
v=—"-= =440 m/s
; 1

f1=440Hz

Sound, Section 3 Review

1. f,=262Hz f,=2f;=(2)(262 Hz) = | 524 Hz

2. f;=264Hz fi2L (264 Hz)(2)(0.660 m)
v=—"T= =|348 m/s
p 1

L =66.0cm

Sound, Chapter Review

P 31x107°W
22. P=31x10°W intensity = = =1.0x 107> W/m® =70 dB
Y ST (5.0 m)? -

r=50m
. P =100. . . P 100.0 W =
23. P=100.0W intensity = 7= 7 =796 x 10 2 W/m?
+=10.0m 47r (47)(10.0 m)
1)(274.4 m/
34. L=31.0cm f1=ﬂ/=u= 443 Hz
2L (2)(0.310 m)
v=2744m/s
f,=2f; = (2)(443 Hz) = | 886 Hz
f3=3f;=(3)(443 Hz) = | 1330 Hz
. L=2. 1)(340 m/
35. L=2.8cm f1=£/=()( ms)=3.0x103Hz
) = 340 m/s 4L (4)(0.028 m)

36. f;=320Hz nv  (1)(331 m/s)
a.L=—=—"—""—"—"""=052m=|52.0
2f1 (2)(320 HZ) m

v =331m/s
b. f, = 2f; = (2)(320 Hz) =
f5=3f;= (3)(320 Hz) =

I Ch. 12-2  Holt Physics Solution Manual
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Givens Solutions

37. f1=132Hz number of beats each second = f, — f;=137 Hz— 132 Hz =
f,=137Hz
LU= 343
38. =343 m/s 11:1: m/s:
fi=20Hz fi 20Hz
f>=20000 Hz Lo Lo 3Bwmls oo
2= " 0000t
. = A 150 2
39. Ax = (150 m)(2) At:_x:( m)( ):
v=1530 m/s v 1530m/s
40. L =2.46m nv  (1)(345m/s)
a.fj=—=-———"""" (701 Hz
v =345 m/s 2L (2)(2.46 m)

nv
b. — < 20000 Hz
2L

(20000 Hz)(2)(L) _ (20000 Hz)(2)(2.46 m) _
"= v - 345 m/s -

41. f; ey =261.6 Hz v

Lopen =TT
f3,closea =261.6 Hz (fl’opm)(Z)
Lo v
closed (f3,clased) (4)
3v
Letosed _ (J(S,closed) (4) _ (3)(f1,open)(2)
Lopen 71/ (f3,closed) (4)
(f1,0pen)(2)

Letosed _ § _ L5

Lopen 4 1

Because f],open = f3,closed>

| (Letosea) = I'S(Lopen) |

42.f=2.0><104Hz AZK:LHZS: 1.9%10 2 m
f 20x10°Hz

v =378 m/s

43. decibel level =130 dB a. intensity at 30 dB = 1.0 x 10" W/m? (See Table 2 of this chapter in the textbook.)

r=20.0m P = (intensity)(47r%) = (1.0 x 10! W/m?)(47)(20.0 m)* = [ 5.0 x 10* W

. 2 ) 2
diameter = 1.9 x 1072 m b. area = 7[( dlameter) ( 1.9x10 “m )

2

P = (intensity)(area) = (1.0 x 10" W/m?)(7)

P=[28x107°W

(1.9x 102 m )2

Section One—Student Edition Solutions 1 Ch. 12-3



Sound, Standardized Test Prep

Givens Solutions

4
8. v=1.0x10*m/s A=t LA mls T m
f 20x10""Hz

f=2.0x10""Hz

10. /,=165Hz 5
v=120m/s

= ==

120 m/s
Th 165Hz

12. f;=250 Hz f3=3f1=(3)(250HZ)=

13. L=1.0m 2.1 1
As=—-L=-L=—(1.0m)={0.33m
o= L=3L=2(10m) =[033 m]

14. P=250.0W P 2500W 5
I= = 1047 W/m
47r® 47(6.5 m)?

r=6.5m

15. A=5.0x 10" m? P= (intensity)(A) = (1.0 X 10° W/m?)(5.0 X 10> m?) = [ 5.0 x 10° W

intensity =
1.0 x 10° W/m?

16. A=5.0x10" m’ P= (intensity)(A) = (1.0 x 1072 W/m?)(5.0x 10> m?) = [ 5.0x 107 W

intensity =
1.0 x 10712 W/m?

17. f;=456 Hz v
fi=—
2L

v 331 m/s
L=—=—=]0.363m
TAREITERTT

v=331m/s

18. f;=456 Hz fo=2f;=2(456 Hz)=| 912 Hz

19. v=367 m/s v 367 m/s
=—=——"—— =506 Hz
=51 (2)(0.363 m)

L=0.363 m (see 17.)

I Ch. 12-4  Holt Physics Solution Manual
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Student Edition Solutions

Sound

Sound, Practice A

Givens Solutions
1.r=50 . ) P 0.25W =
r m a. intensity = 12 = 5=[8.0x10 4 W/m?
P,=025W 47re (47)(5.0 m)
P 0.50 W -
P, =050 W b. intensity = —= = ~=|1.6x 107 W/m®
47re (4m)(5.0m)
. . P; 20W - >
P;=20W C. intensity = 3= 7=16.4%x10" W/m
dmr (47)(5.0 m)
. P=70. ) ) j2 70.0 W —
2. P=700W intensity = 5 = 7 =[8.91x10 > W/m?
r=250m Arr (47)(25.0 m)
3. intensity = 4.6 x 10~/ W/m?> P = (intensity)(471%) = (4.6 X 107 W/m?)(47)(2.0 m)* = | 23X 10° W
r=2.0m

4. intensity = 1.6 X 107> W/m? P= (intensity)(47rrz) =(L.6x107° W/mz)(47r)(15 m)2 =

r=15m

5. P=035W [ p 0.35W
- - = -4.
’ \/ (intensity) (47) \/(1.2 X 107> W/m?)(47) o

intensity = 1.2 X 107 W/m?

o]

Sound, Section 2 Review

—11

4. decibel level = 10 dB intensity at 10 dB=1.0 x 10'" W/m? (See Table 2 of this chapter in the textbook.)

P=0.050 W /

P [ 0.050 W 1
r= = =[20Xx10"m
V (intensity)(47) V(1.0 x 1071 W/m?)(47) -

Sound, Practice B

1.L=020m o (1)(352m/s)

fi=a~ (4)(020m) 440 He

v =352 m/s

2. L =66.0cm nv (1)(340 m/s)
f= = T 1960 H
) = 340 mis 5L (2)(0.660 m)
f=2f; = (2)(260 Hz) = 520 Hz |
f5=3f= (3)(260 Hz) = [ 780 Hz |

Section One—Student Edition Solutions 1 Ch. 12-1
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Givens Solutions

37. f1=132Hz number of beats each second = f, — f;=137 Hz— 132 Hz =
f,=137Hz
LU= 343
38. =343 m/s 11:1: m/s:
fi=20Hz fi 20Hz
f>=20000 Hz Lo Lo 3Bwmls oo
2= " 0000t
. = A 150 2
39. Ax = (150 m)(2) At:_x:( m)( ):
v=1530 m/s v 1530m/s
40. L =2.46m nv  (1)(345m/s)
a.fj=—=-———"""" (701 Hz
v =345 m/s 2L (2)(2.46 m)

nv
b. — < 20000 Hz
2L

(20000 Hz)(2)(L) _ (20000 Hz)(2)(2.46 m) _
"= v - 345 m/s -

41. f; ey =261.6 Hz v

Lopen =TT
f3,closea =261.6 Hz (fl’opm)(Z)
Lo v
closed (f3,clased) (4)
3v
Letosed _ (J(S,closed) (4) _ (3)(f1,open)(2)
Lopen 71/ (f3,closed) (4)
(f1,0pen)(2)

Letosed _ § _ L5

Lopen 4 1

Because f],open = f3,closed>

| (Letosea) = I'S(Lopen) |

42.f=2.0><104Hz AZK:LHZS: 1.9%10 2 m
f 20x10°Hz

v =378 m/s

43. decibel level =130 dB a. intensity at 30 dB = 1.0 x 10" W/m? (See Table 2 of this chapter in the textbook.)

r=20.0m P = (intensity)(47r%) = (1.0 x 10! W/m?)(47)(20.0 m)* = [ 5.0 x 10* W

. 2 ) 2
diameter = 1.9 x 1072 m b. area = 7[( dlameter) ( 1.9x10 “m )

2

P = (intensity)(area) = (1.0 x 10" W/m?)(7)

P=[28x107°W

(1.9x 102 m )2

Section One—Student Edition Solutions 1 Ch. 12-3



Sound, Standardized Test Prep

Givens Solutions

4
8. v=1.0x10*m/s A=t LA mls T m
f 20x10""Hz

f=2.0x10""Hz

10. /,=165Hz 5
v=120m/s

= ==

120 m/s
Th 165Hz

12. f;=250 Hz f3=3f1=(3)(250HZ)=

13. L=1.0m 2.1 1
As=—-L=-L=—(1.0m)={0.33m
o= L=3L=2(10m) =[033 m]

14. P=250.0W P 2500W 5
I= = 1047 W/m
47r® 47(6.5 m)?

r=6.5m

15. A=5.0x 10" m? P= (intensity)(A) = (1.0 X 10° W/m?)(5.0 X 10> m?) = [ 5.0 x 10° W

intensity =
1.0 x 10° W/m?

16. A=5.0x10" m’ P= (intensity)(A) = (1.0 x 1072 W/m?)(5.0x 10> m?) = [ 5.0x 107 W

intensity =
1.0 x 10712 W/m?

17. f;=456 Hz v
fi=—
2L

v 331 m/s
L=—=—=]0.363m
TAREITERTT

v=331m/s

18. f;=456 Hz fo=2f;=2(456 Hz)=| 912 Hz

19. v=367 m/s v 367 m/s
=—=——"—— =506 Hz
=51 (2)(0.363 m)

L=0.363 m (see 17.)

I Ch. 12-4  Holt Physics Solution Manual
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Student Edition Solutions

Light and Reflection

Light and Reflection, Practice A

Givens

1. f=3.0x10* Hz
c=3.00x10% m/s

Solutions

8
¢ 3.00x10° m/s -
l:?:m: 1.0x 10 lsm
O X VA

2. f;=88 MHz
f, =108 MHz
c=3.00x 10% m/s

8
¢ 3.00x10°m/s
D 88%x107Hz 34m]

8
¢ 3.00x10°m/s
Ap=—=" T 21278 m]
2T 1.08x 108 Hz

3. f;=3.50 MHz
f,=29.7 MHz
c=3.00x10% m/s

8
¢ 3.00x10°m/s
T, T 350 x 108 Hz 857 m]
8
¢ 3.00x10°m/s
2T 2.97x107 m/s 101 m]

4. 1=1.0km
c=3.00x 10% m/s

3.00 x 10 m/
feo=2m 2 [30x10° He
A 1.0x10°m

5. A =560 nm
c=3.00x 10% m/s

/e ¢ 3.00x10° m/s

2 W: 5.4 % 1014 Hz
O X m

6. A=125nm
c=3.00x10% m/s

3.00 x 10% my/
fes=t et 40X 105 Hy
A 1.25%X10"m

Light and Reflection, Section 1 Review

2. f=757x10"Hz
c=3.00x 10% m/s

¢ 3.00x10%m/s —
=—=——————=1396x10" m
f 757x10"Hz

Light and Reflection, Section 2 Review

2.

The normal to the surface of the mirror is halfway between 12 o’clock and 5 o’clock.

o-ison 2]
0 =6=

Section One—Student Edition Solutions
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Light and Reflection, Practice B

Givens Solutions
1. p;=10.0cm 1 1 1 1 1
b1 —=———= - =0 | no image (infinite q)
pr= 5.00 cm qi f p1 10.0 cm 10.0 cm
f=10.0cm i 1t vt 1
g f p» 10.0cm  5.00 cm
1 0.100 0.200 -0.100
q; lcm 1lcm 1 cm
-10.0
m=-2- | 2.00 | |virtual, upright image
p 5.00 cm
2. f=33cm 1 1 1 1 1
p=93cm qg f p 33cm 93cm
1 0030 0.011 0.019
q “lem lem  lem
53
M=-1__2T_ | -0.57 | | real, inverted image
p 93 cm
3. p=25.0cm 2_1+1
q=-50.0 cm R p g
SR 1 . 1 1
R 2p 2q (2)(25.0cm) (2)(=50.0cm) 50.0cm  1.00 X 10% cm

1 0.0200 0.0100 0.0100

R 1cm lem  lcm
R=[1.00x 10> cm

—50.0 cm
yo__ —500cm

= | 2.00 | | virtual image

p  25.0cm

4. concave spherical mirror
p;=11.0cm
p>=27.0cm
q;=13.2cm

1 1 1 1
—=—t-= +
f p q 11.0cm 132cm

1 _ 00909 00758 _0.1667

f cm cm cm

- eanen

I Ch. 13-2  Holt Physics Solution Manual
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Givens Solutions

p=27.0cm 1 1 1 1 1

q f p 599cm 27.0cm

1 _0.1667 0.0370 0.1297

q lcm lcm lcm
M:—ﬂz—mz|—0.286| |realimage|

p 27.0 cm

Light and Reflection, Practice C

Copyright © by Holt, Rinehart and Winston. All rights reserved.

1. 4=23.0cm 1 1 1 1 1
B =1.70 cm p f g 460cm 23.0cm
f=46.0 cm rr 2z -l
p 460cm 46.0cm 46.0cm
-
h  —q 23.0cm . .
M=—=—=—-——"——= | 0.500| | virtual, upright image
h p —46.0 cm
B 1.70 cm
h=—= =[3.40cm
M om0 A0
2. f=-025m 11 .
q=-0.24m p f g —025m —024m
K’ =0.080 m 1_ 024 025 _ 001
p 0.060m 0.060m 0.060m
M= 4. T0%m
p 6m
M= | 0.04 | | virtual, upright image |
ph' (6 m)(0.080 m)
h= = T =|2m
q (=0.24 m)
3. f=-33cm 1 1 1 1 1
q:—19 cm p f q =33 cm —19cm
h =7.0cm 1 -19 33 14

= + =
p 630cm 630cm 630 cm

he ph’ _ (45 gj;(z;g)cm) _

q

k' 7.0cm
M= — =
h 17 cm

= | 0.41 | |Virtual, upright image |

Section One—Student Edition Solutions 1 Ch. 13-3



Givens Solutions
4. R=-0.550 m 1,12
p=31m p g9 R
1 2 1 2 1
q R p -0550m 3.1m
1 B -3.64 0.32 _ 4.0
q T 1lm Im 1m
—-0.25m
M= -4 == | 0.081 | |virtual, upright image
p 3.1m
—6.00
5. 0= _ s00em L1212 1
q R p -300cm 10.5cm
p=10.5cm 1 0667 00952 —0.762
q 1cm 1cm 1cm
—-1.31
M=- 4_—=2 _ | 0.125 | |virtual, upright image
p -10.5cm
6. p=49cm 1 1 1 1 1
f=-35cm qg f p -35cm 49cm

1 -0.029 0.020 -0.049

q 1cm lcm 1cm
q=|-2.0x 10" cm
q  —20x10"'cm : —
M=_-2t=-__--" " - | 0.41| |v1rtual, upright image
p 49 cm

Light and Reflection, Section 3 Review

1. R=-15cm 1 2 1 2 1
p=11lcm 4 R p -l5cm llcm
1 -13 091 -22
q lcm lcm lcm
—0.45 cm
M=—2=——=|0.41| |Virtual, upright image
p 1.1cm
2. M=-95 13 m
p-f=- 22 [oiin]
g=13m M

I Ch. 13-4  Holt Physics Solution Manual
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Givens

5. R=265.0m

Solutions

1 1 2
_+_—

p g9 R

Because objects in space are so far away,

1

— = 0; therefore,

p

1 2 2 7547x107
q R 265.0m 1m

Light and Reflection, Chapter Review

10. f;=7.5x 10" Hz
£,=1.0x 10" Hz
¢=3.00x 10° m/s

c 3.00x 108 m/s

_f1 75><1014 40><10 "m

c 300><108m/s
12: = 15 30)(10 rn
. 1ox10

11. ¢=3.00x 108 m/s
f=3x10"Hz

c 300><10 m/s
—-= = 1><10 m
f 3% 10%H,

A=

12. f=99.5 MHz
c=3.00x10% m/s

¢ 3.00x10%m/s
A=—="—""—=[302m
f 9.95x 107 Hz

13. f=33GHz
c=3.00x10% m/s

8
3.00 X 10
A= 8o 300X10 ms o0
f 33x10"0Hz

34. R=25.0cm
p=45.0cm

p=25.0cm

1 1 2
a.—+-==
P q R
1 2 1 2 1
q R p 250cm 45.0cm
1 0.0800 0.0222  0.0578
q ~ lcm lem  lcm
q=17.3cm
17.3 cm
M=- 1__ = | —0.384| | real, inverted image
p 45.0 cm

2 1 2 1

b 1
.q R p 250cm 25.0cm

1 0.0800 0.0400  0.0400
q ~ lcm lem  lem
q=25.0cm
25.0 cm
M=- 1__ = |—1.00 | | real, inverted image

p 25.0cm

Section One—Student Edition Solutions
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Givens Solutions
p=5.00cm c 1 2 1 2 1
g R p 250cm 5.00cm
1 0.0800 0.200 —0.120
q " lom lem  lcm
q=-8.33cm
-8.33
M=-1_-_ —cm:| 1.67| |Virtual, upright image
p 5.00 cm
35. f=85cm 1 1 1 1 1
—= e - == 4 —
q=2p fop a p 2
13
foep
3f
p==
2

q=12p=3f=3(85cm) =
m="4 :_T?p = | real, inverted image |

36. R=—45.0cm
h'=1.70 cm

q=-15.8 cm

p
1 1 2
—_ ==
p a R
12 1 2 1
p R gq -450cm -158cm
1 —-0.0444 N 0.0633  0.0189
p cm cm 1 cm

—q (—15.8 cm)
M=—=————=[0.299
p (52.9 cm)

—ph' 52.9 1.70
h= o ( cm)( cm) = | 5.69 cm | |virtual, upright image
q (—15.8 cm)

46. M =-0.085

q=35cm

q 35cm 2
p=——=-— =[4.1x10" cm
M —-0.085

1 1 1 1 1

S T S
f p q 4l0cm 35cm

1 0.0024 N 0.029 0.031

f_lcm lem  lem

f-[em

R=2f=(2)(32cm) = | 64 cm | | real, inverted image

I Ch. 13-6  Holt Physics Solution Manual
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Givens Solutions
47. M =-0.75 4.6
pe Lot [
q=4.6cm M —0.75
1 1 1 1 1
—=—4 =
f p g 6lcm 46cm
1 016 022 038
f_lcm lcm  1cm
—|26cm| |real inverted image
48. p=155cm 1
P o 4 1
M ! P
= ot
2
2 1 1 1 2 1
—_=—t = — == —
R p q p p p
R=-2p =(-2)(15.5 cm) =
49. p;=15cm 1 1 1 1 N 1
q;=8.5cm f pr q 15cm  8.5cm
=25 cm 10067 012 _ 019
f lecm lcm lcm
1 1 1 019 1
0 f p2 lecm 25cm
1019 0040  0.15
q, lcm lcm lcm
q2:|6.7 cm| |realimage|
qi 8.5cm
My=— 2= =1-0.57
T T
6.7
M2:—2:— n :|—0.27| |both images are inverted
D2 25cm
50. p=195cm LR U S S
g=-12.8cm f p q 195cm -12.8cm
1 _ [513%107 / 7.81x107%)  -7.30x 107
1cm \ 1 cm 1cm
-12.8 cm
m=-4- 2o | 0.0656 | |virtual, upright image
p 195 cm
51. R=-113cm q
M=-2=-
1 p 3
M=3 =2
3
2 1 1 1 3 2
—_=— = ——=——

Section One—Student Edition Solutions
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Givens Solutions

52. p=10.0 cm g  2.00x10%cm
M=_td-_=2""7"" =

= | -20.0 | | real, inverted image

Let 0; and 6, be the angles of incidence at the first and second surfaces, respectively.
Triangle 1:

20;+26, + ¢ =180°

¢ =180°—2(6,+ 65)

Triangle 2:

/
Triangle 2

(90° — 6)) + (90° — 6,) + 0 = 180°
9 = 91 + 02

Substitute this 6 value into the equation for ¢.

¢ =180°—-20

54. R=c

+
g o =l

+

I
(=]

+
RI= Q= -

—_

SO e~ B B~ B B A

55. p=70.0cm—20.0 cm 2
=50.0 cm R

1 1 1 1

—=—+—= +

R 2p 2q (2)(50.0cm) (2)(10.0 cm)

1 0.0100 0.0500 —0.0400

q=10.0cm —20.0 cm

=-10.0 cm

= |

1cm 1cm lcm

56. QI=_30~0 cm a. R1=—R2

g, =-10.0 cm

RIZ—RZ RI - R2

I Ch. 13-8

11 11
_+—=—<—+—) where p;=p,=p

P14 P2 4
2 1 1 1 1
S _ +
p q 492 —-30.0cm 10.0 cm
2 0.0333 0.100 0.133
p 1cm 1cm 1cm
2
p= e =[50en]

0.133

Holt Physics Solution Manual
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Givens

Solutions

1 1 1 1
—+—= +

p q; 150cm -30.0cm
0.

2 0667  0.0333  0.0334
R - 1cm 1cm - 1cm

q; -30.0 cm
c. M, =-—=-——=/2.00
concave P 15.0 cm -
q> —10.0 cm
M, =-—==-——=0.667
convex p2 150 cm -

57. h=270cm

q _h'" 540cm

M=—=—= = | 2.00 | |Virtual image |
p= 12.0 cm p h 2.70 cm
h' =540 cm q=—-Mp=—(2.00)(12.0 cm) =—-24.0 cm

2 1 1 1 1

—=s4-= +

R p g 120cm -24.0cm

2 0.0833 0.0417 0.0416

R lecm lem  1lcm

2
Torgem =48 cm]
58. f=75cm Locate the image of the coins formed by the upper mirror:

p;=7.5cm 1 1 1 1 1

q B f D ~75cm 75cm

Thus, g; =oe.

Now, locate the final image, realizing that parallel rays are reflected toward the lower

mirror by the upper mirror; thus, p, = ce.

1 1 1 1 1 1

qz_f p2_7.5cm_oo_7.5cm

q>=7.5cm

M=M;M, = <—ﬂ><—2) where q;=p,
pP1)\ P2

7.5
M:g— cm

= =1.0
P 7.5 cm
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Givens Solutions

59. For a convex mirror:

f<Oorf==|f]
11 1 p+lf]

a -l » oAl

___»lfl
p+If]

Mz_ﬂ=_1<_ plf] )z plf]
p o\ p+lfl) p+|fl

For a real object (p > 0), 1 > M > 0; this means that the image is an upright, virtual
image.

For a spherical mirror, the image is virtual and upright if p < |f| and f < 0. For f > 0:
f>0,0r f=+|f|
1_ 1 1_p-If]

a Il olf

__plf]

Y
:_ﬁ:_l< plf| ): /1
p pp-Ifl) Ifl-p

When p < |fI, M > 1; thus the image is enlarged, upright, and virtual.

60. h
tan 6 =—
tan 6’ = —
q
0= 0';thus,tan O =tan 0.
h W
p q
Cross multiply to find the magnification equation.
h/
M=—= —ﬂ
hop

From two other triangles in the figure, we note that:

’

tan o = and tan ¢ = —
p—R R-gq

so that

h’_ R-q ¢

h p-R p

Cross multiply to find the following:
p(R=q)=q(p =R
PR—pg=qp—4qR

R(p+4q)=2pq
2_ptq_1.1
R pg q p

I Ch. 13-10 Holt Physics Solution Manual
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Light and Reflection, Standardized Test Prep

Givens Solutions
7. p=150cm 11 1 1 1
1.1 .
q=-6.00 cm f p g 150cm —6.00cm
0

.0667  0.167 —0.100

1
f

cm
j- v

cm cm

8
9. 1=55um=55x10"°m f=£=3‘00X710_6m/5= 5.5% 10" Hz
A 55x10°m

c=3.00x 10% m/s

8
19 ¢ 3.00x10°m/s -
13. f=5.0x10" Hz A=—=—=|6.0><10 12m=6.0pm|

) f 5.0x10Y/s
¢=3.00x 10" m/s

Copyright © by Holt, Rinehart and Winston. All rights reserved.

15. p=30.0cm 2_ 1.1
R=20.0 cm Ropoa
1 2 1 2 1
q R p 200cm 30.0cm
1 600 200  40.0
q 600cm 600cm 600cm
= 1 1 1 1 1
16. p=30.0cm o4
g=15.0cm f p g 300cm 150cm
1__150 300 _ 450
f 450cm 450 cm 450 cm
=[50
_ -q -15.0cm
17. p=30.0cm M=—q=—= —0.500
g=15.0cm p 30.0 cm
18. h=12cm M:%

M=—-0.500
W' = Mh=(=0.500)(12 cm) =

Section One—Student Edition Solutions 1 Ch. 13-11
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Student Edition Solutions

Refraction, Practice A

Refraction

Givens Solutions
1. n;=1.00 n;(sin 0;) = n,(sin 6,)
n,=1333 n; 1.00
6, =sin™!| —(sin 6;) | = sin™'| ———(sin 25.0°) | = | 18.5°
6; =25.0° ' . ' 1.333
2. n;=1.66 n;(sin 0;) = n,(sin 0,)
n, = 1.52 n: 1.66
a. 6, =sin" —L(sin 6;) =sin~! ——(sin 25.0°) |={27.5°
0;=25.0° ’ n, ' 1.52
n;(sin 6;) 1.00(sin 14.5°) -
b. n,= - L= =1.47 | glycerine
n;=1.00 " sin6, sin 9.80°
6, = 14.5°
6, =9.80°
n; 1.00
c. 0, =sin"!| —(sin 6;) | =sin™" in 31.6°) |=[12.5°
7 = 1.00 ). =sin { r(sm l)} sin 2.419(sm )
n,=2.419
6;=31.6°
3. 6,=40.0° n,(sin 6;) = n(sin 0,)
0,=26.0° . ni(.sin 6) _ (1.00.)(sin40.0°) _
n; =1.00 sin@, sin 26.0°

Refraction, Section 1 Review

r

1. n;=1.00 ni(sin 6;) = n,(sin 6,)

2: : 212323 6, = sin_l{%(sin 9,-)} = sin_l[ 11.'30303 (sin 22.5")} =
3. n;=1.00 nisin ;) = n,(sin 6,)

Z: ;4;9 6,= sinl{ﬂ(sin ei)} = sinl{ 21.;10109(5111 15.00)} =

Section One—Student Edition Solutions
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Refraction, Practice B

Givens Solutions
1 1 1
1. p=20.0cm —+-=-
poa f
f=10.0cm
11 11 1
q f p 10.0cm  20.0cm
1 0100 0.0500 0.0500
qg lcm 1cm 1 cm
20.0
M:—ﬂ =- o |—1.00 | |real, inverted image
p 20.0 cm
2.f=150cm 11 11 12 3
p=10.0 cm q f p 150cm 100cm  30.0cm  30.0cm
1 -1
q 30.0cm
3. p=20.0cm 11 1 1 1
f: ~10.0 cm q f p —10.0 cm 20.0 cm
1 -0.100 0.0500 -0.150
q ~ 1lem lem  lcm
—6.67
Mm=-2__ 227 |0.333| |Virtual, upright image
p 20.0 cm
4. f=60cm 111 1 1
a.-—-=—--—= -—
g=-3.0cm p f g 60cm -3.0cm
1017 -033 050
p lcm 1lcm 1cm
q -3.0cm
=—Jd=_ =[15
p 2.0 cm .
1 1 1 1 1
f=29cm b.- = - — —= _
p f g 29cm 7.0cm
=7.0
a=7oem 1034 014 _ 020
p lcm 1lcm 1lcm

z_ﬂ:_7.0cm=

p 5.0cm

I Ch. 14-2  Holt Physics Solution Manual
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Givens Solutions

f=-6.0cm c_l:l_l: 1 - !
q f p —-60cm 40cm
=4.0 cm
b 1 -017 025 —0.42
q lcm lcm 1cm

q —2.4cm
M=-2=— =
p 4.0 cm m
p=5.0cm d. g=-Mp=—(0.50)(5.0 cm) =
f p g 50cm -25cm
1 020  —-0.40 —0.20
f lcm lcm lcm

=T

Refraction, Section 2 Review

3. f=40cm l+l:l
p=30cm+40cm=70cm P 4 f
1.1
a f p
1_ 1 1 _ 7 4 _ 3
E_ (4.0 cm) N (7.0 cm) " 28cm  28cm  28cm

28 cm
= =19.3cm
q="——=[93 cm]

4. p=7.0cm q
g=9.1cm p 7.0 cm

Refraction, Practice C

n
1. n;=1473 sin B, =—
n;
n, = 1.00
n 1.00
0, =sin" Y| | =sin7{ —— | = | 42.8°
‘ (n,) 1.473 -

2. n;=1473 i n 1.333
0. =sin"!| | =sin"!| = | = | 64.82°
s 2| 5 e

n,=1333

3. n;=1.309 i n 1.00
0. =sin" Y —|=sin7{ —— | = | 49.8°
‘ ( ) (1.309) o8

1, =1.00

Section One—Student Edition Solutions
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Givens
4. n;=2.419

1, =1.00

n; =2.20
n,=1.00

Solutions

n;

n 1.00
cubic zirconia: 6, = sin”} — | = sin™}{ — =m
‘ (ni 2.20 2700

n 1.00
diamond: 6. = sin”!| = | =sin”!| —— | = 24.4°
¢ ( ) 2.419 -

Refraction, Section 3 Review

1. n,=1333
n, = 1.309

. ny
sin 6, =—
n;

n 1.309
0. =sin"![ | =sin"{| ——|=79.11°
‘ (n) 1.333 o]

1

Refraction, Chapter Review

10. n;=1.00 n;(sin 6;) = n,(sin 6,)
n,=1.333 1.00
(9=sin1 51n9) =sin~ (sin 42.3°) | =30.3°
0;=42.3° ' n, 1.333
11. #;=1.00 n;(sin 6;) = n,(sin 6,)
n,=1.333 . 1.00
' 6, = sin”! E(sin 6)|= sin~! (sin 36°) | =|26°
6; =36° n, 1.333
12. n;=1.00 n;(sin 6;) = n,(sin 6,)
n,= 1.333 n: 1.00
6, =sin”!| —(sin 6;) | = sin™!| ——(sin 35.0°) | = [ 25.5°
0;=35.0° ' n, ' 1.333

13. 6,,=30.0°

n;(sin ;) = n,(sin 6,)

n; ;= 1.00 air to glass:
=1.50 1l mig, . . _1] 1.0O |
M1 0, ;=sin I 2L(sin 0; ) |=sin I ——(sin 30.0°) | = 19.5°
' g b 1.50
0,1—300031’1(1 9,1—19 5°
glass to air:
0;, = 0,1 because they are alternate interior angles. 6, ,= 6; ; because of the
reversibility of refraction; thus, | 6;,=19.5°and 6, ,=30.0°
14. 6,=20.0° n;(sin ;) = n,(sin 6,)
n; = 1.00 " 1.48
. :1. 0 — —1 Mo o —1 . . o _ 1)
n, =148 air to oil: 6; = 6; =sin { i(sm 99} =sin {—l‘oo(sm 20.0 )} =
n; 1.48
6; =20.0° oil to water: 8,= 6, = sin”" —(sin 6)) | = sin”! (sin 20.0°) | = [22.3°
' S { no 1.333
n; =1.48
n,=1.333

I Ch. 14-4  Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens Solutions

24. {=-20.0 cm 111
a.—+-=—
p=40.0 cm poaq f
1 1 1 1 1
q f p —200cm 40.0cm
1 —0.0500  0.0250  —0.0750
q 1cm 1 cm lcm
—13.3cm
mM=-2- 2 | O.332| |Virtual, upright image
p 40.0 cm
I 1 1 1 1
p=20.0cm b.-=—--= -
q f p -200cm 20.0cm
1 -0.0500 0.0500 -0.100
q ~ lem lem  lcm
q —10.0 cm - .
M= —=——-= |0.500| |v1rtual, upright image
p 20.0 cm
1 1 1 1 1
p=10.0cm C.—=———= _
q f p -200cm 10.0cm
1 -0.0500 0.100 —0.150
q 1cm 1cm I cm
—6.67 cm
Y | 0.667| |Virtual, upright image
p 10.0 cm
25. f=125cm o111 1
q=-30.0 cm p f q 125cm -30.0cm
1 0.0800 —-0.0333  0.1133
p 1cm 1cm 1cm
p=28.826cm
-30.0 cm
M=-41__——-W_ | 3.40| |upright image
p 8.826 cm
26. f=20.0cm al_l 11 1
p=40.0cm g f p 200cm  40.0cm
1 0.0500 0.0250 0.0250
q ~ lcm lem  lem
40.0 cm
m=-3__ = | —-1.00 | |real, inverted image
p 40.0 cm
1 1 1 1
p=10.0cm b.-=—-—-= -

_0.0500  0.100  —0.0500

1cm 1cm 1cm

1
q f p 200cm 10.0cm
1
q

q —20.0 cm
M=-2= """
p 10.0 cm

Section One—Student Edition Solutions 1 Ch. 14-5
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Givens Solutions
36. ;= 1.473 , n,
sin 6, =—
n,=1.00 n
n 1.00
0, =sin!| = |=sin"!| —— | =|42.8°
‘ (ni> 1.473 -
37. 1,=1.00 Lo
TR | L7 NP | BT _
o | 2| L0 51
; .
n; = 1.434 b. 6, = sin”![ 7| = in![ 220 :
' ¢ n; 1.434 .
n; =1.309 c. 6, =sin" [~ =sin_11'—00 =
! ¢ n; 1.309
38. n;=1.52 1.00
n .
_ 0, =sin"![ | =sin"Y{ —|=41.1°
n, = 1.00 ¢ ( n,.) 1.52
6, = 45°
6,> 6, therefore the ray will be totally internally reflected.
39. »;=1.00 n;(sin 6;) = n,(sin 6,)
0;=63.5° _ mi(sin 6) _ (1.00)(sin 63.5°) _ .
6, =42.9° " sin6, sin 42.9° .
40. »n;=1.00 n;(sin 6;) = n,(sin 6,)
n,= 1.333 n 1.333
6; =sin"'| —(sin 6,) | =sin~!| ——(sin 36.2°) | = 51.9°
6,=36.2° ' ; " 1.00

41. v=1.85x10% m/s
¢=3.00x10% m/s

¢ 3.00x 108 m/s
n=-=

= a0, = 162 [carbon disulfide|

42. n;=1.66 n;(sin 6;) = n,(sin 6,)
n,= 1.333 n; 1.66
a. 0, =sin"!| — (sin ) | =sin”'| ——(sin 28.7°) | = | 36.7°
6 =28.7° ' n, (sin 6) 1.333( )
6, =90.0° b. 6, =sin"! s (sin 6,) =sin”! 1.333 (sin 90.0°) | =
T ! n; g 1.66 ' -
43. f=15.0
f cm Mo P
M =+2.00 q
q=—Mp=-2.00p
L_rroro1
f p q p 200p 2.00p
11
150cm  2.00 p

I Ch. 14-6 Holt Physics Solution Manual
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Givens Solutions
44. M =150 q
M=--==1.50
p=2.84cm p
q=-1.50p =—(1.50)(2.84 cm) =—4.26 cm
1 1 1 1 1
_=— —_ = —+
f p q 284cm —426cm
1 0352 . —0.235 0.117
f lcm 1cm 1cm
-
45. M =2.00
a.M=-9-200
f=12.0cm p
q=-2.00p
1 1 1 1 1 1
—_—————-—= - = —
f p q p 200p 2.00p
f 12.0cm
— =16.00 cm
Y a00 = L600em]
46. p =80.0 cm 1 1 1 1 N 1
q=—-40.0 cm f p g 80.0cm —40.0cm
1 0.0125 N —0.0250  -0.0125
f  lcm 1cm 1cm
-
47. f=244cm a 11 1 1 . 1
q=129cm "p f q 244cm  129cm
1_0410 00775 _ 0332
p lcm 1cm 1cm
q=-12.9cm b_l_l_l: ! - !
p f q 244cm -129cm
1 0410 -0.0775 0488
p lcm lcm lcm
48. g =-30.0 cm 11 1 1 B 1
f=-40.0 cm p f g —-400cm -30.0cm
1 -0.0250  -0.0333  0.0083
p 1cm 1cm 1 cm

p=[1.20x10*cm
—30.0 cm
=——————=10.250
120 cm -

m=-1
P

Section One—Student Edition Solutions
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Givens Solutions
49. n,=1.331 n;(sin ;) = n,(sin 6,)
nb =1.340 n: 1.00
blue: 6, = sin~| —(sin 6:) | = sin~'| —— (sin 83.0°) | = -47.8°
6; = 83.0° ' n,( 2 13400 )
n; = 1.00 . oo
red: 6, =sin~'| —(sin 6,) | = sin"'| ——(sin 83.0°) | = | 48.2°
r {; »} TLREES
3.00 % 108
50. 6, =23.1° p = £ 200x10 mhs o

r=217%10%m/s
n; =1.00
c=3.00x10% m/s

v 217x108m/s

n;(sin ;) = n,(sin 6,)

n; 1.00
0, =sin"!| —(sin @) | =sin~!| ——(sin 23.1°) | = m
=i i )| 1209|165

1y

51. 6,=30.0°
0,=22.0°
n; = 1.00

n;(sin 6;) = n,(sin 6,)
sin 6; sin 30.0°

n,= m| —— | = (1.00)|———| = 1.33
sin 6, sin 22.0°

. 1,
sin 6,=—
n;

n; is now n,, and n, is now n;, so

ni 1.00
.= sin”'| | =sin"![=— =M
‘ (n) 1.33 465

T

52. v, =340 m/s

n;(sin ;) = n,(sin 6,)

v, = 1510 m/s ) -/
" 6, = sin”! E(sin 0)|= sin”! M(sin 0,
6;,=12.0° n, c/vy,)
v 1510 m/s
6, =sin Y| —(sin 6)) | = sin”!| —————(sin 12.0°) | = | 67°
’ |:1/a( l)} 340 m/s ( )
. n,
53. n;,=1.333 sin O, =—
n;
n,=1.00
n 1.00
= 6. =sin"!| = | =sin”!| —— | = 48.6°
Ay =2.00m (3 ( ”i) 1333
dar d
né.= ) = —— where d is the diameter of the piece of wood
2Ay
d=2Ay(tan §,) = (2)(2.00 m)(tan 48.6°) =
54. n;=1.00 n;(sin ;) = n,(sin 6,)
n, =1.309 ; 1.00
' 6, = sin”! E(sin 6)|= sin”! (sin 40.0°) | = 29.4°
6; =40.0° n, 1.309

6=180.0°—-29.4°=

I Ch. 14-8 Holt Physics Solution Manual
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Givens Solutions
11 1
55. p = 10f Ip 2
poa f
1 1 1. 1 1 9
q f p f 10f 10f
10
q= ;f
56. n;=1.53 sin 9622
n,=1.00 i
a0 (_)(ﬂ)
n, =1.333 ‘ n; 1.53
n 1.333
b. 0, =sin"'| —|=sin"!| ——=|=]60.6°
¢ <ni) 1.53
57. n,=1.50 a. n;(sin 6;) = n,(sin 6,)
n; =1.00

6; = 90° — 30° = 60°
35.3°

T

; 1.00
0, = sin_l[&(sin Bi)} = sin_l[ﬁ(sin 600)} =35.3°

Using the figure at left, the angle of incidence of the ray at the bottom of the

prism can be found as follows.

6; = 180° — 35.3° — 30° — 90° =

n; =1.50 b. sin 6, = (E)
nj
n, =1.00 oo
n .
= ° 6, =sin"| —|=sin”![ ——|=41.8°
6;=24.7 ¢ ( ni) 150
| The ray will pass through the bottom surface because 6; < 6,.
58. ;=18 n, =n;(sin 6,) = (1.8)(sin 45°) =| 1.3
6, = 45°
59. n;=1.60 n, = n;(sin 6,) = (1.60)(sin 59.5°) = | 1.38
6, =59.5°
60. n; =1.333 _1f Ax _1/2.00 m
f;=tan” | —|=tan [——|=26.6°
n, =1.00 Ay 4.00 m
Ay =4.00 m n;(sin 6;) = n,(sin 6,)
Ax=2.00m . 1.333
0, = sin”! E(sin 6)|= sin”! (sin 26.6°) | =36.6°
", 1.00

The angle, 6, with respect to the water surface is 90° — ,.

0=90° — 36.6° =

Section One—Student Edition Solutions
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Givens Solutions

Ax 1120 m
—|=tan | ——|=46.2°
Ay 115m

Ax=325m—-205m=120m n;(sin 6;) = n,(sin 6,)

61. 1;,=1333 O
9,' =tan

n, = 1.00

Ay=115m n; 1.333
6, =sin"!| —(sin 6;) | =sin""! (sin 46.2°) | =74.2°
1, 1.00
-
= =|58.0m
(tan 74.2°)
62. n;=1.00 n; sin 6;=n, sin 6,
6; =50.0° | mising;] ;| (1.00)(sin 50.0°)
6,=sin" | ——|=sin" | —————
n, =148 n, (1.48)
h=3.1mm=0.31cm 6, =sin"1(0.518) =31.2°
/=42.0cm
The distance, d, that the beam travels before being reflected is given by:
h
tan6, =—
d
h (0.31 cm)
= =—— =0.51cm
tanf, tan(31.2°)
The incident beam hits at the midpoint, so the initially refracted beam travels a
distance of d/2 = 0.26 cm. The remaining reflections travel d=0.51 cm.
The length (after the first beam) is /= d/2 = 42.5 cm — 0.26 cm = 41.7 cm.
Thereafter, the number of reflections is:
. / 417 cm
# of reflections= — = 1+
d 0.51 cm
| # of reflections = 1 + 81.7 = 82
(Note: the last, fractional reflection is not internal, but goes out the end of the
fiber optic)
1 1 1 1 1
63. f=4.80cm a.—-=-—--= >~
q f p 480x102m 100m
=4.80x 107> m
1208 0100 207
p=100m g 1m Im Im
q=483x102m=
1 1 1 1 1
p=175m b.-=---= — -
q f p 480x102m 175m
1208 0571 202
q Im 1m 1m

q=4.95x%x 102 m=4.95cm

Ag=4.95cm—4.83 cm=

I Ch. 14-10 Holt Physics Solution Manual
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Givens Solutions

64. g=1.90 cm L1110
p=35.0cm f p q 350cm 1.90cm
1 _ 0.0286 + 0.526 _ 0.555
f 1cm 1cm 1cm
-
1 1 1 1 1
65. 4=1.90cm = 4= + 5
f p g 150m 1.90x102?m
=1.90x 1072 m
1 0.0667 52.6 52.7
p=150m -= + ==

f 1 m Im 1m

F=1.90x102m=

Refraction, Standardized Test Prep

3. p=50.0cm l_ 1 1 1 5 4

1 1
— — + —
q=-10.0 cm f p g 500cm -100cm 50.0cm  50.0 cm 50.0 cm

- [z5en]

5. Nflint glass = 1.66 sin gczir
5= 1.00 i
1.00
Mojp=1.33 6, =sin"! 21| = sin"! 22| = [ 37.0° (glass to air)
‘ n; 1.66 - 8
n 1.33
0,=sin"}| | =sin!{ =] =53.2° | (glass to oil)
s )< [52]
9. 4 =500.0 nm "= CSvacuum _ Frack vac _ Avac
n=15 Vbenzene fbeniben lben
A 500.0 nm
Apen=—2=———=|330nm
pen =22 === 330 nm
12. n;=1.46 n;sin@;=n,sin6,
n,=1.36 6.— sin”! n;sin6; in! (1.46)(sin 25.0°) _
gi=25.0° ’ n, (1.36)
= n
13. ;=192 in 6, ="
n,=1.47

1;
n 1.47
0, =sin"} —|=sin”![ —= =m
‘ (ni) 1.92 -

15. Converging Lens 1 n 1_ 1 + 1
p=-5.00cm f p ¢q -500cm 7.50cm
(object behind lens) 1 B —7.50 . 5.00 B ~2.50
q=+7.50 cm f 375cm  375cm  375cm
(image in back of lens)
f= | —15.0 cm or 15.0 cm (since focal point on both sides of lens)

Section One—Student Edition Solutions 1 Ch. 14-11



Givens Solutions

—_ —q —(+7.50
16. p=-5.00 cm Y cm)=
q=+7.50 cm p  (-5.00cm)
17. d.;,=2.8 cm M= h_/ _ Aimage
dmin

dimage: M dyin=(1.5)(2.8 cm) =

I Ch. 14-12 Holt Physics Solution Manual
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Student Edition Solutions

Inference and Diffraction

Inference and Diffraction, Practice A

Givens Solutions
1. d=0.50 d(sin®) (5.0x107* in 0.059°
mm 2= dsin )« m)(sin ) 51%107 m=[5.1%10*nm
6 =0.059° m 1
m=1

_d(sin @)  (2.02x 107° m)(sin 16.5°)

m 1

2.d=202%x10°m )

6=16.5°

_[Am _1| (5.461x 1077 m)(1)
3. d=0.250 mm 0 =sin 1) Bebadde =sin 1 =10.125°
d 2.50x 1074 m

A =546.1 nm

m=1

4. m=1 ,
1

d=2.02x10%m . 1 m+2)’1
0 =sin

=sin

(1 +§J(5.74 x 1077 rn)]

—6
A=574nm=574x10" m (2.02x10" m)

Inference and Diffraction, Section 1 Review

3. d=0.0550 mm _fAm\ . ] (6.05x 107 m)(1)
m=1:0;=sin |— |=sin | —————=——— | =0.630°
m:1andm=2 5.50x 10 m
A =605 nm _fAm\ . ] (6.05%x107 m)(2)
m=2:6,=sin |—|=sin | —————— |=1.26°
5.50% 10> m

AO=0,—0,=1.26°—0.630° =
4. m=2 A 3.35m)(2
g2 B3mQ) e o m
sin 1.28°

6=1.28° s

A=335m

Section One—Student Edition Solutions 1 Ch. 15-1



Inference and Diffraction, Practice B

Givens Solutions
1 F =1:
1. 5000 x 107 lines/cm = ; orm ) ]

_ -6 y) 1)(5.88995 x 10~/ m
d=2.000x10"" m 6;=sin""! D21 _ i ax ur3 ) =17.13°
288905 (2.000 X 107° m)

1= . nm = -

5.88995x 107’ m
o nn; :89592 1077 6, =i 2| - 1| LB 89592 107 m) =17.15°
' X m ? d (2000x10°m) |~ "
m=1,2,3
AO=0,—6,=17.15° - 17.13° =
For m=2:
o | 2)(5.88995x 107 m) |
6;=sin"" D21 = in™ s =36.09°
(2.000x10°m) |
[ mA 1 (2)(5.89592% 107 m) |
6, =sin"![ —2 | =sin"! — =36.13°
d | (2.000x10°m) |
AO =0, — 6;=36.13° — 36.09° =
For m=3:
A ma [ (3)(5.88995x 107 m) |
6;=sin"" 21 = in™ s =62.07°
d | (2.000%10°m) |
[ mA [ (3)(5.89592x 107 m) |
0, =sin"}| 22| = sin™! = =62.18°
d (2.000x10°m) |
AO =0, - 0,=62.18° — 62.07° =
2. 4525 lines/cm |—(1)(4.22 x 1077 m)
[ mA _
m=1 blue: 8 =sin 1(7h) =sin~! 1 o |7
A =422 1m 452 500

=

A, =655nm . [(1)(6.55x107 m)

_1[ m. -
red: 6 =sin 1(#) =sin”! 1 =
m
452 500
3. 1555 lines/cm . (11)(5.65x 107" m)
A =565nm m=11: 9=sin_l(m—)=sin_1 1 =75.1°
d m
0.< 90° | 1155500 |

[(12)(5.65x 107 m) |

A
m=12: 0= sin_l(m—) =sin”! 1 =oo
d m
| 1155500 |

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Therefore, 11 is the highest-order number that can be observed.
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Givens Solutions

4. 15 550 lines/cm . (1)(5.65x 10~/ m)
A =565 nm m=1: 9=Sin_l(m—>:sin_l 1 =61.5°
d ———|m
0 <90° | 11555000 |

[(2)(5.65% 107 m)|

A
m=2: 9=sin_l(m—):sin_1 1 =0
d —— | m
| \1555000) |

Therefore, 1 is the highest-order number that can be observed.

S. 6=21.2° mA  (1)(5.461x 107 m
d=——= (X : ) 151%10 m=1.51x 10 cm
A =546.1 nm sin 6 sin 21.2°
m=1 . 1 3.
Lines/cm=———————= | 6.62 % 10’ lines/cm
1.51 X 107" cm

Inference and Diffraction, Section 2 Review

1
1. 3550 lines/cm =— _m (sin 12.07°)

d dsin 0 355 000

m=1 a. = =
m (1)
0=12.07°
A=589%107 m=
b. m= 2, 92 =

92 1

, _1<m1) 4| 2)(5.89%x107 m)
=S — | =S -7
355000 m

Inference and Diffraction, Chapter Review

Copyright © by Holt, Rinehart and Winston. All rights reserved.

9. d=033mm=33x10"m 4 dsin® _ (3.3x10™ m)(sin 0.055°)
0=0.055° Comel 0+
m=0 /1=6.3><10‘7m=
10. d = 0.3096 mm a. 12 d6in6) _ (3.096x 10~ m)(sin 0.218°) _ 5.89% 10~ m =
0=0.218° " 2
m=2

CfmAy [ 3)(5.89%x 107 m)
= b. 92511'1 1 — | =S1n 1 —_— | = 03270
m=3 ( d) { 3.096 x 104 m
C(md [ (@(5.89%x 107 m)
= C. 0=51n 1 — | =S1n 1 —_— | = 04360
m=d ( d) { 3.096x 10 m

Section One—Student Edition Solutions 1 Ch. 15-3



Givens

11.4d=32cm=32%x10"2m
m=2

6=0.56°

Solutions

_d(sin§)  (3.2x107> m)(sin 0.56°)

m 2

A=16x10"*m=|1.6x10°um

A

19. 795 slits/cm
A =707 nm=7.07% 107 cm

oy (mA) . [7.07x107 cm
m=1:0;=sin |—|=sin" [——71
d

——cm
795

20. 795 slits/cm
A=353nm=3.53%x 10" cm

2)(3.53x107°
m=2:0,= Sin_l(m—l):sin—l /( )( X cm)\

=
—Ccm
795
21. 3661 slits/cm a. m=1 ) .
A;=478.5nm mA 4.785x 107> cm
6,=sin"!| — | =sin"|———————| = 10.09°
R R e s WIXEH
3661 cm
A3=696.4 nm i i
ma 1 6.474% 107 cm
6,=sin 1(%):5111 1= |13.71°
i 3661 cm ]
[ mA | 6.964%107° cm
6,=sin (7) i SN0 em |
3661 cm
b. m=2 ) )
~ 1 (2)(4.785x 107 cm)
6;=sin 1(%):5111 ! I =1{20.51°
3661 cm
o (mA ] (2)(6.474%107° cm)
6,=sin l(%):sm ! I =1{28.30°
3661 cm
[ mA 1 (2)(6.964 x 107 cm)
6;=sin 1(7)=sin ! I =30.66°
i 3661 cm i
sin 6 B sin 81.0°

26. A =546.1 nm
6=281.0°

m=3

=[6030 lines/cm

lines/mm = = 3
mA  (3)(5.461 X 107> cm)

I Ch. 15-4 Holt Physics Solution Manual
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Givens Solutions

_ A (5)(4.86x 1077
28. /=486 nm go M _ O ™) _[241x107 m]
(sin 0.578°)

m=5 sin 6
6=0.578°

29. 1,=540.0 nm 42;=52,

42;  4(540.0 nm)
Ay=—=———/9/¥——={432.0nm
==

30. m=2 dis at a maximum when A4 = 400.0 nm (red light).
A=4.000 X 107 m mA  (2)(4.000x 107 m) —
0 = 90.00° sin 6 (sin 90.00°)

31. =643 nm path difference = d(sin 8) = (0.150 mm)(sin 0.737°) = | 1.93x 102 mm =31
6=0.737°
d =0.150 mm

Inference and Diffraction, Standardized Test Prep

d=25m=25%x10"m (2.5%107° m)

_ _ —7
5.1=720nm=7.5x10"m o- Sin_1</1_m) _ sin“{(4)(7'5 %1077 m)}

6.1=640nm=64x10"m dsin 6 =+mA
v
dsin 0 (S.OX 10* /m
A (6.4% 107 m)

1
5.0 x 10* lines/m =~

)(sin 11.1°)

6=11.1° +m=

7. A;=80m’ , [d\?
A2:20m2 A=mr=ny

Section One—Student Edition Solutions 1 Ch. 15-5



Givens

12. m=3
A =490 nm=4.90x 10"’ m
0=6.33°

Solutions

~mA (3)(4.90x 107" m)
sing (sin 6.33°)

d=133%x10"m

1
;1: 7.5 % 10* lines/m = | 750 lines/cm

15. d=150 pm=1.50X 10 m
m=1

A =225°

_dsin @ (1.50 X107 m)(sin 2.25%)
Com (1)

/1=5.89><10‘7m=

A

16. d=1.50x 10" m
m=3 (bright)
A=589%10"m

—7
f=sin"! (%1) =sin~! {W}

(150X 10> m)

17.d=150x 10" m
m=3 (dark)
A=589%10" m

o (m+—)l . (3+%)(5.89x10‘7m)
0 =sin T =sin

(1.50 X 10~ m)

I Ch. 15-6 Holt Physics Solution Manual
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Student Edition Solutions

Electric Forces
and Fields

Electric Forces and Fields, Section 1 Review

Givens Solutions

3.4=100C q 10.0C

N= = =|6.25 x 10" electrons

1.60 x 10" C/electron 1.60 x 1079 C/electron

Electric Forces and Fields, Practice A

1. q;=-8.0 uC o keaia _ (8.99 % 10° Nem?/C?)(8.0 X 107° C)?
- 2 - 2
gy =8.0 uC r (0.050 m)
r=>5.0cm F=
2. r=030m a po Komd _ (899 10° Nem?/C?)(12x 1072 C)(18 x 107 C)
g=12x107°C r? (0.30 m)?

-9
4 =-18x10"C F=|22x107°N

k (8.99 x 10° Nem?/C?)(3.0 x 1072 C)? —
91=-3.0x10°C b, F=—C11%2 _ TETISE ~[9.0x 107N

;
g =-3.0x107C

3. 9;=60.0 uC \/kcqlqz /(8.99 % 10° Nem?/C?)(60.0 x 107° C)(50.0 x 107 C)
r = =
42 =500 uC F N 175N

F=175N r=0393m=39.3 cm]

1. q;=6.0uCatx=0cm . keqig, _ (8:99% 10° Nem?/C?)(6.0x 10 C)(1.5x 107° C) 00X 10'N
g, =1.5uCatx=3.0cm T (r)? (0.030 m)?
43 =—2.0 pCatx=5.0cm b ke _ (899 10 Nem?/C?)(1.5 X 10° ©) 2.0 10°C) _ .
3 (7’2,3)2 (0.020 m)2
keqiqs  (8:99x10° Nem?/C?)(6.0 x 1070 C)(2.0 x 1076 C)
Fi3= = =43N

P (ry)? (0.050 m)2

Section One—Student Edition Solutions
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Electric Forces and Fields, Practice B

Givens

Solutions

Fj 0= Fj 2+ F13=—(9.0x 10" N) + (43 N) = —47 N

Fitot= | 47 N, along the negative x-axis |

Fy 0= F1 2+ F53=(9.0x 10" N) + (67 N) =157 N

Fptot = | 157 N, along the positive x-axis |

F300=Fy3+ F13=—(67N) = (43N) =—11.0x 10' N

F3 10t = | 11.0 x 10! N, along the negative x-axis |

2. q;=3.0uC
qr=—6.0 uC
q3=-2.4uC
q4=-9.0uC

T,2=124=134=113=
15cm

a.r  =13= \/(15 cm)? + (15 cm)? = \/220 cm? 4220 cm? = \/440 cm?
r;4=123=21cm
keqigo  (8.99x10° Nem?/C*)(3.0x 107° C)(6.0x 107° C)

72N
(r1,2)? (0.15 m)?

Fp

keqiq;  (8.99%10° Nem?/C*)(3.0x 107° C)(2.4 x 107° C)

Fi3
(r1.3)? (0.15 m)?

29N

keqiqs (8.9 x10° Nem?/C*)(3.0x 1076 C)(9.0x 107° C)

=55N
(r1.0)° (0.21 m)?2

Fp4

Fx=(72N)+(5.5N)(cos 45°) =7.2N+39N=11L1N

Fp = —(29N)—(5.5N)(sin45°) =—29N-39N=-6.8N

Fiior =\ (F102 + (F1,)* =J(AILIN)? + (6.8 N)? = /123 N? + 46 N?

Flrr=4/169N? =13.0N

6.8
f=tan”!| — |=31°
11.1

Fitot= | 13.0 N, 31° below the positive x-axis

b. FZ,I =72N (See a.)
kegoqs  (8:99x10° Nem?/C?)(6.0 x 1076 C)(2.4x 1076 C)

2 2 =29N
(7‘2,3) (021 m)

keqoqs (899 10° Nem?/C)(6.0 x 1076 C)(9.0x 107° C) N
(e (0.15 m)? -

2,4

Fyx=—(72N) + (2.9 N)(cos 45°) =—72 N+ 2.1 N=-5.1 N

By= (22N) 4+ (29N)(sin45°) =22 N+2.1 N=24 N

Fypor=~/(Fa0? + (F3))? =+/(5.1 N)? + (24 N)> = /26 N2 + 580 N?

Fyi=+/610N*=25N

_1[ 24
f=tan"!| —|=78°
5.1

Fatot = | 25N, 78° above the negative x-axis

I Ch. 16-2 Holt Physics Solution Manual
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Givens

Solutions
€. Fy;=55N (Seea.)

F;,=22N (Seeb.)

keqaqs  (8:99%10° Nem?/C?)(9.0x 1070 C)(2.4x 107°C)
- (r4,3)2 - (0.15 m)?

4,3

Fy=—(5.5N)(cos 45°) + (8.6 N) =—3.9N +8.6 N=4.7 N

Fy,=(55N)(sin 45°) — (22N) =3.9N-22N=-18 N

Fytor =v/(F ) + (Fy ))? =+/(4.7 N)? + (18 N)? =22 N2 + 320 N2

Fypr =4/340N*=18 N

18
f=tan"![—| =75°
4.7

Fytot= | 18 N, 75° below the positive x-axis

Electric Forces and Fields, Practice C

=8.6N

1. q;=+2.00x 107 Cat
XIZO,)/IZO

g =+4.00x 107 Cat
x;=15m,y,=0

q3=+3.00x107C

F3 1= Fs,

keqsqr _ kodsdz
(7’3,1)2 (7’3,2)2

a9 _ 49

(r30  (r30)°
Lets define 3 ;= Pso that r3 ,=1.5m — P.

a1 _ 92
P’ (1.5m-P)?

P*q,=(1.5m - P)’q,
P\/gy=(1.5m - P)\/q;
P\Jgo+ PJq; = (1.5 m)\/q;

PGJq1++a2) = (1.5 m)\/q;

P= (1.5 m)\/a
Var+az

(1.5m)4/2.00 x 107 C

P:
V2.00x 107 C++/4.00x 107 C

_ (1.5 m)(4.47 x 107°,/C
(4.47 X107 4/C) + (632 107 ,/C)

Section One—Student Edition Solutions
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Givens Solutions

2. q;=-5.00x107°C kcaids _ kedots
3> =-2.00x107C (s ()7
) =—2.
91 Y]

T])Z =40.0 cm

(r1,3)? B (r33)?
g;=150x107°C ’ '

5001077 C  2.00x107°C

p? (0.400 m — P)?

(2.00x 1072 C)(P?) = (5.00 x 10~ C)(0.400 m — P)?

5.00x 107 C
=| J~——=—(0.400m - P)
2.00%x107°C
P=0.632m — (1.58)(P)
(2.58)(P)=0.632 m

P=0.245m=24.5 cm from ¢
or (40.0 cm —24.5 cm) = | 15.5 cm from ¢,

—19
3. 9;=¢9,=1.60x10""C Feteetric = Fy

m, =9.109 x 10! kg kedidz _
—edz
p

L \/kcq1q2 _ [8:99x10°Nem?/C) (160 x 107 C)
Vo (9.109% 107 kg)(9.81 m/s?) -

Me&

meg

Electric Forces and Fields, Section 2 Review

1. q;=2.0uC a. po Kodiaz _ (899 10° Nem?/C?)(2.0x 1076 C)(3.5x 107° C)
r=12cm r? (0.12 m)?

g =-3.5uC F:

@ 20x107°C 5
c. N= —5 = 5 = | 1.2 x 10" electrons
1.60 X 107"~ C/electron  1.60 x 10~"~ C/electron

3. q;=22x107 Catx=15m ;  kcqias (8.99 x 10° Nem?/C?)(2.2x 1072 C)(3.5x 102 C)

L3~
(71,3)2 (1.5 m)z

4> =54%x107 Catx=2.0m

q; =3.5%x 107" C at the F13=31x10°N
origin g 2,2 9 9

keqrgs  (8:99x10° Nem?/C*)(5.4x 107 C)(3.5x 107 C)
- (’2,3)2 - (2.0 m)2

Fy;3

Fy3=42x10"°N

Fa0t=—(3.1x 10 N) — (42x 107 N)=-7.3x 10°* N

F340t=|7.3% 108N, along the negative x-axis |

I Ch. 16-4 Holt Physics Solution Manual
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Givens Solutions

4. q,=—6.00x107°C keqids _ kedoas
4 =-3.00x107°C (r3)° (23’
> =—J.

q 7%

r72=60.0 cm =
(ry3)?  (123)?

6.00x10°C  3.00x107°C

p? (0.600 m — P)?
(3.00 X 1072 C)(P?) = (6.00 x 10~ C)(0.600 m — P)?
6.00%x 107 C
P=| |———/0.600 m- P)
3.00x107°C

P=0.849 m — (1.41)(P)
(2.41)(P)=0.849 m

P =0.352 m from ¢g; = | 35.2 cm from ¢
or (60.0 cm — 35.2 cm) = | 24.8 cm from ¢,

Electric Forces and Fields, Practice D

1. q;=5.00 uC at the origin For the point y = 0.500 m on the y-axis,
42 =-3.00 uCat 5 kean _ (899 10° Nem?*/C?)(5.00 x 10~ C) |80 x 105 N/C.
= = = = 1. X
x=0.800 m =" 0,500 m)?

_keqy  (8.99x10° Nem%/C?)(3.00 x 10°° C)
=L
P (\/(0.800 m)2 + (0.500 m)z)2

E;

(8.99 % 10° Nem?/C?)(3.00 x 107 C)

EZZ

(1/0.640 m? +0.250 m2)?

(8.99 x 10° Nem?/C?)(3.00 x 107° C)

=
(1/0.890 m2]?
0.800
f=tan || ———|=58.0°
0.500
E, = (1.80 x 10° N/C) — (3.03 x 10* N/C)(cos 58.0°)
E,=(1.80 x 10° N/C) — (1.61 X 10* N/C) = 1.64 x 10° N/C

=3.03x 10* N/C

E,= (3.03 x 10* N/C)(sin 58.0°) = 2.57 x 10* N/C

Eior =y/(E) + (E.)* =/(1.64 x 10° N/C)? + (2.57 x 10 N/C)?

Eyor = /(269 x 10" N*/C?) + (6.60 x 10° N/C?)
Ejor =4/2.76 x 10" N?/C? = 1.66 x 10° N/C

- 1.64 % 10° o110
=tan | —— |=81.
¢ 2.57 % 10*

Eior = | 1.66 x 10° N/C, 81.1° above the positive x-axis

Section One—Student Edition Solutions
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Givens Solutions

2.r=53%x10""m kcqg  (8.99 x 10° Nem?/C?)(1.60 x 107 C)

E=— =5.1x10""N/C

q=1.60x10"7C r (53% 1071 m)?

E= | 5.1 x 10" N/C, away from the proton|

3. E=2.0x10*N/C,alongthe  a. F=Eq,=(2.0x 10* N/C)(1.60 x 107'° C)
positive x-axis

F= | 3.2x 107" N, along the negative x-axis |

4. =q,=1.60x10"C

b. F=Eq, =(2.0x10*N/C)(1.60 x 10~ C)

F= | 32x 1071 N, along the positive x-axis |

Electric Forces and Fields, Section 3 Review

1. 4,=40.0x10°C keai _ (899X 10°Nem?/CH@0.0x107C) oy
1: = = .
0> =60.0x107°C r’ (0.150 m)?
_300cm _ keqs  (8:99%10° Nem?/C?)(60.0x 107 C)
r= =15.0cm g, - kcaz _ 8 : =240 x 10* N/C
272 (0.150 m)?

Eyor=E; + E; = (1.60 x 10* N/C) — (2.40 x 10* N/C) =—0.80 x 10* N/C

Eqor = | 8.0 X 10° N/C toward the 40.0 x 10~ C charge |

Electric Forces and Fields, Chapter Review

3. q=35uC q 35x10°C

=|2.2x 10" electrons

N= —19 = 19
1.60 x 1077 Clelectron  1.60 x 10~ " C/electron

15. q;=q,=(46)(1.60x 10 C) _ kedias _ (899 10° Nem?%/C?)[(46)(1.60 x 107 C)]?

F 2 —15 2
r=(2)(5.90 x 10715 m) r [(2)(5.90 X 107" m)]
F=[3.50x10°N
16. q;=2.5uC o ke _ (899 10° Nem*/C?)(2.5x 107° C)(5.0x 107° C)
42 =-5.0 uC rl (0.050 m)>
r=5.0cm F=
17. q;=2.0¢ oo ke _ (8:99 10° Nem?/C?)(2.0)(79)(1.60 x 10~*° C)*
=79 2 (2.0 x 1074 m)>2

r=20x10"*m F=[o1N

e=1.60x10""YC

I Ch. 16-6 Holt Physics Solution Manual
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18. q;=3.0nC r2=r23=4/(1.0m)>2+(1.0m)? =4/20m> = 1.4m
42 =6.0nC keqiqs  (8:99x10° Nem?/C?)(3.0x 107 C)(6.0 x 1077 C)
3 =2.0nC Rt (1.4 m)?
T1,2=723= F;,=8.3X 108N
2 2
(1.0m)"+ (1.0 m) o koaas _ (8:99X10°Nem’/C)(60x 107 C)(2.0% 107 C)
2 (r33)° - (1.4 m)?

F,3=55x10"°N

F,.= (8.3 x 1073 N)(cos 45°) + (5.5 x 1075 N)(cos 45°)
Fo=(59%108N)+(3.9x 108 N)=9.8x 10 N
F,=—(8.3x 10 N)(sin 45°) + (5.5 x 10~* N)(sin 45°)
F,==(5.9%x10°N)+ (3.9x 10 °N)=-2.0x 10°N

Fror =y/(F)? + (F,)? = /(9.8 x 108 N)2 + (2.0 X 10° N)?

Fior =4/(9.6 X 1071 N?) + (4.0 x 10710 N?) =/1.00 x 101 N2

Fipy=1.00x 107" N

2.0
O=tan"'[Z=|=12°
9.8

Fiot = | 1.00 X 1077 N, 12° below the positive x-axis

Copyright © by Holt, Rinehart and Winston. All rights reserved.

19. q;=¢,=25x10"C r3.1=r32=+/(0.50 m)? + (0.70 m)* = 0.86 m
45=3.0x107C keqsq,  (8:99% 10° Nem?/C?)(3.0x 107 C)(25x 107 C)
r3;=1.0m Far= F52= (r31)* - (0.86 m)?
13,1=132 F3;=F3,=9.1X 108N

F,= F3;cos O+ F3,cos 6

0.70 m
0.86 m

Fe=(9.1x1078 N)(

) +(9.1%x1078 N)(O'7O m)

0.86 m

Fo=74x10 N +74x10°N=148x10°N

F}’: F3,1 sin 0+ F3,2 sin 0

! 0.8 9.1 0
0.86 m

Fior = J(F)? + (Fy? = \/(14.8 x 10 N)? = 148 x 10 N

0N
0= tal’l_l 8|~ 0
14.8x 10 ° N

Fiot = | 1.48 x 1077 N along the +x-axis

Section One—Student Edition Solutions 1 Ch. 16-7
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20. g;=-9.0uCaty=6.0m
3 =-8.0uCaty=—4.0m

Solutions

keqi9s _ kedqzqs
(r?  (ry3)°

9.0x10°C  8.0x10°C

p? (10.0 m — P)2

(8.0x107° C)(P?) = (9.0 x 107° C)(10.0 m — P)?

9.0x107°C
P=| |=—————{(10.0m-P)
8.0x107°C
P=11m-(1.1)(P)

2.1)(P)=11m

P=52mbelow g, or y=6.0m—-52m=0.8 m

q3 is located at

21. q;=35nC
q>=5.0nC
r=40.0 cm
q3=-6.0nC

keq19s _ keqzqs
(r* (1237

35x10°C  5.0%x10°C

p? "~ (0.400 m — P)?

(5.0% 1072 C)(P?) = (3.5 % 1072 C)(0.400 m — P)?

35x107°C
P=\\Toz09¢
50%x107°C

P=0.33m - (0.84)(P)

(0.400 m — P)

(1.84)(P)=0.33 m

P=0.18 m=|18 cm from ¢

32. 4;=300x107C
4, =60.0x107°C

30.0 cm
r=
2

=15.0cm

keq,  (8.99%10° Nem?/C?)(30.0x 107 C)

== . =1.20x 10* N/C
r (0.150 m)

keq, (899 % 10° Nem?/C?)(60.0 x 107° C)

3 . =2.40x 10*N/C
r (0.150 m)

E;

E,pr = (1.20 X 10* N/C) — (2.40 x 10* N/C) = -12.0 x 10° N/C

Eqor = | 12.0 x 10° N/C toward the 30.0 x 10~ C charge

I Ch. 16-8 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens

33.

q;=57uCatx=-3.0m
q>=2.0uCatx=1.0m

Solutions

For E at y = 2.0 m on the y-axis,

r1=4/(2.0m)*+ (3.0 m)? =\/4.0 m?> + 9.0 m> =/13.0 m>*=3.61 m

r;=4/(2.0m)2+ (1.0m)>= /40 m*>+ 1.0 m>*= /5.0 m*=2.2m

kcq,  (8:99x10° Nem*/C*)(5.7x 107° C)

Ej=— > =3.9%10° N/C
r (3.61 m)
k (8.99x 10° Nem?/C?)(2.0x 1070 C)
= =3.7x10°N/C

5 (2.2 m)?
2.0

6;=tan"!| Z=|=34°
3.0

4 2.0
6, =tan 2 =63°
1.0

E,= (3.9 % 10° N/C)(cos 34°) — (3.7 x 10> N/C)(cos 63°)
E,.=(32%10°N/C) — (1.7 x 10> N/C) = 1.5 x 10° N/C
E,= (3.9 x 10° N/C)(sin 34°) + (3.7 x 10° N/C)(sin 63°)
E,=(2.2x10° N/C) + (3.3 % 10’ N/C) =5.5x 10’ N/C

Eior =y/(E0)? + (E))? =4/(1.5 X 10’ N/C)> + (5.5 x 10° N/C)?

Eyor = /(2.2 X 106 N¥C2) + (3.0 x 107 N¥C?) =4/(3.2x 107 N¥/C?) = 5.7 x 10> N/C

5.5
f=tan”!| ==|=75°
1.5

Eiot = | 5.7 % 10° N/C, 75° above the positive x-axis |

Quet = 41+ 92 = [(7.0x 101%) — (4.0 x 101%)](e) = (3.0 x 101%) (e)

34. q;=(7.0x 1083 protons)(e)
13 -19
Q@ =(4.0x% 10" electrons)(e) Quer = (3.0x107)(1.60 x 107~ C)
e=1.60x10"7C Quet=[4.8x107°C
35. 0 =6.3x10° m/s’ a. F=m,a=(9.109% 10" kg)(6.3 x 10> m/s*) =5.7x 107¥' N
_ —31 = ’ . -
me=9.109x 10" kg F= | 5.7 % 1072’ N, in a direction opposite E|
g=1.60x10""C
F 57x10%N —
b. E=—=——"————=36x10°N/C
q 1.60x107°C
36. 1.00 g of Cu has 9.48 x 10%!

atoms.

1 Cu atom has 29 electrons.

a. 1.00 g of Cu has (9.48 x 10%! atoms)(29 electrons/atom) = | 2.75 % 10% electrons |

b. q,,;=(2.75% 107 electrons)(1.60 x 10~'? C/electron) = | 4.40 x 10* C

Section One—Student Edition Solutions 1 Ch. 16-9
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37. 4;=6.0 uC a. Eat 1.0 cm left of g, =E; + E) + E3
q2=1.54C rj=r;2—1.0cm=3.0cm-1.0cm=2.0cm
q3 =—2.0 uC r;=1.0cm
r1,2=3.0cm r3=r;3+1.0cm=2.0cm+ 1.0 cm=3.0 cm
r23=20cm k (8.99 x 10° Nem%C2)(6.0 x 10 C)
E=-Cl - . =1.3x 10°N/C
r (0.020 m)
k (8.99 % 10° Nem%/C?)(1.5x 107° C)
By=—Ci2_ : =1.3x10°N/C
3 (0.010 m)
k (8.99 x 10° Nem*/C*)(2.0x 107° C)
Ey= <3 _ =2.0x 10" N/C

3 (0.030 m)?

Epr= (1.3 x 108 N/C) — (1.3 x 103 N/C) + (2.0 x 10’ N/C)

Eior=|2.0% 10" N/C along the positive x-axis |

q4=-2.0uC b. F=g,E=(2.0x10°C)(2.0x 10’ N/C) =

38. 9,=5.0nC keqiq,  (8.99%10° Nem?/C?)(5.0 x 1077 C)(6.0 x 10~° C)
a. = =
Q= 6.0 nC 1,2 (7,1’2)2 (030 m)2
g3 =—3.0nC F1,=3.0%x10°N
r1>=030m
he keqigs  (8.99x10° Nem?/CY) (5.0 x 107 C)(3.0x 107 C)
r;,3=0.10m 1,3= (r1,3)2 = (0.10m)?
Fj3=13x10°N
Fpior= \/(F1,2)2 +(Fp3)%= \/(3-0 x 1079 N)% + (1.3 x 107> N)?
Frir =4/(9.0x 1072 N?) + (1.7x 1071ON?) = /1.8 x 10O N> = 1.3 x 10° N
13
f=tan | —=|=77°
3.0
Fitot = | 1.3x 107> N, 77° below the negative x-axis
F 13x10°N
b.E=—=——+-—-= | 2.6 X 10° N/C, 77° below the negative x-axis
qi 50x1077 C
40. m;=7.36 x 10 kg Fy = Felectric
2
my =5.98x 10** kg Gmym, _ kcq
1'2 - 7‘2

~ \/Gmlmz  (6.673 x 107 N em?/kg)) (7.36 x 102 kg) (5.98 x 10* kg)
1 ke V 8.99 x 10° Nem2/C?

g=|572x10"C

I Ch. 16-10 Holt Physics Solution Manual
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Givens

41. m;=m,=0.20g
6=5.0°
L =30.0cm

Solutions

ZFy =0N,so Fg = FT’y =Fp(cos 5.0°)
SF, = 0 N, 50 Fejectric = Frx = Fr(sin 5.0°)

Felectric _ FT(Sin 5.0°) — tan 5.0°

F,  Fr(cos5.0°)
k 2

2cq =tan 5.0°
r-mg

r=(2)(0.300 m)(sin 5.0°)

rzmg(tan 5.0°)
T
C

/ [(2)(0.300 m)(sin 5.0°)]%(0.20 x 10~ kg)(9.81 m/s?)(tan 5.0°)

1=+ 8.99 x 10° Nem?%/C2
g=]72%x107C
42. m,=9.109x 10! kg a. F=Eq=mg
—1.673x 107 k 9.109 X 10> kg)(9.81 m/s’ ~
1 g E,=" ( g_l(g ) =558 % 10 N/C
q=1.60><10_19C q 1.60x 107 C
E. = | 5.58 % 10! N/C, downward |
m 1.673 x 107" kg)(9.81 m/s*
b. Epzig:( g_l(g L C1osx107 N/
q 1.60x 107 C
E,= | 1.03x 1077 N/C upward |
F gE
43. E=520N/C a=—=Z
m
At =48 ns o qEA
v; =0 m/s vf=aAt= m t

m, =9.109 x 10! kg
my=1.673x 10" kg
g=160x10"C

For the electron,

qEAt (160 x107"7 C)(520 N/C)(48 x 107 5) c
Ve = = 7 =[4.4x10"m/s
e 9.109 x 107! kg

For the proton,

qEAt (160 x107"7 C)(520 N/C)(48 x 107 5) 5
Vip = = = =12.4x10"m/s
1.673 x 102 kg

myp

44. E=30x10*N/C
g=160x10"C
my=1.673x10"" kg

a. F=qE=(1.60x10""2 C)(3.0x 10*N/C) = [ 4.8 x 107> N
—15
F 48x10°N
b.a=—=————=[29x10" m/s’
1.673 x 10" kg
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45. F=3.4x10° N/C
g=1.60x10""C

Solutions

F=qE=(1.60x 107 C)(3.4 x 10° N/C) =

46. q= 24 ‘uC Felectric = Fg
E=610N/C qE =mg
E  (24x10°C)(610N/C
mzq_z( )(2 ) _ 1.5% 10 kg
g 9.81 m/s
47. m=0.10 kg ZFXZO N:Fe]ectric_FT,x
L =30.0 cm Frx = Felectric = Fr(sin 45°)
0=45° SF,=0N=Fp,—F,
Fry = Fg=Fr(cos 45°)
Felectric — FT(Sin 452) — tan 45°
F, Fr(cos 45°)
2 2 2 2 2
Fonanic = kea” . keq” _4kcq"tkeq” | Skcq
electric (Lsin )  (2Lsin 0)? 412(sin0) 412(sin0)
F,=mg
Felectric — - SI‘(CZqZ = tan 45°
F, 4L~(sin“0)mg
Squ2 = 4L2(sin29)mg(tan 45°)
q= \/4L2(sin29)mg(tan 45°) —2L(sin ) mg(tan 45°)
5kc 5kc
0.10 kg)(9.81 m/s%)(tan 45°
g = (2)(0.300 m)(sin 45°) [o10ke s )ltan 457)
YV (5)(8.99 % 10° Nem?/C?)
g=]2.0x10"°C
48 I+y Because each charge is the same size and all are the same distance from the center,

E1=E2=E3=E4=E5=%

E;,=0N/C

Es, =—E;, =—E(sin 72°)

=—E;,, =—E(sin 36°)

E,=E;,+E, + B, +E, +Es,

E,=0N/C+ E(sin 72°) + E(sin 36°) — E(sin 36°) — E(sin 72°) =0 N/C
E; x=E

E, = E5, = E(cos 72°)

E; . =Ey, =—E(cos 36°)

Ex=Ejx+Eyy+ B3+ By + Esy

E, =E + E(cos 72°) — E(cos 36°) — E(cos 36°) + E(cos 72°)
E,=E+2E(cos 72°) — 2E(cos 36°) = E(1 + 0.62 — 1.62)
E,=0N/C

E=+/(E)?+(E)? =4/(0N/C)? + (ON/C)?> = | ON/C

I Ch. 16-12 Holt Physics Solution Manual
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Givens

49. E=370.0N/C
At=1.00 us
m, =9.109 x 10! kg
my,=1.673%x10"" kg
g=1.60x10""C

Solutions

F_gE_ (1.60x10" C)(370.0 N/C)
m, m, 9.109 x 10! kg

=6.50 x 10" m/s?

ae
Ax, = 5a,A1% = (0.5)(6.50 x 10" m/s?)(1.00 x 10~ 5)* =32.5 m
F gE (1.60x 107" C)(370.0 N/C)

ap=—= = s =3.54x 10" m/s*
my, m, 1.673x 107" kg

Ax, = 3a,At* = (0.5)(3.54 x 10" m/s?)(1.00 x 10~ 5)?

Ax,=1.77x10"m

Aoy = Axe + Axp=32.5m+ (1.77 X 1072 m) =

50. E =300.0 N/C
m,=9.109x 10! kg
g=160x10""C

At=1.00x10"%s

F gE (1.60x 107" C)(300.0 N/C)
aa=—=-LT_ 5 =[5.27x 10" m/s?
9.109x 10! kg

m, m,

b. vy =aAt=(527x 10" m/s*)(1.00x 10" s) ={ 5.27 x 10> m/s

51. E=3.0x10°N/C
g=160x10""C
m, =9.109x 10! kg

v;=0m/s

vy = (0.100)(3.00 x 10° m/s)

—27
my=1.673x10"" kg

-19 6
F B (1.60x 107 C)(3.0 x 10° N/C)
aa=—=2_ i =[53%10"7 m/s?
9.109x 10! kg

me M,

2 8 2
" 0.100)(3.00  10° m/ B
Ax= 2 - 10100 - mzs)] =[85%10%m
2a (2)(5.3x 10" m/s”)
—19 6
F g (1.60x107°C)(3.0 x 10° N/C)
coa=—=2_ - =[2.9% 10" my/s?
1.673 x 107" kg

52. KE=3.25x10"""]
Ax=125m
vf=0 m/s
g=1.60x10""C
my,=1.673x10"" kg

KE= %mpz/l2

[2KE
vi= [—

mMp

. Ufz _ Viz

2Ax
F=qE=my 2 2KE\?

P N A Y 2

. mya (mp)(Vf -v) B My | mprs —2KE

q (9)(2Ax) (q)(2Ax) (q)(2Ax)

~(1.673x 1077 kg)(0 m/s)* - (2)(3.25x 107"%))

_ 4
— =-1.62x 10* N/C
(1.60 x 107 C)(2)(1.25 m)

E

E= | 1.62 x 10* N/C opposite the proton’s velocity |
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53'm=2'0g b.FT,yngzmg
L =20.0cm Fp= Fr. __mg
E=1.0x10*N/C cos 15°  cos 15°
6=15° mg(sin 15°)

qE = Fry = Fr(sin 15°) = = mg(tan 15°)

0s 15°

-3 2 °
mg(tan 15°) (2.0 x 107" kg)(9.81 m/s”)(tan 15°) —
= = =[53x10"C

54. E=2.0 x 10° N/C along the a. F=qE=(1.60x10""Y C)(2.0x 10° N/C)=3.2x 10" '® N
positive x-axis

19 F=[32x1071° N, along the positive x-axis |
q=160x10"C

_ F  32x107'°N
my=1.673x10"""kg b.a=—=—""=/1.9x10" m/s’
m,  1.673x 107 kg
vr 1.00x10° m/s —
vp=1.00x 10° m/s c.At=—=————— =153x10"s
f o 19x10" m/s

55. v;;=(0.010)(3.00x 108 m/s)  a a—yf’—'z
- ﬁ] B o - zAxl
Ax;=2.0 mm 5
mea _ Mg
_ —19 E=—¢"—-_"0"
g=160x10""C . 2hrg

=9.109x 10! k
e § (9.109 x 107! kg)[(0.010)(3.00 x 108 m/s)]?

(2)(2.0x 1072 m)(1.60 x 107 C)

E=|1.3x10*N/C

oy [(0.010)(3.00 X 10° mis))?

=2.2%10" m/s?

Ax, =4.0 mm b.a= 20x;  (2)(2.0x 107 m)
1/ﬁ22 =2aAx,
Vg2 =+/2aAx; =4/(2)(2.2 X 10" m/s?)(4.0 X 10 m) = [ 4.2 x 10° m/s
56. r;=2.17 yum Fotectric = Potustic % = kr,
2=1.60x1077C keqig,  (8:99x10° Nem?/C?)(1.60 x 1072 C)?
4, =-1.60x 107" C k= i, (217 x 107 m)3(0.0100)

1 =(0.0100)(2.17 ym)

k=1[2.25%10" N/m

I Ch. 16-14 Holt Physics Solution Manual
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Electric Forces and Fields, Standardized Test Prep

Givens Solutions

1. g=5.0uC kcqg  (8:99x10° Nem?/C*)(5.0 x 107° C) .
E1=E2=E3=—2= 5 =11><10 N/C

r=2.0m r (2.0 m)

E, = (1.1 x 10* N/C)(sin 60°) — (1.1 x 10* N)(sin 60°) = 0.0 N/C
Ey = (1.1 10" N/C) — (1.1 x 10* N/C)(cos 60°) - (1.1 x 10* N/C)(cos 60°)
E, = (1.1 10* N/C) - (5.5 % 10° N/C) — (5.5 % 10° N/C) = 0.0 N/C
Eqor = /(0.0 N/C)? + (0.0 N/C)* = | 0.0 N/C

13. g,=(6.02x 10%)(¢) keqiq,  (8:99%10° Nem?/C?)[(6.02 x 107)(1.60 x 1077 C)]*

3, = (6.02x 10%)(e)
r=(2)(6.38 x 10° m)
e=1.60x10"°C

F

2 [(2)(6.38 x 10° m)]?

F=[512%x10°N

14. E=3.0x 10°N/C Er (3.0x10°N/C)(2.0 m)? —

/ qz—r:( 5 )(2 2) =[13x107¢C
r=20m ke (8.99%10° Nem?/C?)

15. E =640 N/C F  gE (1.60x 107" C)(640 N/C)

. a=— =2 _ —= =16.1x10"% m/s*
my =1.673x 10" kg m, m, 1.673 x 1072 kg
g=1.60x10""C

16. 1;=120x10°m/s vp 1.20%10°m/s
At=- =—=-2.o>< 107
a=6.1x10" m/s2 a  6.1x10'0 m/s?
17. a=6.1x10"m/s? Ax = 1aAt? = (0.5)(6.1 x 10" m/s?)(2.0 x 107 5)?
At=2.0x10"'s Ax:
18. m,=1.673x10"" kg KEf = 3myvy* = (0.5)(1.673 x 1077 kg)(1.20 x 10° m/s)*

;=120 10° m/s

KEp=[120x10""]
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Student Edition Solutions

Electrical Energy

and Current

Electrical Energy and Current, Practice A

Givens

1. APEjpyyic=—4.8x 10710

Solutions

APEgjetric = —qEd

d=10.0m _ APEjuaric_ (-4.8X 107'y)
2. E=75N/C AV=—Ed=—(75N/C)(10.0 m)
d=10.0 m

3.q9=-16x10"C
d=45m
E=325N/C

APEgjpctric = —qEd

APE jetric=—(—1.6 X 107 C)(325 N/C) (4.5 m)

APE jperic= 2.3 10710

Electrical Energy and Current, Section 1 Review

5. E=250 N/C, in the positive
x direction

q;=12uC

q; moves from the origin to
(20.0 cm, 50.0 cm).

The displacement in the direction of the field (d) is 20.0 cm.
APE = —qEd =—(12 x 107® C)(250 N/C)(20.0 X 107> m)

APE=|-6.0x107*]

6. g=35C
d=2.0km
E=1.0x10°N/C

APE =—gEd =—(35 C)(1.0 x 10° N/C)(2.0 x 10> m) = | -7.0 x 107

7. Ad =0.060 cm
E=3.0x10°V/m

AV =-EAd =—(3.0 x 10° V/m)(0.060 x 10> m) =—1.8 X 10° V

8. E=8.0x10*V/m
Ad=0.50m
g=1.60x10""C

a. AV =—EAd =—(8.0 x 10* V/m)(0.50 m) =
b. APE =—gEd =—(1.60 x 107" C)(8.0 x 10* V/m)(0.50 m)

APE=|-64x107]

Section One—Student Edition Solutions
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9. £=1.0x10°V/m AV =-EAd =—(1.0x 10° V/m)(1.60 x 10> m) = -1.6 x 10° V

Ad =1.60 km Av:

Electrical Energy and Current, Practice B

1. C=4.00 4F

. Q=CAV;=(4.00x 10" F)(12.0 V) =|4.80x 10> C
AV, =120V
AV, =150V b. PE =3C(AV,)*=(0.5)(4.00 x 10" ° F)(1.50 V)? = | 4.50 x 10°]

—6
2. Q=6.0uC a 0= QL _00XI07°C P 0o F
e
AV;=125V
AV, =150V b. PE=1C(AV,)> = (0.5)(4.8 X 10 ° F)(1.50 V)? =

Q 18.0x1072C
3. C=2.00 pF LAV == 2 900V
P = C 2001072 F

a
Q=18.0pC
b. Q=CAV,=(2.00x 1072 F)(25V)=|5.0x10"*C
AV2:25V
4.C=1.00F Cd (1.0 F)(1.00 x 10 m) 3
A=—= —— >={1.13x10°m
d=1.00 mm ) 8.85 X 10 C*/Nem

Electrical Energy and Current, Section 2 Review

1. d=800.0m A (8.85x 10712 C?/Nem?)(1.00 x 10° m?
a cofoA_ m)( ™) _[111x10°F
2 d 800.0 m

A=1.00x10°m
b. AV=-EAd

E=2.0x10°N/C X .
Q = CAV = C(=EAd) = (1.11 x 108 F)(=2.0 x 10° N/C)(800.0 m) =—18 C

2. A=2.0cm? A (8.85% 1072 CH/Nem?)(2.0x 107 m?
o a. c=4_ | /NemO ™) _[s8x10 0 F
d 20x 103 m

d=2.0mm
AV =60V b. Q=CAV=(88x 10> E)(6.0V)=
3. C=135pF PE =5C(AV)? = (0.5)(1.35 x 10" F)(12.0 V)

AV=12.0V PE={9.72x 1077

I Ch. 17-2  Holt Physics Solution Manual
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Electrical Energy and Current, Practice C

Givens Solutions
3 AQ
1. I=5.00x10" A I=—
At

AQ=2.00C A
Ar=BQ_ 200C g 107

I 5.00x100A

2. I1=60.0x10°A A N(1.60 x 1072 C/electron)
N=3.75x 10" electrons I
g.=1.60 x 107 ¢ Are (3.75 x 10 electrons) (1.60 x 10'? C/electron)
- 6.00x 107 A
3. I=8.00x107A Ay N(.60x 107" C/electron)
N=3.00x 10?° electrons I
ge=1.60 X 10°¥c Are (3.00 x 10%° electrons)(1.60 x 10™'° C/electron)
- 8.00x 102 A

At=|6.00%10%s
4. [=400A AQ = IAt = (40.0 A)(0.50 5) = | 2.0 x 10' C

At=0.50s
-3
5. AQ;=9.0mC a_IZ&:M: 26%x107° A
Atl 3.5s
At] =35s
1At (2.6 X107 A)(10.0's) v
_ b. N= = =|1.6 X 10" electrons

A, =10.0s 1.60 X 107" C/electron  1.60 X 107° C/electron |

_AQ; 2AQ;  2(9.0x 107 C) _
AQQZZAQI c-I_A—tI_ Atl = 35 =|51x10"A

ge=1.60x10"" C

Electrical Energy and Current, Practice D

Givens Solutions

R,=20.0Q AV 120V
b. L=—= =l60a
TR, 200Q

Section One—Student Edition Solutions 1 Ch. 17-3



Givens Solutions

4. [=625A AV =1IR = (6.25A)(17.6 Q) =

R=176Q
5. I=25A AV 115V
R=—=—"=46Q
AV=115V
AV, 110V
6. ;=050 A a.R=—1=—""2-2200Q
I,  0.50A
AV, =110V
AV, 90.0V
AV, =900V L=—2=""—=|041A
) 2= = n
AV; =130V

Electrical Energy and Current, Section 3 Review

2. Af;=5.00s AQ 3.0C
a.l=—= =l0.60A

AQ=3.0C

IAt, _ (0.60 A)(1.0 min)(60 s/min)

At, = 1.0 min N= =
2 1.60 x 107'° C/electron 1.60 x 10712 C/electrons

N =22 x 10% electrons |

3. R=102Q AV 120V
[=— = =|12A
020

AV=120V

4. [=25A AV 9.0V
R=—=—-—=[3.6Q
R

AV=9.0V
. = AV 115V
7. R;=75Q 11:_:_:
AV=115V R 75Q
R,=47Q AV 115V
L=—=——=|24A
=% ma 244

Electrical Energy and Current, Practice E

1. P=1050 W p&V)

(AV)?  (120V)?
R= =——=|14Q
ERRETET

AV =120V

po. AV? (120 V)?
2. P=025W pe BV U20V) ot

AV=120V P 025W

I Ch. 17-4  Holt Physics Solution Manual
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Givens Solutions

3. P=0.10W po AV

R=22Q

R
AV ={/PR=\/0.10W)(2Q)=[15V]

4. AV=50.0V AV 500V
I =—= = 625 A

R=8.00Q
(AV)?  (50.0V)?
P= =~ =|312W
R~ sw0a
5. AV=50.0V AV _ 500V
R=0.100 Q R 01000

I1=]5.00x10% A

Electrical Energy and Current, Section 4 Review

3. AV=70mV P=IAV=(200x 10 °A)(70x 102 V)=[1x 10 W

=200 uA
4. At=21h cost = (PAt)(cost/kW eh)
P=%0w cost = (90.0 X 107> kW)(21 h)($0.070/kW +h) =

cost of energy =
$0.070/kW <h

Electrical Energy and Current, Chapter Review

8. E=1.7x 10°N/C AV =—EAd =—(1.7x 10° N/C)(1.5x 10> m) =—2.6 x 10* V

Ad=1.5cm AV=

Section One—Student Edition Solutions
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Givens Solutions
9. q,=+8.0 uC k 8.99 x 10° Nem?/C?)(8.0x 10° C
a H V,= cdr _( m7/C)( ) 2 1x10°V
9, = -8.0 /,lC rl’p 0.35m
=-12 uC k 8.99 X 10° Nem?/C?)(-8.0x 107° C
1 " V, = cdz _ | m7/C)( ) 36x10°V
r1p=035m T2,p 0.20 m
7, p=0.20m
2P (rp)2+ (ryp)*= (r3p)
7'3)p = \/(T])p)z + (7’2,}))2 = \/(035 m)z + (020 m)2
v = keds (8.99x 10° Nem?/C?)(-12x 107 C)
= -
3P 1/(0.35 m)? + (0.20 m)>
(8.99 x 10° Nem?/C?)(-12x 10°° C)
3 =
1/0.12 m? + 0.040 m?
(8.99 x 10° Nem?/C?)(-12 x 10 ° C) 5
V= =-27x10°V
\/0.16 m?
Vier = Vi+ Vot V3= (2.1 x10° V) + (=3.6 X 10° V) + (=2.7 X 10° V)
Vi = |-42%10°V
18. AV=120V Q=CAV=(60x10"2F)(120V)=72x10""'C
C=6.0pF Q=[+72x10C
19. C;=25uF PE;=3C1(AV)? = (0.5)(25x 10" F)(120 V)* = 0.18 ]
C2=504F PE, =1C(AV)? = (0.5)(5.0 X 107 F)(120 V)? = 3.6 X 1072 ]
AV =120V

PE,,; = PE;+ PE,=0.18 ]+ (3.6 X 102 ]) = [ 0.22]

32. AQ=10.0C

AQ 100C
A== A :

I=50A
AQ 19x10°C 5
33.1=9.1A a.At=—=""""" ~ -7 1x10*s=|3.5min
e
AQ=19%10°C

2.=1.60x107C

AQ 1.9x10°C

b. N= —19 = —19
1.60 X 1077 C/electron  1.60 x 10"~ C/electron

= | 1.2 x 10?? electrons

40.R=15Q AV _30v
1AV =-0.20A

AV =30V ko150

e AV 120V
41.R=350 AV _ 120V s

AV =120V koo

I Ch. 17-6  Holt Physics Solution Manual
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Givens

42. AV=9.0V
R] =5.0 Q

R,=20Q

R;=20.0Q

Solutions

a. 11

b. L, =

C. 13

AV
R1

AV
Rz

AV
R3

9.0V

50Q

9.0V

20Q

9.0V
200Q

45A

[osa

53. P/clock=2.5W
N =2.5x 108 clocks

E = PAt = (P/clock) NAt

E=(25W)(2.5x%x 108)(1.0 year)(365.25 d/year)(24 h/d)(3600 s/h)

At =1.0 year E=[20x10"]
= AV)2  (110V)? -
55. AV=110V ol AV _( ? oo
P=130W p 130 W
56. AV=120V
=—= 0.62 A
- D% —[os24]
P=75W
P_ 75 W 9OQ
T2 (0.62A)2
57. AV=600.0V keq
E =200.0 N/C Ay T
== keqg =7
E 1
1’2
_AV 6000V
————— =1{3.000m
E 200.0N/C
AVr  (600.0 V)(3.000 -
2 d JC000m) ) h0x 107
ke 8.99%10° Nem?/C
58. d=3.0mm goA Q Q
E=3.0x10°N/C d AV —EAd
Q=-1.0uC —£pAEAd = Qd
.
SOE
_\/E_\/—Q ] ~(-1.0x107°C)
7 NeEr V(8:85x1072CYNem?)(3.0 x 10° N/C)(x)
= AV 12V
59. AV=12V B A py sz
Ad =0.30 cm Ad 0.30x 107“ m

Section One—Student Edition Solutions
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Givens Solutions

_ 2
60. A=5.00 cm a AV=9
d=1.00 mm c
gA
Q =400.0 pC C= v
Q Qd (400.0 X 10712 C)(1.00 X 107> m)
gA  gA  (8.85x 10712 CY/Nem?)(5.00 x 1074 m?)
d

AV 90.4V "
b.E=—=—"———=9.04x10"V/m
Ad  1.00x107 m

61. AV=25700V 19 5
a. KE;=APE = gAV = (1.60x 1077 C)(25 700 V) = | 4.11 x 10"
v;=0m/s

g=1.60x10""C

m,=1.673x 10" k 2KEr  [(2)(4.11x 1075
r & b. 1= Gt —- D 222 % 10° mis
V 1.673x 1027 kg

myp

62. AV=120V KEf = APE = gAV
v;=0m/s %mpz/fz =qAV
—27
my =1.673 X 107" kg 2gAV _ [(2)(1.60x107° ©)(120 V) -
_ _19 vp= =\/ — =[1.5x10° m/s
g=1.60x10""C m, 1.673 x 1072 kg
= AV 600.0V
63. Ad =533 mm a.F=—=—" " =|113x10°V/m
AV = 600.0V Ad  533x10°m
g=-1.60x10"°C b. F=gE=(-1.60x 10" C)(1.13x 10° V/m) =—1.81 x 1074 N

F=[181x107“N

Ad = (5.33 mm — 2.90 mm) €. APE =—gEd = —(-1.60 x 1072 C)(1.13 X 10° V/m)(2.43 X 10> m)

=243 mm APE=[439%10""7]

I Ch. 17-8 Holt Physics Solution Manual
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Givens Solutions

64. q,=50x107C 72+ (0.010 m)? = (0.040 m)?

_ —9
4 =-5.0x10"C r1=+/(0.040 m)? - (0.010 m)>
q3=-5.0%x10"C

Ve keq;  (8.99x10° Nem?/C*)(5.0x 10~ C)

=r;3=4.0 1= =
2=r,5 =54 1 /(0,040 m)? = (0.010 m)?
T2’3 =2.0cm _
v (8.99 x 10° Nem?/C?)(5.0x 1072 C)

=

V(1.6x1072 m?) - (1.0 x 104 m?)

~ (8.99x10° Nem?/C*)(5.0x 10~° C)

f =1200V
VJ1.5%x 1072 m?
0.020 m
ry,=1r3= =0.010m
k 8.99 X 10° Nem?/C?)(=5.0x 107 C
v, = ez _ m /e ) — 4500V
2 0.010 m
k 8.99 X 10° Nem?/C?)(=5.0x 107 C
Vie cds _ ( m*“/C)( ) — _4500V
r3 0.010 m
Vir=Vi+ Vy + V5= (1200 V) + (—4500 V) + (—4500 V) = | =7800 V
65. g;=-3.00x 10™ C at the For the location between the two charges,
origin Vie=Vi+V,=0V
4> =8.00x 10" Cat V,=—V, VI:@
x=2.00m, y=0.00 m P
V, = kcqz
27 (2.00m-P)
keqr _ _ —keqs

P (200 m—-P)
—Pq, =(2.00 m - P)(q;)
—Pgq, =(2.00 m)(q;) — Pq

P(q;—q2) =(2.00 m)(q;)
_(2:00m)(g) _ (2.00 m)(-3.00 X 107 C)

j2 = = ——=0.545m
Q- 4z (=3.00% 107 C) — (8.00x 107 C)
P is 0.545 m to the right of the origin, at x = .
For the location to the left of the y-axis,
k
V,= c41
P
__ keao
27 (2.00m + P)
kedr _ —keqo
P (2.00m+ P)
—Pq, =(2.00m+ P)(q;)
—Pq,=(2.00 m)(q;) + Pq;
P(q;+ q2) =—(2.00 m)(q;)
_ _ _ -9
p= (2.00 m)(q;) _ (2.00 m)(—3.00 x 10 C)9 ~120m
a1+ q (=3.00x 1072 C) + (8.00 x 1072 C)

P is 1.20 m to the left of the origin, at x = .

Section One—Student Edition Solutions 1 Ch. 17-9



Givens

66.

AV=60.0V
APE=1.92x10""]

Solutions

APE  1.92x107"
g=—— = 192x10 7T _ o010
AV 60.0 V

_ 6
67. AV=45x10"V a. KE; = APE=AVq = (45 x10°V)(1.60x 107 €)= [72x 1077
v;=0m/s
g=160x10""C
_ 27 2KE 2)(7.2x 107"
my =1.673x 107" kg b. sz\/m f:\/(l )6(73x1o—27k]) —[2.9% 10 m/s
p : )
-8
= 1.75% 1078 C
68. C=3750 pF a.av=2-1PX10 © oy
Q=175%10°C C 3750x107'2F
AV 4.67V
d=6.50x10"* b.E=—=—"—=17180V/m
50x107*m FRTIeT
—3
69. AQ =45mC AQ 45x10°C -
a.l=—=—""—"_“_-130x10°A
. YETrat| ECEEURE
t1—155
IAL (3.0x 107> A)(1.0 min)(60 s/min)
At, = 1.0 mi b. N= =
2 i 1.60 x 1079 C/electron 1.60 x 10719 C/electron
N= l.lxlolgelectrons|
70. 1=2.0%10°A AQ =IAt = (2.0x 10° A)(0.50'5) =
At=0.50's
71. 1=80.0 4A a. AV, = IR, = (80.0 X 107 A)(4.0x 10° Q) =
R;=4.0x10°Q
R,=2.0x10°Q b. AV, =IR,=(80.0x 10 °A)(2.0x 10’ Q) =0.16 V
P 325W
72. P=325W [=—= =|27A
0y
AV =120V
73. AV=4.0MV P=IAV=(25x 10 A)(4.0 x 10° V) =
I=25mA
74. myy, =3.27x 102 kg "

AQ = (number of atoms)(Q /o) = fot (Qutom)
mtat =1.25 kg Matom
At=2.78h -y

—19 (Qatom)
Qurom =1.60x107Y C LA _ \Maom
At At
125k _
2% 1.60x1077 C)
3.27x 1072 kg

I= =|61.1A
(2.78 h)(3600 s/h)

I Ch. 17-10 Holt Physics Solution Manual
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Givens Solutions
75. P=90.0 W E = PAt = (90.0 W)(1.0 h)(3600 s/h) = | 3.2 x 10° ]
AV=120V
At=1.0h
5
76. [=25A E E 32x107] -
ANt=—=—-—-=——— "~ =|1.1X10"s
AV =120V P IAV  (2.5A)(120V)
E:3.2X105] or(l.lxlOss)(lmin/6OS)=
- AV (90.0 Aeh)(12.0 V
77. P=80.0W A Qv _( ) )=
AV =12.0V I P 80.0 W
Q =90.0 Ash
78. At=5.0s a. AQ=IAt=(2A)(2s)+ (4 A)(1s)+ (6A)(1s)+(4A)(1s)
AQ=4C+4C+6C+4C=|18C]
AQ 18C
b =22 18C s
At 50s
79. 1=50.0 A AV =1IR =(50.0 A)(1.12 X 107> Q/m)(4.0X 107 m) =[2.2x 10>V

R/d=1.12%107> Q/m

d=4.0cm
AV P 80x10°W
80. AV=12V al=—=""""" _1670A
E=2.0x10"] Av 12V
P=8.0kW E
b. At=—
v =20.0 m/s I

E\  (20.0 m/s)(2.0x 107 ) T
Ax=vAt=v|—|= =|5.0x10"m
e

Electrical Energy and Current, Alternative Assessment

1. v = 10" m/s
g=160x10""7C
m,=9.109 x 10! kg

Vg2 =100 m/s

_APE_KEj; Smovp s
a q q

v (9.109 x 10! kg)(10” m/s)?
= 2(1.60x 107 C)

AVZI—:—:;
q 1 1

. (9.109 x 10! kg)(100 m/s)*
= 2(1.60x 1072 C)

AV,

Section One—Student Edition Solutions 1 Ch. 17-11



Electrical Energy and Current, Standardized Test Prep

Givens

3. g=16x10"C
d=2.0x10"°m
E=2.0N/C

Solutions

APE,jporic=—qEd=—(1.6 X 1077 C)(2.0 N/C)(2.0 X 10" m)

—25

APEelectric: | —6.4 X% 10 Nem = —6.4 X 10—25 ] |

4. d=2.0x10°m

AV=—Ed=—(2.0N/C)(2.0 x 10"° m)

E=2.0N/C g
AV=|-40x10°V
7. AV=10.0V

Q=40.0 uC=40.0x10"°C

_ Q_ (40.0x 10°C)
TAV (100V)

C=|4.00x10"°F

8. AV=100V
Q=40.0 4C=40.0x10"°C

PEyjecric=3QAV =3(40.0 X 107° C)(10.0 V)

PE,jpetric = | 2.00 x 1074 ]

_ AQ 5.0C
9. [=50A A2 2Q_ ~[103)
I 50A
AQ=5.0C
10. AV=12V AV_ 12V 1
R=—=——=[3.0x10" Q
—=o = [30x10' Q)
1=0.40 A
11. P=500W E= PAt=(50.0 W)(2.00 s)
At=2.00's
E={1.00x10*]
12.I=7.0A P=IAV=(7.0A)(115V) =|8.0 X 10> W
AV=115V

I Ch. 17-12  Holt Physics Solution Manual
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Givens

-3
2.50x 10 "m
16. r=f

d=1.40x10"*m

AV,;=0.12V

Ad;=1.40x10"*m

Q,=(0.707)Q

Solutions

_&A _ gomr? _ (885x 10712 C3/Nem?)(7)(2.50 x 107> m/2)?
d d 1.40x 10~ m

C=[3.10x10PF

b. Q=CAV,=(3.10x 107 F)(0.12V)=|3.7x 107 * C

C. PEjpric =5QAV; = (0.5)(3.7 x 107 C)(0.12 V) = [ 22 x 107

d- AV] = EAd]
AV, 0.12V
=—l=——— "~ =860V/m
Ad;  1.40x10*m
4 1.40x 10" m .
Ady=1.10% 107 m - |=—————1=4.00x 10" m
AV, = EAd, = (860 V/m)(4.00 x 107> m) =
e. AV3 = %
C

Because the capacitance has not changed, AV3 = (0.707)(AV)).

AV; = (0.707)(AV)) = (0.707)(0.12 V) =

Section One—Student Edition Solutions
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Student Edition Solutions

Circuits and
Circuit Elements

Circuits and Circuit Elements, Practice A

Givens Solutions
1. R, =675Q a. Ry =R, + Ry + R;
R,=153Q Ry =675Q+153Q+21.6 Q=436 Q
R;=21.6Q
AV 120V
- b.I=—= ={0.275A
AV =120V R, 4360
2. R, =400 a. Ry=R; +R, +R;=40Q+80Q+12.0Q=240Q]
RZZS.OQ
AV 240V
_ b.[=—= ={1.00A
k=100 av_zo
AV =240V
c.I=|1.00A
3.1=050A AV, =R, = (0.50 A)(2.0 Q) =
R1:2.0Q
AV, =IR, = (0.50 A)(4.0 Q) = 2.0V
R,=4.0Q 2T
R3=5.0Q AV;=1IR;=(0.50 A)(5.0 Q) =
R4=7.0Q
AV, =1IR;=(0.50 A)(7.0 Q) =
4. AV=9.00V a. Ry =R, +R,=7.25Q+4.03Q=11.28Q
R, =725Q AV 9.00V
=2V 2 ={0.798 A
R,=4.03Q R, 11.28Q
b. AV, = IR, = (0.798 A)(7.25 Q) =
AV, = IR, = (0.798 A)(4.03 Q) = |3.22V
5. R, =7.00Q AV
Rey =Ry +Ry="—
AV=45V I
- AV 45V
[=0.60 A PO A A
I 0.60 A
R,=75Q-70Q=05Q
6.AV=115V AV 115V
a.Ry=—=——=67.6Q
_ ‘T 1.70A
[=170 A
R=150Q b. NR=R,,

R, 67.6 Q
N="4= =45 bulbs
e

Section One—Student Edition Solutions

I Ch. 18-1



Circuits and Circuit Elements, Practice B

Givens Solutions
1.AV=9.0V AV 9.0V
h= 20 (i)
R, =200 R, 20Q
R, =4.0Q AV 9.0V
12=—=—=-2.2A
R;=5.0Q R, 40Q
Ry=7.0Q AV 9.0V
L=—=—""=|18A
TRy 500Q 184
AV 9.0V
L=—=—"=|13A
‘TR 70Q
2. R,y =2.00Q 1 1 1 1 1\t (5
Parallel: Ryy =|—+—+—+—+—| =|—
R R R R R R
R =5R,; =5(2.00 Q) =10.0 Q
Series: Reg=5R= 5(10.0 Q) =[50.0 Q
3. R;=4.0Q aR—1+1+171— 1+1+ 1 \!
R,=8.0Q TR R, Ryl 40Q 0 80Q 1200
R3:1209 1 1 1 -1 1 -1
Reg=[0.25 = +0.12 — +0.0833 —| =|0.45—
AV =240V Q Q Q Q
AV 240V
b.|=—= =6.0A
"R, 400
AV 240V
27 R, 8.0Q
AV 240V
L=—= =[2.00A
TTR 1200
4.R;=18.0Q ap oLyt o1 o
R,=9.00Q TR, R, Rs 180Q 9.00Q  6.00Q
R3:6.OOQ 1 1 1 -1 1 -1
Ry, =[0.0555 — +0.111 — +0.167 —| =0.334 —
q
I, =4.00 A Q Q Q Q

b. AV = LR, = (4.00 A)(9.00 Q) =

AV 360V
c.lj=—=""""=200A]
™R, " 180Q -

AV 360V
== =16.00A
STRy 6.00Q
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Circuits and Circuit Elements, Section 2 Review

Givens Solutions
4.R,=20Q a. Ry =R, +R,=2.0Q+4.0Q=6.0Q
R,=4.0Q AV 12V
2 11=12=1=_=_=
AV=12V Ry 60Q
AV, =I;R; = (20A)(20Q) =
AV, = LR, = (20A)(4.0 Q)=
1 1\! 1 1\
R;=2.0Q b. Ryy=|—+—| =|——t——
R, R, 20Q  40Q
R2=4.0Q
_ 1 1\ 1\!
AV=12V Reg=10.50 —+0.25 —| =(075—| =13Q
Q Q Q

AV, =AV, =AV=[12V]
AV, 12V
=100 7004

_AV, 12V

I, = == _
TR, 40Q

3.0A

Circuits and Circuit Elements, Practice C

1. R,=25.0Q 11\t 1 1\t
a. Ry =|—+—| =|—=+
R,=3.0Q R, R, 3.0Q 40.0Q
= 1 1—1 1—1
R =40.00 Ry ={0.33 — +0.0250 —| =[0.36 —
Q Q Q
Ry, =2.8Q
Reyg=R,+ Ry =25.0Q+2.8Q={27.8Q
1 1\t 1 1\
R,=12.0Q b. Ry =|—+—| = +
R, R, 350Q  25.0Q
R,=35.0Q
R, =250Q R —002861+004001_1— 006861_1
c =40 be =Y. o) . o =|0. o)
Rbc=14.6Q
Reyg =R, + Ry =120 Q +14.6 Q= 26.6 Q
1 1\t 1 1\
R,=15.0Q C. Ry=|—+—| = +
R, R, 280Q 12.0Q
R,=28.0Q
R, =120Q R —003571+008331_1— 001191_1
c= 1. be =Y. o) . o =|0. o)

Ry =8.40Q

Reg=R,+Rpc =150 Q+8.40 Q=234 Q
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Givens Solutions

2. R,=25.0Q 11\t 1 1\t
a. Ryp=|—+—| =|—-+—
R,=3.0Q R, Ry 2500 3.0Q
= 1 1 -1 1 -1
Re=4000Q Ry = <0.0400 — 4033 —) =(0.37 —)
R;=150Q Q Q Q
R,=18.0Q Ryp=27Q
1 1\ 1 1\
Rde= —+ = = +
R; R, 150Q 18.0Q
1 1\7! 1\!
Ry =|0.0667 — + 0.0556 —| ={0.1223 —
Q Q Q
R, =8.177Q
Reg=Rap+ R+ Rge=2.7Q+40.0Q+8.177 Q=509 Q
1 1\t 1 1\
R,=12.0Q b. Ry =|—+—| = +
R, R, 120Q  35.0Q
R,=35.0Q
R, =250Q R —008331+002861_1—011191_1
¢ = 49 ab — | Y- O . Q =Y. o
R;=50.0Q
R,=450Q Ry, =8.937Q

1 1\t 1 1\
Rje=|—+—| = +
R; R, 50.0Q 45.0Q
1 1\7! 1\7!
Ry, =(0.0200 — + 0.0222 —| ={0.0422 —
Q Q Q

Rp=237Q
Reg =Ry + R+ Rgp =8.937 Q+25.0Q+23.7Q=57.6 Q
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Circuits and Circuit Elements, Practice D

Givens

R,=5.0Q
Ry=7.0Q
R.=40Q
R;j=40Q
R,=40Q
R=20Q
AV=140V

Solutions

Ry =R, +R,=50Q+7.0Q=120Q

Rape =

1 1\! 1 1 \!
_ — =
Ry R. 120Q 4.0Q

1 1\! 1\!
Rupe=0.0833 —+0.25 —| =(033 —| =3.0Q
Q Q Q

1 1\ 1 1 \!
Rjpp=|—+—| =—c+—
R; R, 40Q 4.0Q
1 1\7! 1\!
Rje=|025—=+025=| =(050—| =2.0Q
Q Q Q

Reg=Rape+ Rge + Rp=3.0Q+2.0Q+2.0Q=7.0Q

AV 140V

Ry 7.0Q

AV = IRype = (2.0 A)(3.0 Q) = 6.0V

AV 60V
TR, 120Q

AV, =LR,=(0.50 A)(5.0 Q) =
Ry: Iy =1Ly =

AV}, = IR, = (0.50 A)(7.0 Q) =
R AV.= AV, =
AV = IRy = (20 A)(2.0 Q) = 4.0V
Ry AVy= AV, =

Iy= AR—Z”’ = 3—; =
Ry: AV, = AV, =

| _AVe_ 40V
R, 40Q

Rp: Iy =1I=
AVj = iRy = (2.0 A)(2.0 Q) =

=2.0A

=0.50A

1.0A
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Circuits and Circuit Elements, Section 3 Review

Givens Solutions

1. R;=5.0Q Ry;=R,+R3=5.0Q+50Q=10.0Q

R,=50Q 1 1)—1 ( 1 1 )—1
Ryyy=|—+—| =|—ct—rx
R;=5.0 Q Ry; Ry 10.0Q 5.0Q
= 1 1)1 1\!

R4 509 R234 =(0.100 5 + 0.20 5) = (030 5) =33Q
R5 = 15 Q

Roy =Ry + Ry + Rs=50Q+33Q+15Q=

2. R, =9.8Q AV 18.0V
[c=]=—= = -18A

AV=18.0V eq

3- I5=1.8A AV5215R5:(1.8A)(1.SQ):

R5 =1.5 Q
4. R=15.0Q Req’stmnd=NR=(35)(15.0 Q) =525Q
AV=120.0V 1 1 1\ 1 1 1\t
Ry = + + = + +
N =35 bulbs Req, strand Req, strand Req, strand, 5250 525Q 525Q

n=3 strands 1 1 1\ 1\
R,, =[0.0019 — +0.0019 — +0.0019 —| ={0.0057—| =[175Q
eq ( Q Q Q Q

5. AV=120.0V AVrana =AV =120.0V
R, =525Q AV, 120.0V
q, strand I _ strand _ =10.229 A
strand = = = -
R=15.0Q Req, strand 525Q -
AV = I0,aR = (0229 A)(15.0 Q) = 3.44V
6. Req)smmd:gﬂo.g AVrana =AV =120.0V
= AV, 120.0V
AV=120.0V Lirand = strand _ —10235A
R=1500 Req, strand ~ 510.Q

AV = LyundR = (0.235 A)(15.0 Q) = | 3.52V

7. AV=120V 1 1 1\! 1 1 1 \!
d. RTMP: —t —+ — = + +
Rr=169Q Ry Ry Rp 169Q 8.0Q 10.0Q
] 1 1 1 -1 1 -1
Ry =800 mp =[0.0592 —+0.12 —+0.100 —) =(0.28 —) =3.6Q
Rp=10.0Q Q Q Q Q

Re=0.01Q Rey=Rpvp+Rc=36Q+0.01Q=|36Q]
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Givens Solutions

AV=120V AV 120V
e.l=""=—""=334
Ry =36 Reg 36€Q

RTMP =3.6Q AVT = AVTMP = IRTMP = (33 A)(36 Q) =120V

Rr=169Q AVy 120V
Ip==—L- =714
T7 Ry 1690

Circuits and Circuit Elements, Chapter Review

16. R=0.15Q Ry =5R=5(0.15Q)=0.75 Q

17.R,=40Q a. Ry =R+ R+ R;=40Q+80Q+12Q=(24Q|
R2=8.0Q
AV 24V
- b.I=—="—"=|1.0A
R3=120Q Reg 24 Q
AV =24V
18. R; =4.0Q 11 1\t 1 1 1 \!
a. Ry=|—+—+—| = + +
R,=8.0Q R, R, Rj 40Q 8.0Q 12Q
R;=12Q 1 1 1\ 1\7!
R,;=[0.25—=+0.12 —+0.083 —| =(0.45— :-2.29
AV=24V “ Q Q Q Q
AV 24V
b.=—=——=|11A
19. R; =18.0Q 1 1 1\-1 1 1 1 \!
a. Ry=|—+—+—| = + +
R3=6.00 Q 1 1 1\ 1\1
Ry = 0.0556—+0.111—+0.167—> =(0.334—) =2.99Q
AV=12V Q Q Q Q
AV 12V
b.I=—-= =|4.0A
23.R;=12Q 11 1)—1 ( 1 1 1 )—1
R234:—+_+_ = + +
= 1 1 1\! 1\
R;=9.0Q Ryz4 = 0.056—+0.11—+0.17—) =(o.34—) =29Q
R,=6.00Q Q > Q Q2
AV =300V Ry =R +Ry3=12Q+29Q=15Q)]
24-R1:7.OQ R34=R3+R4=7.0Q+7.0Q=14.09
R2:7.OQ 1 1 -1 1 1 -1 1 1 -1
Ryyy=|—+—| =[——+ =(0.14 —+ 0.0714 —| =48Q

Ry;=7.0Q
4 Req:RI+R234+R5:7.0Q+4.8Q+1.5Q:

R5 =1.5 Q
AV=120V
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Givens Solutions

25. R;=6.0Q Current:
R2=9.0Q AV]ZZIRIZZ(ISA)(36Q):65V
=3. AV 6.5V
Ry=3.00Q 11:_12:_: 1.1A
AV=12V Ry 60Q
AV, 65V
L=——=——=[0.72A
=550
11\t 1 1\t
Rp=|l—+—| =—+—
R; R, 6.0Q 9.0Q
1 1\! 1\!
R;»={0.17 —+0.11—| =028 —| =3.6Q
Q Q Q

Req:R12+R3:3.6Q+3.0Q:6.6Q
AV 12V
[=—=

Potential difference:

AV, = AV, = AV}, =
AV;=IR; = (18 A)(3.0 Q) =

26. R;=3.0Q 11\t 1 1\t 1 1\! 1\!
a.Ryy=|—+—| =|—+——| =(017=+0.17—| =[034—| =29Q
R3:6.0Q R234:R2+R34:3.0Q+2.9Q:5.9Q
= 11\t 1 1\
R;=6.0Q PO U (N
R;=4.0Q Rs Rg 40Q 120Q
_ 1 1 -1 1 -1
Rs=12.00Q Rsg = 0.25§+0.0833 5) :(0.33 5) =3.0Q
R;=2.0Q
AV = 18.0V R567=R56+R7=S.OQ+2.OQ=5.OQ

R (Lt o L] -1
24567 "\ Ryas - Rsgr 50Q 500
1 1\! 1\7!
R234567 = 017 a'{' 020 5 = 037 5 = 27 Q

Reg=Ri+ Ryzy567=3.0Q+27Q=57Q
[_AV_ 180V

R”l
AV34567 = IR34567 = (3.2 A) (2.7 Q) =8.6 V

Rse7

=32A

I Ch. 18-8 Holt Physics Solution Manual
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Givens Solutions
b. AV, = LR, = (1.7 A)(2.0 Q) =
C. AV56 =I567R56 = (1.7 A)(3.0 Q) =51V
AVs 51V
d. [=—0C="""_=1042A
TRy 120Q 0424
27.R,=8.0Q Ryy=R, +R,=8.00Q+6.0Q=140Q
R,=6.0Q AV, 12V
2 L=—2="""=20A
AV, =12V R, 60Q
AV=LR,= (2.0 A)(14.0 Q) =
28. R, =9.0Q AV, =R, = (0.25A)(9.0 Q) =
R,=60Q
[;=025A
29. R, =9.0Q Ryy=R, +R,=9.0Q2+60Q=1500Q
R;=600Q AV = 1R,y = (025 A)(15.0 Q) =
I;=025A
30. R; =9.0Q AV, 12V
I =—2= =20A
R,=6.00Q R, 6.0Q
AV,=12V Req:Rl+R2:9.OQ+6.OQ:15.OQ
AV =1IR,y=(20A)(15.0Q)=|3.0x 10"V
31.R,=18.0Q a. Ry =R, + R, +R;=18.0Q+9.00Q+6.00Q=33.0Q
R,=9.00Q
e 000 b. [=1,=4.00A
3=0.
AV =1IR,, = (4.00 A)(33.0 Q) =132V
L, =4.00 A “
c.lj=I;=1,=|4.00A]
33. R, =90.0Q Ry, =R, + Ry =90.0 Q+10.0 Q=100.0 Q
R,=10.0Q R3y=R;+ Ry =10.0 Q+90.0 Q=100.0 Q
R3=10.0Q 1 1\ 1 1\ 1 1\
I R1234:(—+—> :( + ) =(0.01000—+0.01000—
R, =90.0Q Ry Ry 100.0Q  100.0Q Q Q
Ryy =60.0 Q

1 -1
Rizzq = (0-02000 5) =50.00 Q

Reg =R+ Ryp34

R= Req - R1234 =60.0 Q —50.00 Q =110.0 Q
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Givens Solutions

34. R, =150.0Q 2 N\t (2571 R
AV=1200V s =\R) T\R) s
= R R 2R
N=25 Ry=—+—="—=150.0Q
25 25 25
25(150.0 Q)
R= 72 =|1875Q
35. R=6.0Q The following equations represent the circuits as listed.
(@ R, =2R=2(60Q)=12.0Q
2\t 2\
M) R,=|=| =|—r] =30Q
R 6.0 Q
3 -1
() R =2.0Q
R 6 0 60Q
L, -1 1 1\
(d Ry=|—+— —+
R 2R 6 0Q 12.0Q
1)t 1\t
017—+00833— =(0.25—=| =4.0Q
Q Q
Ce) R () +R=3.0Q+60Q=9.0Q
36. AV=9.0V 1 1\ 1 1\t 1\t
a. Ry=|—+—| =|—=+-—=| =08~ =12Q
R;=45Q R, Rj 302 20Q Q
R;=3.0Q Ry =R, +R;3=45Q+12Q=[57Q)
R3 =2.0 Q
AV 9.0V
b. I= ——=|1.6A
R T 57Q

eq

c. [=I=[16A

AV23 :IR23 = (1.6A)(1.2 Q) =19V

AVy; 19V
L=—2-—""—1063A
= Ton
L= = =[095A
= Ton

d. AV, =R, = (1.6 A)(4.5Q) =

AV, =AV;=AV,; =

I Ch. 18-10 Holt Physics Solution Manual
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Givens

37.R,;=18.0Q
R2 =6.0 Q
AV =180V

Solutions

Reg=R;+ R, =18.0Q+6.0Q2=240Q

AV 18.0V
I =L=I=—=——=10.750A
p=hel=gm =t

eq

AV, =R, = (0.750 A)(18.0 Q) = [ 135V
AV, = LR, = (0.750 A)(6.0 Q) =

38. R, =30.0Q

1 1\ 1 1\
b. R,=—+—| = +
R, R, 300Q  15.0Q

R2=150Q
= 1 1\ 1\
R;=5.00Q R12=(0.0333—+0.0667—) =(0.1000—) ~10.00Q
AV=30.0V Q Q Q
Rey= Ry + R3=10.00 Q +5.00 Q= 15.00 Q
AV 300V
c.=l=—= =|2.004
7R, 15000
AV, 200V
=222 o667 A
"R, 300Q
AV, 200V
L= o334
2T R, 150Q
d. AVIZAVZZAVIZZ 200V
AV; = I;R; = (2.00 A)(5.00 Q) = | 10.0 V
39. R,=12Q AV _ 12V
Rj=—=—"=[40Q
=, " s0a
AV=12V
I]ZS.OA

40. R, =18.0Q
R2 =6.0 Q
AV=18.0V

1 1\t 1 1 \! 1 1\7! 1\!
Ryg=|—+—| = +——| =[0.0556 —+0.17 —| =[0.23 —

R, R, 180Q 6.0Q Q Q Q
Ry =43Q
AV, =AV,=AV=|18.0V

AV, 180V

[[=—= =[1.00 A
™R, 1800

AV, 180V

"R, 600 =[304]

I
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Givens

41. R, =90.0Q
R,=10.0Q
R3;=10.0Q
R;=90.0Q
Reg=2Ryys

Solutions

Switch open:
R12 = R1 + R2 =90.0 Q+ 10.0 Q: 100.0 Q
R34 = R3 + R4 =10.0 Q+ 90.0 Q= 100.0 Q

Ripse=

R, Ry 100.0Q  100.0 Q

Req = R+ R1234 = R+ 5000 Q
Switch closed:

Rj3=

1 1\ 1 1\

_— 4 — ] P E

R; R 920.0Q 10.0Q
1 1\! 1\!

0.0111 —+0.100 —| =[0.111—] =9.01Q
Q Q Q

1 1\ 1 1\
—+—] = + =9.01 Q
R, Ry 10.0Q  90.0Q

Rj3=

Ry =

Reyps=R+Ry3+ Ry =R+9.01Q+9.01 Q=R+18.02Q
Reg=2Reys

R+50.00 Q=2(R+18.02Q)=2R+36.04 Q

2R— R=50.00 Q—36.04 Q

11\ 1 1\t 1\t
i = + =|0.02000 =} =50.00Q

42. R=20.0Q

a. Two resistors in series with two parallel resistors:

Rey =R+ R+

2\1 2
2 =200Q+20.0Q+
R 20.0

b. Four parallel resistors:

4\"1 R 200Q
Reqz(—) = T, T

R 4

I Ch. 18-12 Holt Physics Solution Manual
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Givens Solutions

43. AV=120V a.R,=R; +R,=

30.0 Q+50.0 2 =80.0 Q

R, =30.0Q 1 1)1 ( 1 1 )1
Ripz=|—+—| =|l—0—zt—"
R,=50.0Q Ry, R 80.0Q 90.0Q
= 1 1\1 1\
R;=90.0Q Ryx;= 0.01255+0.01115) =<0.0236 5) =424Q
R;=20.0Q
Req:R123+R4:42.4Q+20.0Q=
AV 120V
b.[=—= =[0.192A
C. AV123 = IR123 = (0192 A)(424 Q) =8.14V
AV, 8.14V
I,=—%= =0.102 A
R, 80.0Q
1121122 0102A
d. AV, =1,,R,=(0.102 A)(50.0 Q) =5.10 V
(AV,)?*  (5.10V)?
P,= =~ =[0520W
= =500
e. AV, =1IR;=(0.192A)(20.0 Q) =3.84V
(AV,)?  (3.84V)?
P, = =~ =|0.737W
3000
44. AV=6.0V series:

AV, =4.0V (series)
I =2.0 A (parallel)

AVy 20V

AV:AVA+AVB
AVE=AV —AV, =60V —-40V=2.0V

5= =0.67A
Ry 3.0Q
I4=I3=0.67 A
AV, 40V
Ry=——= =16.0Q
AT T 067A
parallel:

AV, =AVE =60V

AVg 6.0V
RB=I—;=m=

Section One—Student Edition Solutions
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Givens Solutions
46. R;=5.0Q a. Rygo=R,+Rg+Rg=3.0Q+4.0Q+3.0Q=10.0Q
=10. 1 1\t 1 1\ 1\!
Ry=10.00 R5789=(—+—) = + ) =<0.2oo —) =5.00 Q
Ry =40Q Rs Rygo 100Q  10.0Q Q
R4 = 30 Q R456789 = R4 + R5789 + R6 =3.0 Q +5.00 Q +2.0 Q =10.0 Q
R5=10.0Q 1 1\ 1 I 1\!
R2456789: — 4+ = + - 0.200 - :S.OOQ
R6 =2.0 Q R2 R456789 10.0 Q 10.0 Q Q
R;=3.0Q Reg =Ry + Roygss789 + R3=5.0Q+500Q+4.0Q=14.0Q
R8:4.0Q
Ro=3.0Q AV 28V
7 b.[=— = =20A
AV=28V Ry 140Q
47. P=4.00W 1 1)-1 ( 1 1 )—1
a. R23: —_—+ — = + —
R;=3.0Q R, Rj 100Q 50Q
= 1 1\! 1\!
Ry=10.00 R23=<0.100—+0.20 —) =(0.30 —) =33Q
R;=5.00Q Q Q Q
R;=4.0Q Ry;y=Ry; +R;=33Q+40Q=73Q
Rs=3.0Q

Roeo = 1+1—1_ . !
PP\ Ry Rs) 173Q 3.0Q

Ross =014 L1033 L —[oar L] 2210
2345— . Q . Q - . Q — L.

Req:R1+R2345:3.0Q+2.1Q:

b. AV=1/PR,;= /.00 W)(5.1 Q) =

48. P;=1200W
Pc=1200W
AV=120V
Lpax =15 A

P=IAV
PT + PC =IAV

| 201200W)
o120V

=20A

no, because 20 A > 15 A |

49. Py =1300 W
Pr=1100 W
P;=1500 W
AV=120V

Py 1300W
a. heater: [=—=———=[11A
AV 120V

Py 1100W
toaster: [ = — = =|9.2A
v oy - 1224

P 1500 W
rill: I =—== =-12A

b. I,,=11A+92A+12A=|322A

I Ch. 18-14 Holt Physics Solution Manual
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Circuits and Circuit Elements, Standardized Test Prep

Givens Solutions
8.R,=20Q Reyy=R,+Ry+R3=2.0Q+2.0Q+2.0Q2=600Q
Ry=2.00Q AV, 12V
=—t=—"" —20A
R;=2.0Q R, 6.0Q
AV,p=12V AVp=IR=2.0A%2.0Q =
- AV 9.0V
10. Ry ,=3.0Q [ AV _90V_
- Ryup  3.0Q
AV=9.0V bulb
11. Ry p=3.0Q 1 -1 -1
bulb Rey= (— 6| = x6| =0.50Q
AV=9.0V Rpup 3.0Q

AV 9.0V
fo = R T 0s00

eq

16. R,=1.5Q PR I R N T SR
R,=6.0Q "R, R, 15Q 60Q '
Rputp =30 €2 Rey=Rpp+ Ryp=12Q+3.0Q=|42Q]
AV=12V

AV 12V
b. [=—=—"—=29A
Ry 42Q

17.R,=15Q a. Ryy= R+ Rpyp=15Q+3.0Q=45Q
Ryup=3.0Q
AVig=12V b 1= =2V 574

R, 45Q

eq

Ty =

Section One—Student Edition Solutions 1 Ch. 18-15



Givens Solutions

18. R, =4.0Q a. Ry=R; +R,=4.0Q+120Q=160Q
R,=12.0Q AV 40V
L=L=I=—= =[0.25A
_ = R, 160Q
AV =40V e
AV, =R, = (025 A)(4.0 Q) =
AV, =LR,=(025A)(12.0 Q) =
11\ 1 1\t
R,=40Q b. Ry =|—+—| =|——+
R, R, 40Q 1200
R,=12.0Q
R, =025 L+ 00833 L] =033 L] =300
AV =40V e =|025 5+ 00833 | =033 | =3,
AV, = AV, = AV=
AV, 40V
L="A=221 _[10a
"R, T 40Q
AV, 40V
L="2= =0.33A
TR, 120Q
19. R, =150Q a. Ry =R, + R, =150 Q+180 Q=330 Q
R,=180Q AV 12V
L=L=I=—=—"=[0036A
AV=12V Ry 3300

AV, = LR, = (0.036 A)(150 Q) =
AV, = LR, = (0.036 A)(180 Q) =

R =150Q b. AV, =AV,=AV=|12V]

R;=180€ AV, 12V
="t —lo0s0A
R A o

AV=12V
AV, 12V
L=—2=—""=10.067 A
= " Twa

I Ch. 18-16 Holt Physics Solution Manual
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Student Edition Solutions

Magnetism

Magnetism, Practice A

Givens Solutions

1. B=420%x 1072T F , 2.40x 10714 N
v= —magnetic = —19 =) =[3.57 % 106 m/s
qB (1.60x 1072 C)(4.20 X 107> T)

Frnagnetic=2-40x 104 N

g=1.60x10""C

2. F . =2.0x10714 ba . 20x10°¥N
ragnete downward y = —magnetic 19 ———=|15X% 10® m/s north
qB (1.60x 1077 C)(8.3x 107 °T)

B=8.3x107>T west
g=1.60x10""C

3. B=15Tnorth Foagneric = VB = (1.60 x 10™° C)(2.5 x 107 m/s)(1.5T) = [ 6.0 x 1072 m/s N west

v=2.5x10" m/s
downward

g=160x10"C

Magnetism, Practice B

_ F . 70x10°N
1./=60m Bzwzmz 1.7 % 107 T in the +z direction
I=7.0A 17 (70A)©60m)

Frnagnetic=7-0x 10°N

2./=10m
Fmagnetic 0.50 N
B= = ~[0.050T
Frnagnetic =0.50 N % (100 A)(1.0m)
I=10.0A
3./=0.15m oo Foggeric__ LON_
I=45A i/ (45A)(015m) —

Fmagnetic: LON

4.B=15T y Emagneric . 44N _
IB 50A)(1.5T '
qugnetic= 44N ( : )

I=50A

Section One—Student Edition Solutions 1 Ch. 19-1



Magnetism, Section 3 Review

Givens Solutions

_ F, j 15N
1. ¢=0.030C B = _magnetic _ —loo081T
(0.030 C)(620 m/s)

qv
qugnetic =15N

v =620 m/s

3./=25cm Foagneric = BI/ = (0.60 T)(5.0 A)(0.25 m) = [0.75 N

I=50A
B=0.60T

Magnetism, Chapter Review

30. B=5.0x 107 T North F » 30x10° 1N
V= magnetzc: — — —
Fmagnetic: 30x10° 1N qB (4.0x107°C)(5.0x10°T)
upward
g=4.0x10"%C
31. m=1.673x10"* kg mg = quB

_ s 1.673 x 1072 kg)(9.81 m/s>
B=50x10"T pr8_ — B — ) 2% 107 mis
gB  (1.60x107° C)(5.0x 107 T)

g=1.60x10""C

g=9.81 m/s’
32. [=100A Fmagnetic 15.0 N
B= =——————=0300T
/ =5.00m 4 (10.0 A)(5.00 m)

qugnetic: 150N

33./=1.00m mg= BI{
m=50.0 g =0.0500 k 0.0500 kg)(9.81 m/s>
R S e P
1=0.245A V4 (0.245 A)(1.00 m)
g=9.81 m/s>
34. v=2.50 x 10° m/s a. mg=quB

—27 2
m=1.673x 10" kg g™ _ (1'673“109 kg)(g‘smg/s) -
q (160 x 1012 C)(2.50 x 10° m/s)

g=160x10""C

g=9.81 m/s’
38. v =2.0x10" m/s ma = quB
= B (1.60x 107" C)(2.0 x 10" m/s)(0.10 T)
B=0.10T PR — 1o 10% m/s2
m=1673x10"" kg m 1.673 x 107" kg

g=1.60x10""C

I Ch. 19-2 Holt Physics Solution Manual
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Givens

39.

g=1.60x10""C
a=2.0x10" m/s®
v=1.0x10" m/s

m=1.673x10"*" kg

Solutions

ma = quB

ma  (1.673x 107 kg)(2.0 x 10" m/s?)

qv (160 x 107 C)(1.0 x 107 m/s)

B= | 2.1x107* T, in the negative y direction|

40.

v=3.0x10°m/s
0=37°

B=030T
g=1.60x10""C
m=1.673x10"" kg

a. Fyagneric = qB(sin 0) = (1.60 x 10~"° C)(3.0 x 10° m/s)(0.30 T)(sin 37°)

Frnagnetic = | 8.7 x 107 N
F 87x107"N 5>
a=—=—""——=|52x10" m/s
m 1.673x 1072 kg

41./=15cm mg = BIY
[=50A mg  (0.15kg)(9.81 m/s?)
- 8 =[2.0 T, out of the page
m=0.15 kg I/ (5.0A)(0.15m)
g=9.81 m/s’
42. [=15A Consider the force on a 1.0 m length of wire.
Fmagnetic qugnetic
—; - 0.12 N/m Foagnetic = —/ (/)=(0.12N/m)(1.0m) =0.12 N
qugnetic =BI/
F i 0.12N
B = _ragnetic _ = | 8.0 107 T, in the positive z direction
1/ (15A)(1.0 m)
43. B=35mT=35%x10">T F 45x 102N

Frnagnetic=4.5x 107" N
q=q,=1.60x10""C
m=m,=167x10"" kg

"TgBT (1.60x 107 C)(3.5 mT)

1 1
b. KE= Em# = z(1.67 x 10727 kg)(8.0 m/s)*

KE=|54x107%]

a4.

m=6.68x10" kg
r=3.00 cm
v=1.00x 10* m/s
g=160x10""C

Use the equation for the force that maintains circular motion from Chapter 7.

F.= Fmagnetic
1/2

m— = quB
r

my (6.68x 107> kg)(1.00 x 10* m/s)
qr (1.60 x 1072 C)(0.0300 m)

= | 1.39x 1072 T, toward the observer

Section One—Student Edition Solutions 1 Ch. 19-3




Givens Solutions

45. r=1000.0 km Use the equation for the force that maintains circular motion from Chapter 7.
B=4.00x10°T F, = Fpagneric
19 2
=1.60x10 7 C v
1 m =quB
m=1.673x10"" kg rrE
rp=6.37%10°m L~ (r+ g8 _ (10000 10° m + 6.37 x 10° m)(1.60 x 107'? C)(4.00 x 1078 T)
m 1.673 x 10727 kg

v=12.82x10" m/s

46. g,=-1.6x10C a. v=2.0% c= (0.02)(3.8 x 10% m/s) = (6.0 x 10° m/s)
m,=9.1x 10" kg B=3.0T
4p=16x10""C Fypagnetic=qvB= (1.6 x 1077 C)(6.0x 10° m/5)(3.0 T)

8
c=3.0x10"m/s =y
Foagnetic = | 2.9 X 107> N

k.= 9.0 x 10° Nem?/C?
b. r=3.0x10°m

(-1.6x107° C)(1.6x 107 C)
(3.0x 107° m)?

qeq
Felectric = kc%pz (9.0x 10° N-mz/Cz)

—17
Felectric=|—2.6x10 "N

c. g=9.81 m/s”

F

gravitational = ME= (9.1x 107! kg)(9.81 m/sz)

—30
Fgravimtionalz 8910 "N

Magnetism, Standardized Test Prep

7.9=32x10""C Fpnagneric=qvB=(3.2x 1077 C)(2.5x 10° m/s)(2.0x 107 T)
_ 6 -
y=2.5%10"m/s Fmagnetic: 1.6 X 10 16 N
B=2.0x10*T
8./=25cm=0.25m Frpagnetic=BI/ = (4.8 107 T)(12 A)(0.25 m)

I=12 A (east to west) Frnagnetic= | 1.4 X 104N

B=48x107°T (south to
north)

16. q=1.6x 10 ¢ Fcentripeml = Fmagnetic
2

v
m—=qvB
r

m=1.7x10"*" kg

B=025T
Voo _my

_ 5 r=m—=——="——
y=2.8x10"m/s qvB gqvB ¢B

(1.7 % 107 kg)(2.8 X 10° m/s)
T (16x107C)(0.25T)

r=12x102 m=

r

I Ch. 19-4 Holt Physics Solution Manual
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Student Edition Solutions

Electromagnetic
Induction

Electromagnetic Induction, Practice A

Givens Solutions
1. r=22cm AB
emf=—NA(cos 0)—
B;=050T At
Br=000T AB=B;—B;=0.00T-050T=-050T
At=0.25s A=nr?

- AB —0.50 T
N=1 emf = —N7r(cos 6) == = ~(1)(7)(0.22 m)*(cos 0.0°)
6=0.0° At 0.25s

emf=[0.30V
2. N =205 = emf
R=23Q R
AB
A=0.25m’ emf =—NA(cos 6) ~

— o
=00 AB=B;—B;=00T-16T=-16T
At=025s _ ~NA(cos 0)AB _ ~(205)(0.25 m?)(cos 0.0°)(~1.6 T)
Bi=16T B AR B (0.255)(23 Q)

Bf=0.0T -
3.r=0.33 AB
’ m emf =—NA(cos 8)—
B;=035T At
0=0.0° AB=B;—B;=-025T-0.35T=-0.60T
Br=—0.25T A=nr?

- AB  —(1)(7)(0.33 m)?(cos 0.0°)(=0.60 T
At=15s emf = —Nr(cos 0)2F = (1)(m)( ) ) )
N=1 At L.5s

e -
4. N =505 Acos 6 = cos 0 — cos 6; = cos 90.0° = cos 0.0°=0—-1=-1
d=155 d\?
cm s _)
6;=0.0° 2
Af=2.77 ms _(emf)(Ar)  (0.166V)(2.77x 107 s)

_ o ~ —NA(Acos 6) 0.155 m\>
6 =90.0 —(505)(n)< | =D
emf=0.166 V

B=[483x10"T

Section One—Student Edition Solutions
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Electromagnetic Induction, Section 1 Review

Givens

3. N=256
A =0.0025 m*
B;=025T
6=0.0°

At=0.75s
Br=0.00 T

Solutions

AB = By — B;=0.00 T-025T=-025T

AB —(256)(0.0025 2 0.0°)(=0.25T
emf =—NA(cos 8)— = (256)¢ m')(cos X )
At 0.75s

emi -

Electromagnetic Induction, Section 2 Review

1. A=033m’
®=281rad/s
B=0.035T
N=37

maximum emf = NABw = (37)(0.33 mz)(0.035 T)(281 rad/s)

maximum emf = | 1.2 x 10>V

2. maximum emf=2.8V
N=25
A=36cm?
£=60.0 Hz

maximum emf maximum emf 2.8V

NA® NA2zf  (25)(0.0036 m2)(27)(60.0 Hz)

B=|83%x1072T

Electromagnetic Induction, Practice B

1.R=25Q AV, 120V

I .= =—_ =|48A

s == =

AV, =120V o I 48A —
M 0.707  0.707 -
AV 120V
AV, =—I """ 170V
0707 0.707

2. I,,=55A

I 55A
I,.=—2=-""_-|78A
0,707 0.707

3. AV, =110V
Lypax =10.5A

a. I, = (0.707) (1., = (0.707)(10.5A) = | 7.42 A
AV, 110V
b. R=—" = =|148Q
on

Irms

4. AV, =150V
R=104Q

AV, 150V
[.=—" =" _—|144A
™R 104Q -

I 1.44 A
I = _ 7T _(2.04A
0707 0.707 -

AV, 150V
AV, =T -21.2V
X 0.707  0.707 -

I Ch. 20-2 Holt Physics Solution Manual
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Givens Solutions

5. AV, =155V a. AV, = (0.707)(AV,,,,) = (0.707)(155 V) = | 1.10 X 10* V

R=53Q R
AV, 1.10x 10°V
b. I,,,=— % = =|2.1A
R 53Q
6. AV, =451V AV,s = (0.707)(AV,00) = (0.707)(451 V) = | 319V

Electromagnetic Induction, Practice C

1. N; = 2680 turns N,AV, (2680 turns)(120 V)
2=, 50V

AV, =5850V
AV,=120V
2. Av;=12V NAV, (21 turns)(2.0 x 10* V) -
AV,=2.0x 10V AV, 12V
N; =21 turns

_ AV, (25500 turns)(117 V)
3. AV, =117V N, = N2AVL = [25.0 turns|
=" Av, 119340 V

AV,=119340V
N, =25 500 turns

4. AV, =117V N; Avy 117V |156
AV, =0.750 V N, AV, 0750V | 1
5. N; =12 500 turns NLAV 525 t 3510V
1 Av, = DAV (525 turns)( ) _
N, =525 turns N; 12 500 turns
AV; =3510V

Electromagnetic Induction, Section 3 Review

1.1,,=0.025mA I 0.025 mA
s Lpax = —2 = ——— =10.035mA
R=43KkO 0.707  0.707
AV,ps = LR = (0.025x 107 A)(4.3%x 10° Q) = [ 0.11 V
AV o = LnaxR = (0.035 X 10 A)(4.3x 10° Q) = 0.15 V

2. N; =50 turns N,AV; (7000 turns)(120 V) m
AV, = = =|[1.7x10°V

N, =7000 turns 50 turns
AV, =120V
. N; =12t NL,AV 2550 t 120V
3. N; urns AV, = 2AV; ( urns)( ) _hexiotv
N, =2550 turns N; 12 turns
AV, =120V

Section One—Student Edition Solutions 1 Ch. 20-3



Electromagnetic Induction, Chapter Review

Givens
10. N=1
r;=0.12m

B=0.15T
Ap=3%10""m’

Solutions

—N(cos 6) BAA
At

emf =

AA=Ap— A= Af-mr = (3% 107 m%) - (7)(0.12 m)*

AA = (3% 107 m?) — 0.045 m? = —0.042 m*

—(1)(cos 0.0°)(0.15 T)(~0.042 m?)
At=0.20s emf = ( =32x1072V
o 323107 V]
0=0.0°
11. A=(0.055 0.085 A[AB 0 AB
( m)( m) emf = —Ni[ (cos O)] = —NA(cos ) —
0 0.0° At At
N=75 emf =—(75)(0.055 m)(0.085 m)(cos 0.0°)(—=3.0 T/s) = 1.05V
R=87Q emf 1.05V
I=—= =[0.12 A
p Tarere
——=3.0T/s
At
12. N=52

A=55%10" m?
B;=0.00T
Br=0.55T
At=0.25s
6=0.0°

—NA(cos 6)AB
At
AB =Bf—B,~ =0.55T-0.00T=0.55T

—(52)(5.5 x 107> m?)(cos 0.0°)(0.55 T)
emf = =[-0.63V
e

emf =

26. AV,,,, =220 000V

AV, 220000V

- - =310000V=3.1x10°V |
0707 0.707

Vm ax

27. AV, =340V
R=120Q

. AV, = (0.707)(AV,,4,) = (0.707)(340 V) = [ 2.4 x 10° V

AV, 2.40%10°V
b. I, =—"™= =[20A
s R 120Q -

28. I, =0.909 A

a. L, = (0.707)(Ia) = (0.707)(0.909 A) = | 0.643 A

R=182Q
b. AV, = I,,,R = (0.643 A)(182 Q) = [ 117V
c. P=1,, R=(0.643A)*(182Q) =752 W
29. P=996 W
9. P=99 a. Iy = (0.707)(Iyae) = (0.707)(11.8 A) = | 8.34 A
Lpax =11.8 A

P 996W

b. AV, = —
" Lps 8.34A

119V

I Ch. 20-4 Holt Physics Solution Manual
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Givens Solutions

34. AV, =120V AV,N; (9.0 V)(640 turns)
N, = = = |48 turns
=S 20y

AV,=9.0V

N; =640 turns

- N
35. AV,=9.00V av—av, M
N, 246 N; "
N, 1 AV;=(9.00 V)| ——| =221V
LN

36. AV, =120V AV,N;  (6.3V)(210 turns)
N, = = =11 turns
= oV

AVZ =63V
N; =210 turns

= N
37. AV; =24000V b. AV]:AVZFI

N; =60 turns 2

3 3
N, =3 turns AV, =(24 000 V)(a) =1200V =

42. N=1 —NA(cos 8)AB
A= T

B;=25%1072T emf

=B,—B. = _ s -2
A=754%10"> m> AB=B;—B;=0.000T-25x10 "T=-25x10"T

-3 2 o -2
emf=15V —(1)(7.54x 10" m”)(cos 0.0°)(=2.5x 10"~ T) =
At = =[13x10 "s
5y

6=0.0°
B;=0.000 T
43. A =1.886x10" m? No (emf)(Ar)
Bj=25x1072T —Alcos O)AB
=2,
Af=025s AB=B;-B;=0.000T-25x10°T=-25x10"T
= 149 % 107> V)(0.25 s
emf =149 mV N= ( it ( ) ___[79% 102 turns
By =0.000 T —(1.886 X 107" m*~)(cos 0.0°)(-2.5x107° T)
6=0.0°
44, N=325 .
(emf)(At) (15x107°V)(1.25) 5
A=19.5%10"* m? = = > =—42%x10°T
: —NA(cos 8) —(325)(19.5 X 10™* m~)(cos 45°)
6 =45°
e 125 Bi=Bf—AB=0.0T-(-42x107T)=|42x 10T
t=1.25s
emf=15mV
Br=0.0T

Section One—Student Edition Solutions 1 Ch. 20-5



Givens

45. N; =22 turns

Solutions

N,AV, (88 turns)(110V
b. AV, = 2N 1 B8y 10V) o 7y
1

N, =88 turns 22 turns
AV; =110V
—NA(cos 0)AB  —Nzr*(cos 6)AB
46. N=105 emf = —A(cos )AB _ —Nzr(cos 6)
At At
6=0.0° 3 3
AB:Bf—B,:0.00T—4.72>< 10°T=-4.72%x10"T
r=0.833 m

B;=472x107°T
B;=0.00T
At=10.5 us

_ —(105)(m)(0.833 m)?(cos 0.0°)(=4.72 x 107> T)

mf —
10.5X 10 s

emf=[1.03x10°V

47. AV, =20.0kV

N, AV, 200x10°V _|171

AV,=117V N, AV, 117V 1
48. emf = (245 V)sin 560¢ =30 _Teom
=

maximum potential difference = | 245V

49. -M=1.06H
AI=9.50 A
At=0.0336s

Al 9.50 A
emf=-M— = 1.06 H X ={300V
At 0.0336

50. P=5.0 x 10° kW

AV, =4500V
AV,=510kV

R=(4.5% 10" Q/m)
(6.44 X 10° m)

2

P
(4.5 % 1074 Q/m)(6.44 x 10° m)

AV,

Pissipated =28 X 10° W =| 28 kW

X 2 [5.0x10°W
Pdissipated =I'R= R=

510x10°V

b. If the generator’s output were not stepped up,

P
I=—
AV, i .
P 50%10°W
Puicinared =’R=| —| R=[=———| (4.5% 107 Q/m)(6.44 X 10° m
dissipated AV, ( 4500 V ( ) )

Pdissipated =3.6X 108 W=|[3.6X 105 kw

I Ch. 20-6 Holt Physics Solution Manual
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Electromagnetic Induction, Standardized Test Prep

Givens Solutions
. AV,
4 AVys= \/Eax
AV s __L
AVyar V2
6. A2: 15A1 AV, = NIA[AIBICOSBI]
=
B,=B, At;
N2=2N1 AV2:— NzA[Aszcosez]

cos B,=cos 0;

Atz = O.SAtl

At

AVZ _ NZA [Aszcosez]Atl

AV] N]A[A]B]COSG]
AVZ_ NzAzAtl _ NZ

AV, 1.54,

AV, \ N U4

AVZZ 6 X AV]

2N,

AL\
0.5At;)

1AL,

Ap
A

At1>

-

8. AV;=240000V
Nj4=1000 turns
N, =50 turns
N;p=0600 turns

N, =20 turns

Nza

AVZZ AV]
Nia

(@
Nip

AV, = (240 000V)

|

50 turns 20 turns
=400V
( 1000 turns)( 600 turns)

10. I,,,,=35A
AV oy = 340V

Lys=0.707L0= (0.707)(3.5 A) =2.5 A

AV, =0.707AV 0 =

(0.707)(340 V) =240 V

Piissipated = AVymsLims = (240 V)(2.5A)=|600 W

11. 1,,,,=120A

Lppps=0.7071,,0:= (0.707)(12.0 A) = | 8.48 A

14. N; =150 turns
N,=75 000 turns
AV;=120V

N,
AVZZ AV]F: (120 V)

1

75 000 turns
150 turns

AB

18. —=0.10T/s
At
r=24cm=0.024 m
N=1

6 =180° (for maximum
emf)

AD,y, NA[AB cos 0]

emf=—N =-

At

At

AB AB
emf=— NA cos @ — = — Nitr* cos § —
At At

emf=— (1)(r)(0.024 m)?(cos 180°)(0.10 T/s)

emf=|1.8x107*V

Section One—Student Edition Solutions
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Student Edition Solutions

Atomic Physics

Atomic Physics, Practice A

Givens

1. E=8.1x10""ev

Solutions

E  (8.1x107eVv)(1.60x 1077 J/eV)
== =|2.0Hz
f h 6.63 X 10734 Jes

2. f=0.56Hz E=hf=(6.63x10"*Je5)(0.56 Hz) = | 3.7 x 107°*]
3. E=5.0eV E (160X 1079 J/eV)(5.0 eV) -
f:_: 34 =11.2x10"Hz
h 6.63 X 107°* Jos
4. =940 um

¢ 3.00%x10° m/s m
a.f=—=————=|319x10" Hz
A 940x10°m
(6.63 % 1074 Jos)(3.19 x 10'! Hz) —
c. E=hf= s =1.32x1073 eV
1.60%x 1077 J/eV

Atomic Physics, Practice B

1. E=5.00 eV KEjax= E — hf,
 E—KE,,  [5.00eV — 3.00 eV](1.60 x 10" J/eV)
== 6.63 X 1074 Jos
i-
2. 1 =350 nm work function = hf — KE, .
KEypax = 1.3 €V

Cc
=3

c
work function = h(Z = KE, 0%

(6.63 x 107>% Jos)(3.00 x 10® m/s)
(1.60 x 1072 J/eV)(350 x 107 m)

work function = 3.6 €V — 1.3 eV =

work function (2.3 €V)(1.60 x 10" J/eV)
h 6.63x 1074 Jos

f,=5.6x10" Hz

work function = 1.3eV

fi =

Section One—Student Edition Solutions
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Givens Solutions

3. f=1.00x10" Hz KE ax = hf = hf,
KE, 0 =285 X 10719 hf,= hf — KE,ax
hf,= (6.63 X 10724 Jos)(1.00 x 10'° Hz) —2.85x 1077

hf,= 6.63x 1077 —2.85x 10717

hf,=3.78x 10777

C ting to elect lts, hf, 378x 1077 2.36 eV
onverting to electron-volts, =96 = . (&
§ T 160x 107 3/ev

4. f=70x10"Hz (6.63 % 107>*Jes)(7.0 x 10'* Hz)

E=hf =T =29eV
Ry tithium = 2.3 €V 1.60 X 1077 J/eV
hf, siter = 4.7 €V The photoelectric effect will be observed if E> hf;, which holds true for
1, cosium = 2.14 €V and [ cesium |.
Atomic Physics, Section 1 Review
2. 1=45x10"m he (663 % 107>*J+5)(3.00 x 10° m/s)

E=hf=—=
f A (1.60%x 1077 )/eV)(4.5x 107/ m)

¢ 3.00%10% m/s

- -7 == P o300%x10° Hz
5.1=100%x10" m f 2" T00x107m

hfi=4.6ev 466V (4.6eV)(1.60 x 1072 J/eV)

fi= h 6.63 % 10734 Jes
f,=1.1x10" Hz

Because f > f;, electrons are ejected.

KEjax = hf - hft

(6.63 % 107>*J#5)(3.00 x 10" Hz)
KE 0 = — —4.6eV
1.60 x 1079 J/ev

KE, e = 1246V — 4.6 eV =

Atomic Physics, Practice C

1. E;=-151eV E=FE;—E;=(-151¢eV)—(-3.40eV) = 1.89 eV
E,=-3.40 eV "
i E_ (1.89eV)(1.60x 107" J/eV)
h 6.63 X 1074 Jos
f=4.56 x 10! Hz
2. Eg=—0.378 eV E=Eg—E;=(-0.378 eV) — (-1.51 eV) = 1.13 eV

E;=-151eV
_E_(1.13eV)(1.60x 10" J/eV)

h 6.63 X 10734 Jos

f=[2.73x 10" Hz

I Ch. 21-2  Holt Physics Solution Manual
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Givens

3. Es=6.67¢eV
E] =0eV

Solutions

E=Es;—E;=(6.67¢V)—(0eV)=6.67 eV

/- E_(6.67eV)(1.60x 10" J/eV)
h 6.63 X 1074 Jos

f=[1.61x10" Hz

5. f=7.29x 10" Hz

E=hf=(6.63x107*Jes)(7.29 x 10" Hz) =4.83 x 10717

E=483x10""Jx1eV/1.60x 1070 J={3.02eV

Atomic Physics, Practice D

1. m =50.0g=5.00x 10 kg

A=332x10"*m

h 6.63x107* Jos
YT Am - (5.00% 102 kg)(3.32x 104 m)

=399 m/s

2. 1=500x10"" m

m=9.109x 10! kg

h 6.63x 107* Jos 3
v=—= — = =[1.46 X 10° m/s
Am (5.00% 10~ m)(9.109 x 10! kg)

3. m=0.15kg
A=500%10""m

h 6.63x 1074 Jes
Am (5.00 % 107" m)(0.15 kg)

v= =|8.84x 107 m/s

4. m=1375k h 6.63x 10747 -
m=1375kg 1= 5 Jos —[4.0%1038m
v =43 km/h my (1375 kg)(43 x 10° m/h)(1 h/3600 s)
5. v=3.5um/s h 6.63x 1074 Jes
H =t - ———=[1.0x10 kg
Av (1.9%x 1077 m)(3.5x 107" m/s)

A=19%x10""m

Atomic Physics, Section 3 Review

3. v=1.00x10* m/s

m=1.673x10" kg

h 6.63x 1074 Jes =
A=— = — . =13.96x10""'m
my (1.673 x 10727 kg)(1.00 x 10* m/s)

Atomic Physics, Chapter Review

11. E=2.0keV

3 —19
E  (2.0x10°eV)(1.60 x 1077 J/eV)
f=== — =[4.8x10" Hz
h 6.63x 1074 Jos

12. 1; =5.00 cm

A,=5.00%x10"" m

A3=5.00x10"m

he  (6.63%1072%70s)(3.00 x 10% m/s) -
a.E=hfj=—= — ———={249%107 eV
A (1.60x 1079 J/eV)(5.00 X 1072 m)

he  (6.63% 10724 Jes)(3.00 x 10% m/s)
b. E,=hf,=— = =|2.49 eV
2= A, (1.60x10797/eV)(5.00 x 10~ m) 249V |

h 6.63 X 10724 705)(3.00 x 10® m/s
c.E3=hf3=—C ( Jes)( )

= =(249eV
A3 (1.60x 1072 J/eV)(5.00 x 1078 m)

Section One—Student Edition Solutions
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Givens Solutions

13. f=15x 10" Hz = hf — KE,ppux
-~ Ba
KEpax =1.2 €V h

(6.63 % 1072*Jos)(1.5 x 10" Hz) — (1.2 eV)(1.60 x 1077 J/eV)

b 6.63 X 1074 Jos

(9.9 x 107" J-1.9x% 107" )
= =|1.2x10"H
S 6.63x 107 Jos z

14. f,=1.14x 10"’ Hz . (6.63x 1072* Jos)(1.14 x 10" Hz)
work function = hf, = 19
1.60 X 1079 J/eV

work function = [4.72 eV

23. E,=—13.6eV a. E=Ey— E;=-340eV - (-13.6eV) = 10.2 eV
E,=-3.40 eV f=E_(102eV)(1.60 1077)/ev)
h 6.63 X 107> Jos

f=2.46 x 10" Hz

E;=-136¢V b. E=E;— E;=-151 eV~ (-13.6 V) = 12.1eV
Es=-151eV CE_(12.1eV)(1.60x 107 J/eV)
h 6.63 %1077 Jos

f=12.92x10"° Hz

E;=-13.6 €V c. E=E,—E;=—0850eV - (-13.6eV) = 12.8 eV
E4=-0850eV o E_(128eV)(160x 1077 J/eV)
h 6.63 % 1074 Jos

f=13.09x 10" Hz

E;=-13.6¢€V d. E=E5;— E;=—0.544 eV — (-13.6 eV) = 13.1 eV
Es=-0544eV = E_(1316V)(160x 1077 7/ev)
h 6.63 X 107 Jos

f=[3.16 x 10" Hz

A= -1 h 6.63 % 1074 Jes
33. 1=5.2x%x10 m ye > ] — _ 1.4)(1071'1‘1/8
mA (9.109 x 101 kg)(5.2 x 101 m)

34. m=015kg gt 66x107 e

v=45m/s mv (0.15kg)(45 m/s)

I Ch. 21-4  Holt Physics Solution Manual
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Givens

35. ﬂ’l = l
KE a5 = 1.00 eV
12 = %/1
KE a2 = 4.00 eV

Solutions

work function = hf — KE, ;. = T KE,, ux
he he 2hc
7 -K max,1 = . KEmax,Z = 7 - KEmax,Z
2
he
KEmax,Z - KEmax,l = 7

h
f —4.00 eV — 1.00 eV = 3.00 eV

he
work function = r KE, 10,1 =3.00 eV —1.00 eV =|2.00 eV

36. m =0.50 kg
h,=3.0m
A=50%x10"m

h
PE =mgh,,=nhf= %C

Amgh,, (5.0 1077 m)(0.50 kg)(9.81 m/s*)(3.0 m)
n =

he (6.63 X 10734 J#5)(3.00 x 10% m/s)

n= | 3.7 % 10" photons |

37. A; =670.0 nm
A, =520.0 nm
KEmux,Z = (1-50)(KEmux,1)

he
KEmuxzhf_hﬁzz—hft
he
For wavelength A;, KE,;, ., ; = e hf,
1

h
For wavelength A,, KE,,,,, > = /l_c —hf,
2

KE,y4x,2 = (1.50)(KE, ;5. 1)

1

he hc
1—2 - hf,= (1.50)(/1— - hf,)

he _ (1.50)(ho) B
/1—2 —hf;= 7/11 (1.50)(hf;)

_(150)(ho) ke
(1.50)(hf) = hfy ===~

_(150)(he) ke
(0:50)(1f) = ===

(1500 (ho) ke
W, = (2.0)(—/11 /12)

1.50 1
1.50 1

670.0x10°m  520.0x10° m

hf, = (2.0) (6.63 X 1074 Jo5)(3.00 x 10° m/s)(

hf, = (2.0)(6.63 x 107>* J5)(3.00 x 10® m/s)(2.24 x 10° m ™' - 1.923 x 10° m™!)

(2.0)(6.63 x 1074 T25)(3.00 x 10% m/s)(0.32 x 10° m™)
- 1.60 x 10719 J/eV

t

i-[omer]
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Givens

38. m =0.200 kg
Ay =50.0m

Solutions

h
A=—
my
v =+/2gAy

h 6.63x107*7e
- s [raexio ]

maJ2gAy " (0,200 kg)+/(2)(9.81 m/s%)(50.0 m)

Atomic Physics, Standardized Test Prep

7. Es=—0544 ¢V
E,=-3.40 eV

E=E;— E,=(—-0.544 eV) — (-3.40 eV) =2.86 eV

/- E_(2.86V)(1.60x 1077 J/eV)
h 6.63 X 1074 Jos

f=16.90 x 10'* Hz

8. E;=-151eV
E,=-3.40 eV

E=E;—E,=(~1.51 eV) — (-3.40 V) = 1.89 eV

f—E— (1.89 eV)(1.60 x 107 J/eV)
“h 6.63 X 1074 Jos

f=|4.56 x 10" Hz

11. 1=4.00x10"“m
my=1.67x10">" kg

h 6.63x 107* Jos <
V= — = —> 3 =19.93 x10° m/s
mA (167 x 1072 kg)(4.00 x 10~ m)

13. f=2.80x 10'* Hz

E=hf=(6.63x107%Je5)(2.80 x 10'* Hz) = | 1.86 x 10717 ]
E=1.86x10""Jx1eV/1.60x 107 ]=|1.16eV

14. 1=3.0x10"m
hft,lithium =23¢eV
hft, iron — 3.9 eV

hft,mercury =45eV

—34 8
a E:hf:h_c: (6.63 x 107>*Jo5)(3.00 x 10® m/s) Loy
A (1.60x107127/eV)(3.0x 1077 m)

The photoelectric effect will be observed if E > hf;, which holds true for

|lithium | and | iron |

b. For lithium, KE,;,,, = E— hf, jihiym =4.1eV =23 eV =
For iron, KE,;,; = E— hfy jyop =4.1eV =39 eV =

I Ch. 21-6  Holt Physics Solution Manual
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Givens

17. v, = 4.6 X 10° m/s
A =625nm
m=9.109 x 10! kg

Solutions

he
a. hf;=hf — KE 0 = ; - %m(ymax)z

(6.63 % 1074 Jo5)(3.00 x 108 m/s)
hf, = -
625x 10 m
hf, = (3.18x 1077 ) = (9.6 x 10720 ]) =22.2x 1072

—20

222x10727
hf,=—"2T 1 —1139eV
Ji 1.60 x 1079 J/eV

—(0.5)(9.109 x 107! kg) (4.6 X 10° m/s)?

work function 222 x 1072
b. f;= = — L _[335%10Hy
h 6.63 X 1077% Jes

18. 1=1.0x10""'m
m=9.109x 10~ kg

h
a.l=—
my
h
v=—
Am
2 2
h h
1 2 1
KE=gmv”= Em(lm) - 22m

(6.63x 10724 Jo5)?
KE= 11 .2 31 —19
(2)(1.0x 107" m)*(9.109 x 107" kg)(1.60 x 107" J/eV)

KE=|15x10%eV (15keV) |

b. £ hf= he  (6.63x 107 J#5)(3.00 x 10° m/s)
T T (160x 1070 /eV) (1.0 x 10 m)

E=[12x10°eV (120 keV)
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Student Edition Solutions

Subatomic Physics

Subatomic Physics, Practice A

Givens Solutions
1. For 2)Ne: N=A-Z=20-10=10
Z=10

Am = Z(atomic mass of H) + Nm,, — atomic mass of Ne-20

A =20
Am =10(1.007 825 u) + 10(1.008 665 u) — 19.992 435 u

atomic mass of Ne-20 =

19.992 435 u Am =10.078 250 u + 10.086 650 u —19.992 435 u
atomic mass of H= Am =0.172 465 u
1.007 825 u
= 1008 665 0 Eping = (0.172 465 u)(931.49 MeV/u) =
For%%Ca: N=A-7Z=40-20=20

Z =20

Am = Z(atomic mass of H) + Nm,, — atomic mass of Ca-40

A =40
Am =20(1.007 825 u) +20(1.008 665 u) — 39.962 591 u

atomic mass of Ca-40 =
39.962 591 u Am =20.156 500 u +20.173 300 u — 39.962 591 u

Am =0.367 209 u

Epina = (0.367 209 u)(931.49 MeV/u) = | 342.05 MeV

2. For ’H: N=A-Z=3-1=2
zZ=1 Am = Z(atomic mass of H) + Nm,, — atomic mass of H-3
A=3 Am =1(1.007 825 u) +2(1.008 665 u) —3.016 049 u
atomic mass of H-3 = Am=1.007 825 u+2.017 330 u—3.016 049 u
3.016 049 u

Am =0.009 106 u
atomic mass of H=

1007 825 1 Epina = (0.009 106 u)(931.49 MeV/u) = 8.482 MeV

m, =1.008 665 u

For 3He: N=A-Z=3-2=1
Z=2 Am = Z(atomic mass of H) + Nm,, — atomic mass of He-3
A=3 Am =2(1.007 825 u) + 1(1.008 665 u) — 3.016 029 u
atomic mass of He-3 = Am =2.015650 u+ 1.008 665 u—3.016 029 u
3.016 029 u

Am =0.008 286 u
Epina= (0.008 286 u)(931.49 MeV/u) = 7.718 MeV

The difference in binding energy is 8.482 MeV — 7.718 MeV = | 0.764 MeV |.

Section One—Student Edition Solutions 1 Ch. 22-1
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3. atomic mass of Ca-43 =

42.958 767 u
m,=1.008 665 u

atomic mass of Ca-42 =
41.958 618 u

Solutions

Am = Myupound = Mpound

Am = (atomic mass of Ca-42 + m,,) — (atomic mass of Ca-43)
Am =41.958 618 u+ 1.008 665 u—42.958 767 u
Am =0.008 516 u

Ejp;nq of the last neutron = (0.008 516 u)(931.49 MeV/u) = | 7.933 MeV

. For 23§U:
Z=92
A =238

atomic mass of U-238 =
238.050 784 u

atomic mass of H=
1.007 825 u

m,; =1.008 665 u

N=A—-7=238-92=146

Am = Z(atomic mass of H) + Nm,, — atomic mass of U-238
Am =92(1.007 825 u) + 146(1.008 665 u) — 238.050 784 u
Am =92.719 900 u+ 147.265 090 u — 238.050 784 u

Am =1.934206 u

Epind  Epina _ (1.934206 u)(931.49 MeV/u)

nucleon A 238

=7.5701 MeV/nucleon

Subatomic Physics, Section 1 Review

I Ch. 22-2

6. atomic mass of H=

1.007 825 u
m,, =1.008 665 u
For Z?Nb:

Z =41

A=93

atomic mass of Nb-93 =
92.906 376 u

For l%Au:

Z=79
A =197

atomic mass of Au-197 =
196.996 543 u

For 15 Al:
Z=13
A =27

atomic mass of Al-27 =
26.981 534 u

a. N=A—-7=93-41=52
Am = Z(atomic mass of H) + Nm,, — atomic mass of Nb-93
Am =41(1.007 825 u) + 52(1.008 665 u) — 92.906 376 u
Am =41.320 825 u+ 52.450 580 u—92.906 376 u
Am =0.865029 u

Eping = (0.865 029 u)(931.49 MeV/u) = | 805.77 MeV

b. N=A-72=197-79=118
Am = Z(atomic mass of H) + Nm,, — atomic mass of Au-197
Am =79(1.007 825 u) + 118(1.008 665 u) — 196.966 543 u
Am =79.618 175 u+ 119.022 470 u — 196.966 543 u
Am =1.674102 u

Epina= (1.674 102 1)(931.49 MeV/u) = | 1559.4 MeV

c. N=A-7Z=27-13=14
Am = Z(atomic mass of H) + Nm,, — atomic mass of Al-27
Am =13(1.007 825 u) + 14(1.008 665 u) — 26.981 534 u
Am =13.101 725 u + 14.121 310 u — 26.981 534 u
Am =0.241501u

Epina= (0.241 501 u)(931.49 MeV/u) = | 224.96 MeV

Holt Physics Solution Manual
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Givens

8. For %%Na:
Z=11
A=23

atomic mass of Na-23 =
22.989 767 u

atomic mass of H =
1.007 825 u

m,, =1.008 665 u

For %;Mg:
Z=12
A=23

atomic mass of Mg-23 =
22.994 124 u

Solutions

N=A-Z=23-11=12

Am = Z(atomic mass of H) + Nm,, — atomic mass of Na-23
Am =11(1.007 825 u) + 12(1.008 665 u) — 22.989 767 u
Am =11.086 08 u+ 12.103 98 u—22.989 767 u

Am =0.20029 u
Ep.: E;: 0.200 29 u)(931.49 MeV/u
bind  _ Zbind _ ( X ) =8.1117 MeV/nucleon
nucleon A 23

N=A-7Z=23-12=11
Am = Z(atomic mass of H) + Nm,, — atomic mass of Mg-23
Am =12(1.007 825 u) + 11(1.008 665 u) — 22.994 124 u
Am =12.093900 u+ 11.095 315 u—22.994 124 u
Am =0.195091 u

Epind  Eping _ (0.195091 u)(931.49 MeV/u)

=7.9011 MeV/nucleon
nucleon A 23

The difference in binding energy per nucleon is

8.1117 MeV —7.9011 MeV =|0.2106 MeV |.

Subatomic Physics, Practice B

1.2 52+ ety

A=12-0=12
Z =5—(—1) =6, which is carbon, C

2. 22Bi > 2+ %He

A=212-4=208
Z =83 —2 =81, which is thallium, Tl

o= 0TI

3.2 UN+ let+y

A=14+0=14
Z =7+ (1) =6, which is carbon, C

4. 25 Ac— 2 Fr+2

A=225-221=4
Z =89 — 87 =2, which is helium, He

5. Nickel-63 decays by 8~ to
copper-63.

[~ decay involves an electron and an antineutrino.

Ni— SaCu+ Je+v

Section One—Student Edition Solutions 1 Ch. 22-3
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6. 55Fe — 35Co +7 a. A=56-56=0

Z=26—-27=-1

= _?e, so the decay is

b. B~ decay involves an electron and an antineutrino.

ggFe - iécO +_(fe +7|

Subatomic Physics, Practice C

1. T),=164x 10 0.693  0.693
12 ’ A=—— — = [423x10%s7!
Ty,  164x10°s

N=2.0x10°
o (4.23x10° s (2.0x 10%) ,
activity = AN = 371005 G =[0.23 Ci

2. T,,=19.7 min 0.693 0.693 g
A= = : — = [5.86%x107*s
N=20x10° Ty, (19.7 min)(60 s/min)
ity N 2 586X 10757 (2.0 x 10%) 105G
activity = AN = o=
ity 3.7%x 10" s7/Ci

3. Ty, =8.07 days 1= 0.693 0.693

N=25x%10'0 Ty, (8.07 days)(24 h/day)(3600 s/h)

A=19.94%107s7"
(9.94x 1077 s (2.5 % 10'9) —
activity = AN = 37100 TG =16.7x10"" Ci
. S 1

4. m=100x10"g mp 025x10°g 1
t=2.0h m;  1.00x107°g 4
mp=0.25x 107°g 2% i:%, so we know that 2 half-lives have passed in 2.0 h.
20h
Ty,=——=|10h
2
. =3. 12d
3. Te=3.82 days a. =T ;YS ~ 3 half-lives
— 8 . ays
N=4.0x10 o1 ly_l
2% 2%37%
1 8 7
5(40x10%)=|5.0%x 10" atoms

b. Ndecuyed =N- Nremaining

Niecayea= 4.0 X 10 atoms — 5.0 x 10” atoms

Ndecayed =| 3.5% 10% atoms

I Ch. 22-4  Holt Physics Solution Manual
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Subatomic Physics, Section 2 Review

Givens Solutions

2. 233Th — 2 + jHe a. A=232-4=228
Z =90 — 2 =88, which is radium, Ra

?=|%iRa

2B 524 Ye+v b. A=12-0=12
Z =5—(—1) =6, which is carbon, C

r=|12C

? = JHe+ 'g3Nd C. A=4+145=149

7 =2+ 60 =62, which is samarium, Sm

?=|1g3Sm

3. N =5.3x 10° nuclei oo activity (1 decay/4.2 h)(1 h/3600 s)
T B 53%10°

N
A=[12x10""s7"!

0.693 0.693 )
b. T,,= = =|5.8%x10"s
1=~ = e
or (5.8 X 10° s)(1 h/3600 s)(1 day/24 h)(1 year/365.25 days) = | 180 years

4. T, =5715 years The *C has been reduced by 0.125 = % = G)S = 3 half-lives. Thus, the age of the site is

1€ = (0.125)(original *C) 3T, = (3)(5715 years) = .

activity = 1 decay/4.2 h

Subatomic Physics, Chapter Review

7. For '2C: N=A-Z=12-6=6
7=6 Am = Z(atomic mass of H) + Nm,, — atomic mass of C-12
Am =6(1.007 825 u) + 6(1.008 665 u) — 12.000 000 u
Am =6.046 950 u + 6.051 990 u — 12.000 000 u
Am =0.098 940 u

12.000 000 u
Eping= (0.098 940 u)(931.49 MeV/u) = | 92.162 MeV

atomic mass of H=
1.007 825 u

A=12

atomic mass of C-12 =

m, =1.008 665 u

8.For?H: N=A-Z=3-1=2
Z=1 Am = Z(atomic mass of H) + Nm,, — atomic mass of H-3
A=3 Am =1(1.007 825 u) +2(1.008 665 u) —3.016 049 u
atomic mass of H-3 = Am =1.007 825 u+2.017 330 u—3.016 049 u
3.016 049 u

Am =0.009 106 u

atomic mass of H =
007 §25 0 Eping = (0.009 106 1)(931.49 MeV/u) = | 8.482 MeV

m,, =1.008 625 u
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For gHe:
Z=2
A=3

atomic mass of He-3 =
3.016 029 u

Solutions

N=A-Z=3-2=1

Am = Z(atomic mass of H) + Nm,, — atomic mass of He-3
Am =2(1.007 825 u) + 1(1.008 665 u) —3.016 029 u

Am =2.015650 u+ 1.008 665u—3.016 029 u

Am =0.008 286 u

Eping = (0.008 286 1)(931.49 MeV/u) = | 7.718 MeV

. For %%Mg:

Z=12
A=24

atomic mass of Mg-24 =
23.985042u

atomic mass of H=
1.007 825 u

m,, =1.008 665 u

For §3sz
Z =37
A =85

atomic mass of Rb-85 =

N=A-7=24-12=12

Am = Z(atomic mass of H) + Nm,, — atomic mass of Mg-24
Am = 12(1.007 825 1) + 12(1.008 665 1) — 23.985 042 u
Am =12.093 900 u+ 12.103 980 u — 23.985 042 u

Am =0.212838u

By, Ey; 212 149 M
bind__ Epind _ (0.212 838 u)(931.49 MeV/u) _ ™) (0o v cleon

nucleon A 24

N=A-Z=85-37=48

Am = Z(atomic mass of H) + Nm,, — atomic mass of Rb-85
Am =37(1.007 825 u) + 48(1.008 665 u) — 84.911 793 u
Am =37.289 525 u+48.415920 u—84.911793 u

Am =0.793 652 u

84.911 793 u
Ey; Ey; 0.793 652 1)(931.49 MeV/u
bind _ “bind _ ( X ) =8.6974 MeV/nucleon
nucleon A 85
20. [Li+5He — 2+ §n A=7+4-1=10

7 =3+ 2 =5, which is Boron, B

_ |10

21.

+UNSIH+ Y0

JLi+H—4He+?

a. A=1+17—-14=4
Z =1+ 8 —7=2,which is helium, He

b.A=7+1-4=4
7 =3+ 1-2=2,which is helium, He

4

22,

I Ch. 22-6

T/, =2.42 min
N=1.67x10"

0.693 0.693

A= = . = 4.77x1073 7!
Tip  (2.42min)(60.0 s/min)

- (4.77x 107 s71)(1.67 x 10" g
activity = AN = 37 x 100 s UG =|22x107°Ci

Holt Physics Solution Manual
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Givens Solutions
23. T, =140 days 1 1\4
2 i —= —) , 50 4 half-lives have passed.
1 16 |2
Nf = ENl
AT,/ = (4)(140 days) =
24. '4C = (0.0625)(original '¢C)

T/, = 5715 years

1 X
(—) =0.0625
2

x =4, 50 4 half-lives have passed.

4T;,, = (4)(5715 years) = | 22 860 years

32.

Y Al+4He 2 43%p

a. A=27+4-30=1
Z=134+2-15=0

33.

rg=053%x10""m
Pruclear = 2.3 X 1017 kg/m3
myy = m, =1.673x 10 kg

my my

4 3
Patomic — VH 3”(rH) 3mH

- 3
Pruclear  Prnuclear Pruclear 47(rp) Phruclear

Patomic (3)(1.673 x 10" kg) =,
= =1.2x10
Prucear  (47)(0.53 x 1071 m)3(2.3 x 107 kg/m?)

34.

m=1.99x10"" kg
p=23%x10" kg/m®

m=Vp =§7rr3p

1/3 30 1/3
3m (3)(1.99 x 10°° kg) -
=|— = =[1.3x10
' (471'/)) ((4)(7r)(2.3><1017kg/m3))

35.

atomic mass of H=
1.007 825 u

m,, =1.008 665 u

atomic mass of O-15=
15.003 065 u

For lgO:
Z=8
A=15

atomic mass of N-15 =
15.000 108 u

For 1;N:
zZ=7
A=15

N=A-Z=15-8=7

Am = Z(atomic mass of H) + Nm,, — atomic mass of O-15
Am = 8(1.007 825 u) + 7(1.008 665 u) — 15.003 065 u

Am =8.062 600 u + 7.060 655 u— 15.003 065 u

Am =0.120 190 u

Eping = (0.120 190 u)(931.49 MeV/u) = 111.96 MeV

N=A-Z=15-7=8

Am = Z(atomic mass of H) + Nm,, — atomic mass of N-15
Am =7(1.007 825 u) + 8(1.008 665 u) — 15.000 108 u

Am =7.054 775 u+ 8.069 320 u — 15.000 108 u

Am =0.123987 u

Eping = (0.123 987 1)(931.49 MeV/u) = 115.49 MeV

The difference in binding energy is 115.49 MeV — 111.96 MeV = | 3.53 MeV |.

Section One—Student Edition Solutions 1 Ch. 22-7



Givens

36.

N=7.96x 10'° atoms

T/, = 5715 years

Solutions

0.693 0.693
a. 1= =

A=2.31x10"" min~!

AN=(2.31x 107" min™")(7.96 x 10'%) = | 18.4 decays/min

Ti - (5715 years)(365.25 days/year)(24 h/day) (60 min/h)

37.

(1)n+ 1%Au—>?+,?e +v

atomic mass of Au-197 =
196.966 543 u

atomic mass of Hg-198 =
197.966 743 u

m,, =1.008 665 u

a. A=197+1=198
Z =79 — (-1) = 80, which is mercury, Hg

198
¢="goHg

(1)71 + 1%Au - 128Hg + _(l)e +v

b. Am = myup0und — Mbound

Am = (atomic mass of Au-197 + m,;) — (atomic mass of Hg-198)

Am =196.966 543 u+ 1.008 665 u—197.966 743 u
Am =0.008 465 u

E =1(0.008 465 u1)(931.49 MeV/u) = | 7.885 MeV

38.

140xe and **Sr are released
as fission fragments.

13251 and '°'Mo are re-
leased as fission fragments.

a. ®u+ (1)n — 10y 4 g 42

A=235+1-(140+94) =2
b. U+ in — ¥2sn+ 1""Mo + 2
A=235+1-(132+101)=3

= 3(1)11

39.

SLi+1p > 3He+?

A=6+1—-4=3
Z =3+ 1—2=2,which is helium, He

40.

12B+§He%%p+?

A=10+4-1=13
Z =5+2—1=6,which is carbon, C

_ 113

41.

P =2.0x 10> kW eh/month

conversion efficiency =
100.0%

E =208 MeV/fission event

At =1 year

E=PAt = (N)(208 MeV)
PAt (2.0 x 10° Weh/month)(12 months)(3600 s/h)

N= = 6 —19
208 MeV (208 x 10°eV)(1.60 x 1077 J/eV)

N=2.6x10% atoms

42.

I Ch. 22-8

Bo+1p—18F+72

A=18+1-18=1
Z=8+1-9=0

= (l)n
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43. 2 3He — nucleus A + a. A=2(4)=8
Z =2(2) =4, which is beryllium, Be

nucleus A =

2Be+§He—>nucleusB+}/ b. A=8+4=12

7 =4+ 2 =6, which is carbon, C

nucleus B = léC

44. N =240.0 mCi 0693 _ 0.693
T,, = 14 days Ty, (14 days)(24 h/day)(3600 s/h)

A=57x10"s"

N AN (240.0 x 107 Ci)(3.7 x 10" s7Y/Ci)
A 57%x107 57!

N=|1.6x10'" nuclei

45. activity = 5.0 pCi 4 activity _ (5.0 107° Ci)(3.7 x 10'° s71/Ci) e 105!
= = =1. S
N=10x10’ N 10 10°
0.693
Ty =
1/2 2

0.693 3
T]/Z ZW =3.8%x10"s

46. m

tot = 1 N=
(9.1x10"" kg)(0.0070) atomic mass

Myot

atomic mass of U-235 =

3.9%10 kg E = N(208 MeV)

P=7.0%10"J/s _E_ NQ08MeV) _ (myy,)(208 MeV)

At = :
P P (atomic mass)(P)

E =208 MeV/fission event
(9.1 x 10" kg)(0.0070)(208 x 10° eV)(1.60 x 1077 J/eV)

(3.9 x 1072° kg)(7.0 x 10'2 J/s)

At=|7.8x10"0s
or (7.8 x 101 5)(1 h/3600 s)(1 d/24 h)(1 year/365.25 d) = | 2500 years

47. E =208 MeV/fission event E,,; = PAt = N(208 MeV)
P=100.0 W N PAt_ (100.0 W)(10h)(3600 s/h)
At=1.0h 208 MeV (208 x 10° eV)(1.60 x 1077 J/eV)

N=|1.1x 10" fission events
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48. P=1.0x10° MW E= PAt = (N)(208 MeV)(0.300)
PAt (1.0 x 10° W) (24 h)(3600 s/h)

E =208 MeV/fission event — _
(208 MeV)(0.300) (208 x 106 eV)(1.60 x 1072 J/eV)(0.300)

conversion efficiency =

0,
30.0% N=18.7x10** atoms

At=24h

Subatomic Physics, Standardized Test Prep

—27
2. m=1.66x10""kg Eg=mc? = (1.66 x 10" kg)(3.00 x 10% m/s)* = | 1.49 x 10710 ]
¢=3.00 x 10% m/s

5. JHe+3Be — 'eC+X A=4+9-12=1
Z=2+4-6=0

7. age of the material = 23 000 years
23 000 years 5715 years

=~ 4.0 half-lives

T/, =5715 years

1 4
—| =0.0625
2

Approximately 6% of the material remains, hence about 100% — 6% = of the
material has decayed.

8. T;,=5.76 0.693 0.693
12 years A= = . =[3.81x1075"!
N=2.0x10° Tip  (5.76 years)(3.156 X 10” s/year)
it AN (3.81x 1077 s (2.0x 10%) TG
acviy 3.7x 100 s7/Ci !

15. Ln+2 = *He +Li A=4+7-1=10

Z =2+ 3 —0=5,which is boron, B

=12
16. T}/, =432 years It takes 10 half-lives to reach 0.1% of its original activity.
Total length of time to reach 0.1% is (432 years)(10) = | 4320 years
17. Z=26 a. N=A-7Z=56-26=30
A=56 Am = Z(atomic mass of H) + Nm,, — atomic mass of Fe-56
atomic mass of Fe-56 = Am =26(1.007 825 u) + 30(1.008 665 u) — 55.934 940 u

35934940 u Am =26.203 450 u + 30.259 950 u —55.934 940 u

atomic mass of H = B -
1.007 825 u Am =|0.528 460 u

m,, _ 1.008 665 u b. Ej;,q= (0.528 460 u)(931.49 MeV/u)

Ebind: 492.26 MeV

I Ch. 22-10 Holt Physics Solution Manual
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18. m of U-238 =238.050 784 u
m of Th-234 =234.043 593 u
m of He-4 =4.002 602 u

Solutions

AM = Myupound — Mpound

Am = (m of U-238) — (m of Th-234 + m of He-4)
Am =238.050 784 u — (234.043 593 u + 4.002 602 u)
Am =0.004 589 u

E =1(0.004 589 u)(931.49 MeV/u) = | 4.275 MeV
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Appendix |
Additional Problems

The Science of Physics

Givens Solutions

1m

1. depth = 1.168 X 10> cm depth =1.168 x 10° cm x =[1.168x10' m=11.68 m
P P 102
cm

2. area=1 acre
=4.0469 x 10°> m?

3 2 lkm 2
area =1 acre =4.0469 X 10° m” X

10° m

1 km? -
area =4.0469 X 10° m” x— e =|4.0469 x 107 km? |
m

3

3. Volume = 6.4 x 10* cm® 43 Im \} 4, 3 Im - 3
volume =6.4 X 10" cm x(102 ) =6.4x 10" cm XF: 6.4%x10 " m
cm

cm

4. mass=6.0x 10’ k 10°g 1
! 8 mass = 6.0 x 10° kg x —2 x —=8-=[ 6.0 x 10° mg
lkg 10°7¢g

5. time=6.7x 10" s , 17 (107 ps —
time =6.7x10 " s X T =16.7%x10 "~ ps

S

Motion In One Dimension

6. Ax=15.0 km west _Ax 15.0 km _ 150km 5 m/h
At=153s Va,/g—E = Thy " 25x10°0 3.53 x 10° km/h west
(15.3 8)[—— )
3600 s
7. v=2389.5 km/h north Ax =0 At= V(AL = Atypgy)
Vayg=77.8 km/h north AH(Vgyg— V) = —VAteg

Atypp=22.0 min

1h
(89.5 km/h)(22.0 min)( , )
Af= VAL 60 min

V= Vayg 89.5 km/h — 77.8 km/h

Ar={2.80h=2h, 48 min|

8. Ax=1220k 2A 2)(1220 k 2440 k
X m As= X _ 2)( m) _ m _
v; =11.1 km/s vi+vp 1l1km/s+11.7km/s  22.8 km/s
vp=117 km/s
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9. 1;=4.0m/s 2Ax (2)(135m)
Vp=———v;=————4.0m/s=15m/s—4.0 m/s=| 11 m/s
t=18s
_ 3600 1 km
Ax=135m vp= (1 mfs)| | (=
1h 10" m

vp=|4.0% 10" km/h

10. v;=7.0 km/h

1h \2/10° m\2
34.5 km/h)? - (7.0 km/h)?
2 M m/h)" = (7.0 km )]<36005)(1km>

vp=34.5km/h sz ]
a= =
Ax=95m 2Ax (2)(95m)
1h \2/10°m)2
(1190 km*h? — 49 km*/h%) —— m
B 3600 s 1 km
“= 190 m

(1140 kmz/hz)(—

1h )2(103111)2
3600 s 1 km
a= =10.46 m/s’
o

11. Ax=4.0m Ax 4.0m

At=5.0 min Vavg= ‘At - . 1h = [48 m/h

(5.0 min) -
60 min

12. At=28s V= aAt+ ;= (0.035 m/s>)(28.0 ) + 0.76 m/s = 0.98 m/s +0.76 m/s = [ 1.74 m/s

a=0.035 m/s*

v;=0.76 m/s

1

13. Aty =5.10s Atyyy= Vi A by + EaAt,o,z

a=-9.81 m/s>

Because Ax;,, =0,

Axp;=0m 1 1 2
v;=— EaAth - E(—9.81 m/s”)(5.10 s) =+25.0 m/s = | 25.0 m/s upward

14. a,,,=—0.870 m/s’ Aty
Aavg A
At=3.80s ¢

AUy = agyeAt = (=0.870 m/s*)(3.80 s) = | -3.31 m/s

15. Ax=55.0m 2Ax (2)(55.0 m)
V= —— —vf=————"—432m/s=88.0 m/s —43.2 m/s = | 44.8 m/s
At=125s a7 15
vy=43.2m/s

16. Ax=124 d 2A 2)(12.4
~ fmupwar Because v;=0m/s, a :A_tj:: % ={6.2m/s upward
0s

At=2.0s

v;=0m/s

V Apx I-2 Holt Physics Solution Manual
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17. Ax=+42.0 1h \2/10° m\2
* m ., lOkm/m)?- (1530 km/h)2]( ) ( m)
v;=+153.0 km/h - vf v 3600 s 1 km
=0 ki 2Ax (2) (12.0m)
1h \2/10°m\2
—(2.34 x 10* km2/h2)<3600 ) (Tm>
S m
_ _|_ 2
a= (84.0 m) =
1

18. v;=17.5m/s szz(z/,-+1/f)At

v/=0.0 m/s At 3.60

! Atygp=—t=22"0 1805
Atypy=3.60's 2
1
Ax=_(17.5mls +0.0 m/s)(180) =
1 1

19. At=5.50s szz(v,-+ Z/f)AtZE(O.O m/s +14.0 m/s)(5.50 s) =

v;=0.0 m/s

V= 14.0 m/s
20. v=6.50 m/s downward

=—6.50 m/s
At=34.0s

Ax=vAt=(—6.50 m/s)(34.0 s) = | —221 m = 221 m downward

21.

vy=10.0 cm/s

v, =20v,=2.00 X 10% cm/s
Atrgee= Aty

At = At,—2.00 min

Ax;=Axp+20.0 cm = Axpg0e

Axy=vAt,

Axp, = vpAty, = vy, (At,— 2.00 min)
Axy= Axpye= Axp +20.0 cm

vy Aty = vy, (At;— 2.00 min) + 20.0 cm

Aty (v,— vp) = =13, (2.00 min) + 20.0 cm

20.0 cm — 14, (2.00 min
At= n ( )

Vp=vp

At = Af= 20.0 cm — (2.00 x 10° cm/s)(2.00 min)(60 s/min)
race ! 10.0 cm/s — 2.00 x 10% cm/s

AL = 200 cm—240x10*cm _ —240x10%cm
e 190x10%ecm/s  —1.90% 10 cm/s

22.

Axpgee= Ax;
v,=10.0 cm/s

At,=126s

Axypee = Ax, = vAt;= (10.0 cm/s) (126 s) = | 1.26 X 10* cm = 12.6 m

23.

v;=12.5m/s up,
v;=+12.5m/s

vy=0 m/s

a=9.81 m/s’ down,
a=-9.81m/s>

vp=v;+ aAt

vr—v;  0m/s—12.5m/s -
At= = = -1.27 s
—-9.81 m/s*

a
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24. At=0.910s
Ax=17.19 km

v;=0km/s

Solutions

2Ax (2)(7.19 km)
Vf:Tt—I/i: W—Okm/s:

25. a=3.0 m/s°

vf =v;+ aAt

= 55.0 k 1k 3600
frmals vi=vy— aht= ( m) ~(3.0 m/s?)(4.1 s)(—m>< S)
vp=55.0 km/h h 1000m /\ 1h

v;=55.0 km/h — 44 km/h =
26. At=15 1h \/10°
© ° (32.0 km/h — 2.8 km/h)( )( m)
v;=2.8 km/h o= VTV _ 3600 s/\ km
vy =32.0 km/h = L5s

(29.2 krn/h)(—

1h )(103 m)
3600s)\ 1 km >

27. a=4.88 m/s®
Ax=183m

v;=0m/s

Because v;=0 m/s,

_ fpAx_ [@)(83m)
ar= a (4.88m/sz)_

28. 4,,,=165m/s’
v;=0km/h
vy=386.0 km/h

3600 s/\ 1 km
16.5 m/s?

1h \/10°
(386.0 km/h—Okm/h)( )( 0 m)
Av v

At=
Aayg Aayg

107.2 m/s
At=——=1[6.50s
16.5 m/s’

29. v;=50.0 km/h forward
=+450.0 km/h

vp=0 km/h

a=9.20 m/s> backward
=-9.20 m/s’

3
22 [(Okm/h)z—(SO.Okm/h)Z]( Lh )2(10 m>z

Ap= ATV 3600s) \ 1km
2a (2)(=9.20 m/s?)
1h \2/10° m\2
~(2.50 x 10° km*/h?)[——— o
Ax= 3600s/ \ 1km
—18.4 m/s*

Ax=10.5m=|10.5 m forward

30. v;=—-4.0m/s
Ag=—0.27 m/s’

At=17s

V= agye At +v;

vp=(=0.27 m/s*)(17 s) + (—4.0 m/s) =—4.6 m/s — 4.0 m/s =

31. v;=+4.42m/s
vp= 0 m/s
a=-0.75 m/s>

ve—v;  0m/s—4.42 m/s —4.42 m/s

a —-0.75m/s>  —0.75m/s>

V Apx I-4 Holt Physics Solution Manual
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32. v;=4.42m/s Ax= Z/iAt+5aAt2 =(4.42m/s)(5.95s) +5(—0.75 m/sz)(5.9 s)2

a=-0.75 m/s>

Ax=26m—-13m=|13m

As=s9s 3m]

33. v;=25m/s west 2Ax 2)(250 m 50x10°m
i wi Af= __ QX ) _ m
vp=35m/s west vitvp  25m/s+35m/s  6.0x 10" m/s

Ax=250 m west

34. a=-7.6x 107 m/s> vi= v~ aAt=0.0 m/s — (7.6 X 107> m/s>)(82.05) =

Ax=255m
At=82.0s
;=45 Av vr—v; 10.8 m/s — 4.5 m/s 6.3 m/s
35. y; m/s A= B Vi _ > _ 2:
Aayg Aayg 0.85 m/s 0.85m/s
vf= 10.8 m/s

Agyg=0.85 m/s

36. 1;,=0.0m/s A 1/f2 - 1/1'2 (—49.5 m/s)2 - (0.0 m/s)2 2.45 % 10° m?/s*
xX= = 5 = 5
vp=—49.5 m/s 2a 2(—9.81 m/s%) —19.6 m/s
a=-9.81 m/s> Ax= |—125 m or 125 m downward |
1h \/10°
37. ;= +320 km/h (0 km/h — 320 km/h) ) o
A v 3600 s/\ 1 km
vy=0km/h TN A 0.18's
At=0.18s 89 m/s
_ - _[- 2
am/g_—O.IS T 490 m/s

38. a=7.56 m/s> vp =Jv + 2aAx=+/(0 m/s)? + (2)(7.56 m/s?)(19.0 m)
Ax=190m v =4/287 m’/s’ =+16.9 m/s =| 16.9 m/s
v;=0m/s

1
39. v;=85.1 m/s upward Because Ax=0m, v; At+ —aAt?>=0
=+85.1 m/s 2
=— 2 2u; 2)(85.1
a=-9.81 m/s Af= — i (2)( m/zs) (1735
Ax=0m a (—9.81 m/s“)

40. v;=13.7 m/s forward Av  v— (—11.5m/s) — (13.7m/s) —25.2m/s
_ a = — = = =
=+13.7m/s WA At 0.021 s 0.021's
vp=11.5m/s backward _[- 2 2
2 15 ms Qayg 1200 m/s”, or 1200 m/s” backward
At=0.021s

41. v;=1.8m/s N 1/f2 - 1/i2 (9.4 m/s)2 - (1.8 m/s)2 88 m>/s* — 3.2 m%/s

X = = =
vp=9.4 mls 2a (2)(6.1 m/s%) (2)(6.1 m/s%)
a=6.1m/s> 85 m>/s>
Ax =—— =|7.0m
(2)(6.1 m/s%) -
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42, y;=0m/s Because v;=0 m/s, Ax:EaAtz :5(—9.81 m/sz)(Z.O 5)2 =-20x10'm
At=2.0s

9.81 m/s? distance of bag below balloon =
a=-9.81 m/s

43. a=0.678 m/s’ V=1 - 2ahx=1/(8.33 m/s)> — (2)(0.678 m/s?)(46.3 m)
vp=8.33m/s v;=4/69.4 m?/s? — 62.8 m2/s> = 4/6.6 m*/s* = +2.6 m/s =
Ax=46.3m

44, v;=7.5m/s vp =v;+ alt
vy=0.0 m/s v —v;  0.0m/s—7.5m/s

At = = =10.76 s
a=-9.81 m/s* @ =981 m/s”
45. .- 2_ 2 _ 2 2 _ 2,2
. 7;=0.0m/s v =v{ +2aAx= (0.0 m/s)“ + 2(=3.70 m/s“)(—17.6m) = 130 m“/s
2
=-3.70
a4 m/s vp= \/130 m?/s® =| 11.4 m/s down
Ax=-17.6 m

Two-Dimensional Motion and Vectors

46. d=599m d2=Ax2+Ay2

Ay=89m north Ax=1Jd? = Ay? = /(599 m)? = (89 m)? =1/3.59 X 10° m> — 7.9 x 10° m’
Ax=4/3.51x10° m?

47. d=599 m A 89
o=sin” (_y) sin” (_m)
Ay =89 m north d 599 m

6= 8.5 ° north of east

V Apx I-6 Holt Physics Solution Manual
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48. d=478 km 2= A2+ Ay

Ay=42km,south=—42km  y,_ JZ A2 (478 km)? - (—42 km)? 12.28 X 10° ki — 1.8 x 10° km?

Ax=+/2.26 X 10° km? = —475 km
Ax =475 km, west

49. d=478 km - (Ay) - (-42 km)
O=sin 7 =sin

Ay =42 km, south =—42 km 478 km
6=5.0° south of west
50. d=7400 km d=Ax’=Ay
6=26° south of west Ax=1Jd> = Ay? = /(7400 km)? — (<3200 km)? = /5.5 x 10" km? — 1.0 x 10” km’
Ay =3200 km, south = _ ﬁ _
~3200 km Ax=4/4.5% 10" km” =-6700 km
Ax=1{6700 km, west
51. d=5.3km Ay =d(sin 6) = (5.3 km)(sin 8.4°)
6=8.4° above horizontal Ay=0.77 km =770 m

| the mountain’s height =770 m|

52. d=113m Ax =d(cos 6) = (113 m)(cos 82.4°)

0= 82.4° above the | Ax=14.9 m, south |
horizontal south

53. v=55km/h v, =v(sin ) = (55 km/h)[sin(-37°)]

0=37° below the horizontal v,=-33 km/h = | 33 km/h, downward
=-37°

Section One—Student Edition Solutions V Apx I-7



Givens

54. d;=55km
6; =37 north of east
d,=66 km
6,=10.0° (due east)

Solutions

Ax;=d;(cos 0;) = (55 km)(cos 37°) = 44 km
Ay;=d,(sin 0;) = (55 km)(sin 37°) = 33 km
Ax, = dy(cos 8,) = (66 km)(cos 0.0°) = 66 km
Ay, = d,(sin 6,) = (66 km)(sin 0.0°) =0 km
Axor=Ax;+ Ax, =44 km + 66 km = 110 km

Ayior=Ay; + Ay,=33 km + 0 km =33 km

d=1/(Ax)® + (Ayso)* =4/(110 km)? + (33 km)?

=/1.21 x 10" km? + 1.1 x 10° km?= 4/1.32 x 10 km?

O=tan"! % =tan"! 33 km
Xiot 110 km

6= |17° north of east

55. d;=4.1km
6;=180° (due west)
d,=17.3km
6,=90.0° (due north)
d;=12km

65 =24.6° west of north
=90.0° +24.6° = 114.6°

Ax;=d;(cos A;) = (4.1 km)(cos 180°) =—4.1 km
Ay;=d;(sin 6;) = (4.1 km)(sin 180°) = 0 km

Ax, =dy(cos 6,) = (17.3 km)(cos 90.0°) = 0 km
Ay, =dy(sin 6,) = (17.3 km)(sin 90.0°) = 17.3 km
Axz = ds(cos 63) = (1.2 km)(cos 114.6°) =—0.42 km

Ays=d;(sin 05) = (1.2 km)(sin 114.6°) = 1.1 km

Axpor = Ax;+ Axy + Axz=—4.1 km + 0 km + (—0.42 km) =—4.5 km

Ayr=Ay;+ Ay + Ay;=0km+17.3km + 1.1 km = 18.4 km

d=J(Axso)? + (Ayyep)? = /(=45 km)? + (18.4 km)?

= /2.0 10" km? + 339 km? = /359 km?

d=118.9 km
A 18.4 km

0= tan™ | 2210t | = tap~! =-76° = | 76° north of west
A —4.5 km

Xtot

56. Ax=125m
v,=90.0 m/s

Ax=v.At
Ax (125m)
=—= =[1.39s
v, (90 m/s)
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Givens

57. v,=10.0 cm/s
Ax=18.6 cm

g=9.81 m/s?

Solutions

Ax
At=="
Z/x
Ayz—%gAtz
Ay=-1 axf’ 19,81 m/s?)| o ’ 17.0
=—-g|l—| ==5(9.81 m/s")|——| =-17.0m
Y= » 2 10.0 cm/s

| squirrel’s height =17.0 m |

58. ;=250 m/s
6=135°
g=9.81 m/s>

At the maximum height
vyr= vyi— §Ar=0
vy, = vi(sin 6) = gAt

vi(sin €) (250 m/s)(sin35°)

g 9.81 m/s’

At=| 15s

59. v;=23.1m/s
AYpax=16.9 m
¢=9.81 m/s?

V),,fz - 1/),,,-2 =-2gAy

At maximum height, v,

Vyi = vi(sin 0) = 280V jax
i _I(VZgAym) [ @81 69 m) |
=S§In || =SsIn

vi | 23.1m/s |

60. vy, = 58.0 km/h, forward
=+58.0 km/h

Vye = 55.0 km/h, backward
=-55.0 km/h

Vbe = Vpw + Vwe =+ 58.0 km/h + (=55.0 km/h) = +3.0 km/h
. Ax  l4km

Ve 3.0 km/h

At=10.47 h=28 min

61. vy =286 km/h, forward
Ve =252 km/h, forward

Vi2t V2e =Vpe

Vi2=Vie — V2e

Ax=0.750 km V2= V1, — V.= 286 km/h — 252 km/h = 34 km/h
Ax 0.750 k
Ar=2X P 1072k
1/12 34km/h
3600 s
At=(22x107h =|79s
( )( lh) [75:]
62. Ax=165m d=JAx® + Ay? = /(165 m)? + (—45 m)? 4/2.72 x 10" m? + 2.0 x 10> m? = /2.92 x 10* m?
Ay=-45m d:

A —45
Otan! 'l =tan"! o
Ax 165 m

O0=-15°= | 15° below the horizontal |
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63. Ay=-13.0m

Solutions

d=+JAx?+ Ay> = /(9.0 m)? + (=13.0 m)> = /81 m” + 169 m> =/2.50 x 10> m?

Ax=9.0m d=
A -13.0
0=tan"! 4 tan”! m
Ax 9.0 m
6=-55°= | 55° below the horizontal |
64. d=2.7m Ax=d(cos 8) = (2.7 m)(cos 13°)

6= 13° from the table’s
length

Ax= | 2.6 m along the table’s length|

Ay=d(sin 6) = (2.7 m)(sin 13°)

Ay= | 0.61 m along the table’s width|

65. v=1.20m/s
0= 14.0° east of north

v,=v(sin 6) = (1.20 m/s)(sin 14.0°)

v,=[0.290 m/s, east
v

= v(cos 6) = (1.20 m/s)(cos 14.0°)

v,= 1.16 m/s, north

66. v=55.0 km/h

6=13.0° above horizontal

v, = v(sin 6) = (55.0 km/h)(sin 13.0°)

v, = | 12.4 km/h, upward |

v,=v/(cos 6) = (55.0 km/h)(cos 13.0°)

Vy= | 53.6 km/h, forward |

67. d=3.88km &= Ax> + Ay’
Ax=3.45km Ay=+Jd® = Ax? =/(3.88 km)? — (3.45 km)> =/15.1 km’ — 11.9 km® = /3.2 km’
i =0.8km Ay=1.8km
height of mountain=h=Ay+ h;=1.8 km + 0.8 km
68. d;=850m Ax; = d;(cos 6;) = (850 m)(cos 0.0°) =850 m
6;=0.0° Ay;=d,(sin 6;) = (850 m)(sin 0.0°) =0 m
;=640 m Ax; = dy(cos 0,) = (640 m)(cos 36°) =520 m
6,=36°

Ay, = d,(sin 6,) = (640 m)(sin 36°) =380 m
Axypr=Ax;+ Ax,=850 m + 520 m = 1370 m

Ayior=Ay;+Ay;=0m+ 380 m =380 m

A=/ (Axio)* + (Ayie)? = 4/(1370 m)* + (380 m)? = /1.88 X 10° m” + 1.4 x 10° m?

=4/2.02%10°m?>=1420m=|1.42x 10° m
(A _,[ 380
f=tan"" Jtot =tan"! m
Axtot 137011]

= | 16° to the side of the initial dispacement
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Givens

69. d1 =46 km

6;=15° south of east
=-15°

d2= 22 km

6,=13° east of south
=-77°

d3= 14 km

65 =14° west of south
=-90.0° — 14° =-104°

Solutions

Ax;=d;(cos 6;) = (46 km)[cos(—15°)] = 44 km
Ay;=d,(sin 6;) = (46 km)[sin(-15°)] =—12 km
Axy = dy(cos 6,) = (22 km)[cos(=77°)] =4.9 km
Ay, =dy(sin 0,) = (22 km)[sin(=77°)] =-21 km

Axz = dj(cos 63) = (14 km)[cos(—104°)] =—3.4 km

Ay;=ds(sin 63) = (14 km)[sin(-104°)] =—14 km
Axor= Ax;+ Axy+ Ax3=44 km + 4.9 km + (3.4 km) = 46 km

Ayior=Ay;+ Ay, + Ay3=—12 km + (=21 km) + (-14 km) =—47 km

d=1/(Ax)? + (Ayon)? = /(46 km)? + (=47 km)? = /2.1 x 10° km® + 2.2 x 10° km?
=,/4.3 % 10° km?

A —47 k
O=tan"! Siot) _ tan~! m =—46°
Axy; 46 km

6= |46° south of east

70. v,=9.37m/s
Ax=285.0m

¢=9.81 m/s?

Ax
At=—

’/x
Ay=—%gAt2

2 2
Ax 1 2. 85.0m

Ay=—1ol =] == 1(9.81 m/s?)|———| =—404m
7 zg( z/x) o )(9.37 m/s)

| mountain’s height = 404 m |

71. Ay=—-250x10’m

v,=1.50 m/s

g=9.81 m/s?

Ax=v,At

Ayz—%gAtz
2A
At= |22
—g .
2A 2)(=2.50x 10
Ax=v, —y=(1.50m/s) @) Vi m)
V —¢ YV —9.81mJs

72. v,=1.50 m/s
Ay=-2.50x 10> m
g=9.81 m/s?

2 2
Vyf = —2gAy+ Vyi
vy, =0m/s, so

Vg = vy =-2gAy =1/~(2)(9.81 m/s?)(~2.50 x 10> m)
vy = 70.0 m/s

v=1Jud+ 1,7 = /(150 m/s)? + (70.0 m/s) = /2.25 m?/s* + 4.90 x 10° m?/s”

=1/4.90 x 10° m*/s*
v=|70.0m/s

_ _1/1.50 m/
0=tan"! Y =tan 1|2
vy 70.0 m/s

0= | 1.23° from the vertical |
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73. 6=-30.0° Ay=v;(sin O)At—gAr?
v;=2.0m/s [£]Ar — [v(sin O)]Ar+Ay=0
Ay=—45
4 m Solving for At using the quadratic equation,
¢=9.81 m/s® ,
vi(sin 0) £ \/[—ui(sin 0)]* - 4@@}’)
At=
g
2
Ao (20m/)sin(=30.0°)] + VI(=2.0 m/s)[sin(=30.0°)]” = (2)(9.81 m/s*)(—45 m)
- 9.81 m/s*
N -1.0m/s* \/1.0 m?/s* +8.8x 10° m?%/s>  —1.0 m/s /8.8 x 10* m?/s*
= 9.81 m/s” N 9.81 m/s’
~1.0m/s 3.0 x 10" m/s
At= .
9.81 m/s
At must be positive, so the positive root must be chosen.
29 m/s
At=————=|3.0s
9.81 m/s” EX
74. v;=10.0 m/s Ax=wv,(cos O)At=(10.0 m/s)(cos 37.0°)(2.5 s)
6=37.0° Ax=]2.0Xx10"'m
At=25s Ay=vsin @)At—1gAr* = (10.0 m/s)(sin 37.0°)(2.5 5) — 5(9.81 m/s*)(2.5'5)?
g=9.81 m/s’ —15m—3lm
75. v,y =55.0 km/h, north Vae = Vaw + Vwe

Vwe =40.0 km/h at 17.0°

north of west

Uy, ge= VUx, aw T Ux, we = Ve (COS Hwe)

Uy ae=Vy,aw T Vy we=Vaw+ Vye(sin 6,,,)

6,,.= 180.0° — 17.0° = 163.0°

Uy ge=(40.0 km/h)(cos 163.0°) =—38.3 km/h

vy, qe=55.0 km/h + (40.0 km/h)(sin 163.0°) = 55.0 km/h + 11.7 km/h = 66.7 km/h

Vae =1y, a0+ (1, 4007 = /(=383 km/h)* + (66.7 km/h)?

Vge=1/1.47 X 10° km?/h? + 4.45 x 10° km?/h? = /5.92 x 10° km*/h?

0=tan"! Uyae) _ tan”! M =-60.1°
Ux,ae —38.3 km/h

0= | 60.1° west of north |
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Givens

76. v, =76.9 km/h at 29.9°

west of north

At=15.0 min

Solutions

Ax=v,(cos 6,,)At
Ay =v,,(sin 6,,)At

6,0 =90.0° +29.9° = 119.9°
Ax=(76.9 km/h)(cos 119.9°)(15.0 min)(1 h/60 min) =—9.58 km
Ay=(76.9 km/h)(sin 119.9°)(15.0 min)(1 h/60 min) = 16.7 km

Ax=| 9.58 km, west
Ay =1 16.7 km, north

77. d;=2.00x10°m

6;=0.0°
d,=3.00x 10> m
6,=3.0°
d;=2.00 x 10> m

Ax; = dj(cos 6;) = (2.00 x 10> m)(cos 0.0%) =2.0x 10> m
Ay, = d,(sin 6;) = (2.00 x 10> m)(sin 0.0°) =0 m

Ax,= dy(cos 5) = (3.00 x 10> m)(cos 3.0°) =3.0 X 10> m
Ay, = dy(sin 6,) = (3.00 x 10> m)(sin 3.0°) = 16 m

Ax; = dj(cos ;) = (2.00 x 10> m)(cos 8.8°) =2.0 X 10> m

6, = 18° north of west
180.0° — 18° =162°

d,=150 km
6,=180.0° due west
d;=470 km
63=90.0° due north
dy=240 km

6,=15° east of north
90.0° —15°=75°

0;=8.8° ‘ .
Ay;=dj(sin 63) = (2.00 X 10° m)(sin 8.8°) =31 m
AXppp = Ax; + A+ Ax;=2.0X 10 m+3.0 x 10° m + 2.0 X 10° m = 7.0 X 10> m
Ay =Ay;+ Ay, +Ay;=0m+16m+31l m=47m
d=/(Ax0)? + (Ayi)* = /(7.0 X 10° m)? + (47 m)? = /4.9 X 10° m® + 2.2 x 10° n?
=J49%10° m’
6=tan"! (%) =tan ! (747 mz )
Axyor 7.0x 10" m

0= | 3.8° above the horizontal|

78. d;=79 km Ax;=d;(cos 0;) = (790 km)(cos 162°) =750 km

Ay;=d;(sin 6;) = (790 km)(sin 162°) = 24 km

Ax, = dy(cos 0,) = (150 km)(cos 180.0°) =—150 km

Ay, = dy(sin 6,) = (150 km)(sin 180.0°) = 0 km

Axz=dj(cos 03) = (470 km)(cos 90.0°) = 0 km

Ay;=dj(sin 63) = (470 km)(sin 90.0°) = 470 km

Axy=dy(cos ;) = (240 km)(cos 75°) = 62 km

Ay,=dy(sin 6,) = (240 km)(sin 75°) =230 km

Axyp; = Axp+ Axy + Axz + Axy= (=750 km) + (=150 km) + 0 km + 62 km = -840 km

Ayior=Ay1 + Ay, + Ays+ Ay, =240 km + 0 km + 470 km + 230 km = 940 km

d=1/(Ax)? + (Ay;o)? = /(—840 km)? + (940 km)? = 4/7.1 X 10° km? + 8.8 X 10° km?
=4/15.9x 10° km’

A 940 k
6=tan"! 2ot _ tan ! i —48°
Xiot —840 km

0= |48° north of west
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79. v,=853m/s

Solutions

WAy Ax
A= [

-8 Ux
Ay=-1.
e A P _ (853 mps) [RL0M _ 7y
x=v, |—=(853m/s) |——5— =472 m
¢=9.81 m/s* V¢ 081 m/
| range of arrow =47.2 m |
80. At=0.50's Ax=wvj(cos O)At
Ax=15m Ax 1.5m
vi= = =|3.6m/s
0=33° " (cos O)At  (cos 33°)(0.50 )

81. Ax;=0.46m

Ax;=4.00m

6=41.0°
Ay=-0.35m

g=9.81 m/s’

Axypr=Ax;+ Axy
Ax

At=———
vi(cos 6)

2
Axl + AXZ

2

Ax;+ A
Ay=v,(sin O)At— %gAtz =y sin 9){ Xi xz} 1

v;(cos 6) v{(cos 6)
g(Ax;+ Ax2)2
2 1/,-2(cos 9)2
/ g(Ax1 + AXZ)Z
vi= 2
\/ 2(cos 0)°[(Ax; + Axy)(tan 6) — Ay]

Ay = (Ax;+ Ax,)(tan 6) —

] (9.81 m/s%)(0.46 m + 4.00 m)>
Y=\ (2)(cos 41.0°)7 [(0.46 m + 4.00 m)(tan 41.0°) — (~0.35 m)]

[ 81 mis) (446 m)?
Y=\ (2)(cos 41.0°)%(3.88 m + 0.35 m)

| (9.81 m/s?)(4.46 m)*
"IZ\ (2)(cos 41.0°)2 (4.23 m)

82. vi. =87 km/h, west
Vee = 145 km/h, north
At=0.45s

Vie = Vic  Vce

Vs, fo= Vs, fo & Uy, ce = Ve =—87 km/h

Uy, fe=Vy, foF Uy, ce= Ve =+145 km/h

Ax=vy j At= (87 km/h)(10° m/km)(1 h/3600 5)(0.45 s) =11 m

Ay=v) pAt= (145 km/h)(lO3 m/km)(1 h/3600 s)(0.45 s)
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83. vpy, = 12.0 km/h, south

Vye = 4.0 km/h at 15.0°
south of east

Solutions

Vbe = Vbw T Vwe

Uy be=Vx, bw+ Uy, we = Vype(€OS )

Uy, be = Vy, bw + Uy, we = Vw + Vye(SiN O)y)
6, =—15.0°

Uy pe= (4.0 km/h)[cos(~15.0°)] = 3.9 km/h

v,

'y be = (=12.0 km/h) + (4.0 km/h)[sin(=15.0°)] = (=12.0 km/h) + (1.0 km/h)

=-13.0 km/h
Vhe =y (v, pe)* + v, 1)> = /(3.9 km/h)? + (=13.0 km/h)?

Vpe= /15 km?/h? + 169 km?/h? = 1/184 km?/h?

—13.0 km/h
f=tan! Uy be) _ tan”™! Z13.0 ka7l =-73°
V}g be, 3.9 km/h

6= 73° south of east

Forces and the Laws of Motion

84. F,=75x 10* N north

F,=9.5x 10" N at 15.0°
north of west

6;=90.0°

6,=180.0°—15.0°=165.0°

Fy ner = 2F,= Fy(cos ;) + F(cos 6,)

Fyper = (7.5 % 10* N)(cos 90.0°) + (9.5 x 10* N)(cos 165.0°)
Fyper =—9.2x 10°N

Fyper = 2F,= F(sin 6;) + F,(sin 6))

Fypper = (7.5 % 10* N)(sin 90.0°) + (9.5 x 10" N)(sin 165.0°)

Fpper =7.5% 104N +2.5x10* N=10.0x 10* N

ynel

4
Fypnet _[10.0x10*N
9:tan_1< yne) =tan 1(74 ) =—47°
Fy net -9.2x10

6= 47° north of west

85. F=76 N F, = F(cos 6) = (76 N)(cos 40.0°)
0= 140.0° F.=

86. F=76 N F,=F(sin ) = (76 N)(sin 40.0°)
0=140.0° F,=

87.F,=60N Fpuax=F1+ F,= 60N +8.0N
F,=8.0N Fppe=| 140N

Fpyin=F>,—F;=80N—-6.0N

88. m=2l4kg Fruet= Fpuoyant— mg =790 N — (214 kg)(9.81 m/s”)

F, =790 N
buepant=*= Frer=790 N = 2.10x 10’ N=—1310 N

g=9.81m/s

F -1310N
Aper = mt o =] —6.12 m/s’
m 214 kg
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89. F,,,=2850 N vF—v;  15cm/s—0cm/s
net = A1 = =3.0 cm/s?=3.0 X 1072 m/s>
vp =15 cm/s At 5.0s
v;=0cm/s Fier=m aper
At=50s _Fper _ 280N
A 3.0x 1072 m/s?
m=| 9.5x10"kg
1 2
90. m=38.0kg Ay=v;At+ > 0net At
Ay=20.0 em 24y (2)(20.0x 1072 m) 5
At=050s Because v; =0 m/s, a,,,; = AP =W= 1.6 m/s
vj=0m/s Fper=m aye = (8.0kg)(1.6 m/s*) = 13N
g=9.81 m/s?
Fer=1| 13 N upward
91. m=90.0kg F,et=mg(sin ) — ;=0
6=17.0° Fy= mg(sin 6) = (90.0 kg)(9.81 m/s*)(sin 17.0°) = 258 N
g=9.81 m/s’
Fi= | 258 N up the slope
92. 0 =5.0° Fep=mg(sin 0) — F=0
Fie= p Fyy = py mg(cos 6)
in
= 7mg(sm ) =tan 6 =tan 5.0°
mg(cos )
93. m=2.00kg F, =magos 6= (2.00 kg)(9.81 m/sz)(cos 36.0°)=[159N
6=36.0°
a,=9.81 m/s
94. m=18x10° kg Fy inax = s Fy = 1s mg(cos 6)
6=15.0° Fy pax 1.25x 10* N

Fypax=125x10*N

Hs= mg(cos ) - (1.8 10° kg)(9.81 m/s2)(cos 15.0°)

2
g=9.81m/s
95. 14, =0.20 Frer =m aper = Fy,
g=9.81 m/s Fi.= uiFp = yymg

s = ukng: 1kg = (0.20)(9.81 m/s?)
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96.

Fappliea=5-0 N to the left
m=1.35kg

Ayer=0.76 m/s* to the left

Solutions

Frep =mape = Fapplied - B
Fr=Fapplied — M Qper
F.=5.0N - (1.35 kg)(0.76 m/sz) =50N-1.0N=40N

Fj.=[4.0 N to the right

97. F,=150N F,= F(sin 6) = (15.0 N)(sin 55.0°)
6="55.0° F,=| 123N
F, = F(cos 0) = (15.0 N)(cos 55.0°)
F,=|8.60N
98. F; =6.00 X 10? N north Fy per = 2F, = Fy(cos 6;) + Fy(cos 6,) + F5(cos 63) = (6.00 x 10> N)(cos 90.0°)
F,=7.50 X 10> N east +(7.50 x 10> N)(cos 0.00°) + (6.75 x 10> N)[cos(—30.0°)]
F3=06.75x 10> N at 30.0° Fyper =7.50 X 10N +5.85x 10° N = 13.35 x 10 N
south of east Fyner = SF,= F(sin 6;) + F(sin 6,) + F(sin 63) = (6.00 x 10% N)(sin 90.0°)
6,=90.0° +(7.50 % 10% N)(sin 0.00°) + (6.75 x 10> N)[sin (~30.0°)]
6,=0.00° Fyyper =6.00x 10° N + (=3.38 X 10° N) = 2.62 X 10° N
2
=-30.0° F, 2.62x10°N
03=-30.0 O=tan"! ) tan | — 2
Fy et 13.35x 10> N
0= | 11.1° north of east |
99. F,,,=—650N F —-65.0N
net Aoy = net oY —448 m/82
m=0.145 kg m 0.145 kg
1 2
100. m=2.0kg Ay=v;At+ Eanet At
Ay=19m 5 o/ 20y (2)(1.9m) 0.6 m/s?
At=24s COMEV = RIS et = Ty = T g e
v;=0m/s Foer=m a,,,=(2.0kg)(0.66 m/s) =1.3 N
Fper=[1.3 N upward
101. At=1.0m/ Av_10mS o0 mis
. At=1. Appp=— = =0.20 m/s
s LY 5.0s
At=5.0s Fper= 1 ayer = Faownnitl = Fuphin = 18.0 N=15.0N=3.0N
Faownnin=18.0N Foot 3.0N
—mel o -15 k
Fupnin=15.0N Ay 0.20 m/s’ g
102. mgy, =47 kg F= i By = Mo + Myyppiies) g(cos 6) = (0.075)(47 kg + 33 kg)(9.81 m/s?)(cos 15°)
Maupplies = 33 kg Fp=(0.075)(8.0 x 10" kg)(9.81 m/s?)(cos 15°) =
Ue=0.075
6=15°
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103.

Aper=1.22 m/s’

Solutions

F,et=m a,,; = mg(sin 6) — Fy,

6=12.0° Fi.= py F, = i mg(cos 6)
g=9.81 m/s” m A,y + Uy mg(cos 0) = mg(sin 0)
_ gsin @) —a,,  (9.81m/s)(sin 12.0° — 1.22m/s>  2.04 m/s’ — 1.22 m/s’
e g (cos 0) - (9.81 m/sz)(cos 12.0°) - (9.81 m/sz)(cos 12.0°)
0.82 m/s”
Hie= (9.81 rn/sz)(cos 12.0°) =008
104. Fyppiieq= 1760 N Frer= Fappliea— mg(sin ) — F 1,4, =0
6=17.0° Fy pnax= U5 Fy = 1t mg(cos 6)
m=266 kg s mg(cos 6) = Fupplieg — mg(sin 0)
¢=9.81 m/s’

_ Fapplied— mg(sin @) _ 1760 — (266 kg)(9.81 m/s*)(sin 17°)
B © (266 kg)(9.81 m/s®)(cos 17°)

S
~ 1760 — 760 N ~ 1.00x 10° N
(266 kg)(9.81 m/s*)(cos 17°) (266 kg)(9.81 m/s*)(cos 17°)

mg(cos )

Hs

105.

Fiownward= 426 X 107 N
Hr=0.25

Foer= Faownward — Fx="0

Fe= i Fy= Faownward

Faowmward 4.26 X 107 N 3
F,= = =[1.7x10°N
T o = [L7x10°N]|

106. F,=1.7x 10°N F,,= mg(cos )
0=10.0° 8
Fn 1.7x10°N 7
2 = = = 18)( 10 k
g=9.81m/s g(cos B)  (9.81 m/s?)(cos 10.0°)
107. Fyppiicq=2.50x10*N Foyer=1m ayey = Fapplica— mg(sin 6) — Fy

m=65.0 kg
6=18.0°

(per = 0.44 m/s?

Fr= Fapplied_ mg(Sin 0) — may
Fi=2.50 x 10° N — (65.0 kg)(9.81 m/s®)(sin 18.0°) — (65.0 kg)(0.44 m/s°)

Fr=2.50x 10N — 197 N—29 N =24 N = | 24 N downhill

108.

F; =2280.0 N upward
F, =2250.0 N downward
F3=285.0 N west
F4=12.0 N east

Fy et =SF,=F;+ F,=2280.0 N + (-2250.0 N) =30.0 N
Fypet =3F= F3+ F4=—85.0N+12.0N=-73.0N

F, 30.0N
0= tan_1< ymt) = tan_l(7> =-22.3°
F et —73.0N

0= | 22.3° up from west |

109.

F;=7.50x10°N
6, = 40.0°
F,=7.50x 10> N
6,=—40.0°

F,

Yynet = Fg= F1(cos 6;) + Fy(cos 6))
F

et = (7.50 X 10> N)(cos 40.0°) + (7.50 x 10 N) [cos(—40.0%)]

Fy=575N+575N=| 1.150 X 10°N
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110. F,,,, =45x 10*N Fper=m apey = Fypqe— mg

Aper=3.5 m/sz m(ape; + g) = Fpax

2 4 4
=9, F 45x10°N 45x10°N
g=9.81m/s = —max 5 5> = — = 3.4x10°kg
per +¢  3.5m/s"+9.81 m/s 13.3 m/s

111. F, 5= 2400 N Fypmax=Hs F,
Hs=0.20 E 2400 N
) F,=—smex - 277 7 _12x10*N
6=30.0 U 0.20
g=9.81 m/s’

F,= | 1.2x10*N perpendicular to and away from the incline

112. F, ,,,,,=2400 N F, = mg(cos 6)
Hs=0.20 F 12x10*N
A )
a0 o m= = = 1400 k
6=30.0 g(cos 6)  (9.81 m/s?)(cos 30.0°)
g=9.81 m/s’
113. m=5.1x 10> kg Fruet= Fapplied = mg(sin 0) — Fq g, =0
0= 14° Fs,max::uan:,us mﬂcos 9)
Fapplied=4-1 X 10°N usmg(cos ) = Fypplieg— mg(sin 0)
_ 2
§=9.81m/s _ Fapplied— mg(sin 6) _ 4.1x 10° N = (5.1 x 10> kg)(9.81 m/s?) (sin 14°)
s mg(cos ) - (5.1 % 10 kg)(9.81 m/sz)(cos 14°)
p 41x10°N-12%x10°N 29%x10°N
S

N (5.1 10° kg)(9.81 m/sz)(cos 14°) - (5.1 10° kg)(9.81 m/sz)(cos 14°)

Hs=
Work and Energy

114. d=3.00x10°m w 2.13x10°] -3
d(cos 6)  (3.00 x 10° m)(cos 0°) -

W=2.13x10°]

6=0°

115. F=715N w 2.72%x 10%]
d= = = -38.0 m
F(cos ) (715 N)(cos 0°) -

W=2.72x10%]
60=0°
116. v;=88.9 m/s W= Fd(cos 6)
vf=0 m/s F=ma
At=0.181s g B _vrmvi
At At
d=8.05m
—-v; 70.0 kg)(0 —88.9
m=70.0 kg W= Md (cos 6) = ( &) O m/s m/s) (8.05 m)(cos 180°)
At (0.181s)
6=180°
W= (70.0 kg)(88.9 m/s)(8.05 m)
(0.181s)

W=| 2.77x10°]J
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117. v=158km/s KE=3 my?=5(0.20 x 10~ kg)(15.8 x 10° m/s)?
118. v=35.0km/h KE=73 mv* =3 (9.00 x 10” kg) [(35.0 km/h)(10° m/km)(1 h/3600 5)]*

m=9.00 x 10> kg KE=|4.25x10%]

119. KE=1433] 2KE | (2)(1433))
V= = =| 247 m/s
m=47.0g m 47.0x 10 kg

120. v=9.78 m/s 2KE  (2)(6.08 % 10* I)
m= 5= = 1.27 x 10° kg
(9.78 m/s)

KE=6.08x10*] v
121. m=50.0kg WnetzAKEzKEf—KE,:%mz/fz——mz/Z
v;=47.00 m/s W =3 m(vf = v) =3 (50.0 kg) [(5.00 m/s)* — (47.00 m/s)’]
vp=5.00 m/s Wer =3 (50.0 kg)(25.0 m%/s? — 2209 m?/s*) =3 (50.0 kg)(~2184 m?/s?)

W= | —5.46 x 10%]

122. m=1100 kg 48 0 km\(1000 m
=13.3m/s
v;=48.0 km/h Lkm /\3600 s
vf=59.0 km/h 59.0 km (1000 m 64 ms
J=100m h 1km /\3600s)
1
AKE— v v) = 51100 kg)[(16. 4)* - (13.3)%]

AKE= (550 kg)(269 m?/s> — 177 m%/s%) = (550 kg)(92 m?/s*) = 5.1 x 10*]

W AKE 5.1x10%]
=== T - |51x10°N
p i e AL L]

123. h=5334m PE, = mgh=(64.0 kg)(9.81 m/s?)(5334 m) =

m=64.0 kg
g=9.81 m/s’
124. k=550 N/m PEygstic = 5k = 3(550 N/m)(-1.2 X 102 m)? =
x=-1.2cm
125. m=0.500g PE;= KE;
h=0.250 km mgthEf

g=9.81 m/s’ KE;= (0.500 107 kg)(9.81 m/s%)(0.250 x 10° m) =
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126

. m=50.0g
;=3.00 x 10? m/s

Solutions

ME; + AME= MEy

ME;= KE;=ymv}?

vp= 89.0 m/s MEf = KEf = %myfz
AME= ME; ~ ME; =im(vf - v}?)
AME=3 (50.0 x 10~ kg)[(89.0 m/s)* — (3.00 x 10% m/s)*]
AME=3 (5.00 x 10 kg)(7.92 x 10’ m?/s> - 9.00 x 10" m?/s?)
AME=3 (5.00 X 10 % kg) (~8.21 x 10* m%/s?)
AME=| -2.05x10°]
. P=380. W 45x10°
127. P=380.3 kW AV 31 :
We 45%10°] P 3803x10°W
128. P=13.0 MW W= P At=(13.0 x 10° W)(15.0 min)(60 s/min) =
At=15.0 min
129. F,,,=7.25x 102N

W =4.35% 1072 ]
6=0°

—2
w, 435%x10 7]
d= et _ =| 0.600 m
F, et (cos 0) (7.25 x 1072 N)(cos 0°)

= W, 131 x10°
130. d=762m oo W _ ]o 3N
W= 1.31 % 10°] d(cos @)  (76.2 m)(cos 0°)
6=0°
131. d=15.0m

Fapplica=35.0N

Wier= Fapplied d (cos 6) + Fi d (cos 6,)
W,er=(35.0 N) (15.0 m) (cos 20.0°) + (24.0 N) (15.0 m) (cos 180°)

6, =20.0° Wier=493 ] + (=3.60 X 10° J)
F,=240N Wit =
92: 1800
132. m=7.5x10"kg KE=3 mv* =3 (7.5 % 107 kg) [(57 km/h)(10° m/km)(1h/3600 5)]*
v=57 km/h
133. KE=7.81x10*]

m=55.0 kg

2KE  [(2)(7.81x10%))
N ok
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134. ;=80 m/s We = AKE= KEg — KE;=3 mvj —3 mv}
vy=0m/s Wt = Fpeid(cos 6) = Frd(cos 6)
d=45m % m(i/f2 - 1/1-2) = Fd(cos 6)
Fe=0.12N 2 Fyd(cos ) (2)(0.12N)(45 m)(cos 180°)  —(2)(0.12 N)(45 m)
Mm= —————— = =
0=180° 1/f2 - yiz (0 m/s)2 - (8.0 rn/s)2 —64 m?/s*
— AKE= KE— KE =~y — 2
135. ;= 2.40 x 10> km/h Wier= AKE= KEy — KE; =3 mvy” - v;
vy =0km/h Wt = Fpye d (cos 0) = ma,,,; d(cos 6)
ey = 30.8 m/s?
m=130x 10*kg Mayed(cos 6) =5 m(vf —vf)
6=180° v —v? [0 km/h)*— (2.40 x 10 km/h)?] (10° m/km)*(1h/3600 5)*
2, (cos 6) (2)(30.8 m/s%)(cos 180°)
(=5.76 x 10* km?/h?)(10° m/km)? (1h/3600 s)*
d= =|722m
—(2)(30.8 m/s?)
136. h=7.0m PE,=mgh
4
PEg=6.6><10 ] _@g_ 6.6)(104]

g=9.81 m/s’

Cgh (9.81 m/s})(7.0m)

137.

k=15x10* N/m
PEj45tic =120

1, 2
P Eelasticzik’C
x=+ /2PEelastic: / (2)(1207])
N k “V1.5%10* N/m

Spring is compressed, so negative root is selected.

x=| -0.13m=—13cm |

138. m=100.0g PEqlastic= KE
x=30.0 cm %k,&:%m,}
k= 1250 N/m [kx> (1250 N/m)(30.0 x 1072 m)>
V= —_— =
m  \ 100.0 x 1073 kg
v=|33.5m/s
139. h=3.0m PE;= KE;
¢=9.81 m/s® mgh =% mz/f2
vp=~/2gh=1/(2)(9.81 m/s?)(3.0 m)
140. W=1.4x10"] w 1.4x10"] o
p=2— : — =27x10°W=27Gw
Af=8.5 min At (8.5 min)(60 s/min)
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141. F=334N W= Fd(cos 0)
d=50.0m 1
W Fd(cos 6) (334 N)(50.0 m)(cos 0°)
At=—= = =1(8.0
0=0° P P 2100 W
P=2100 W

142. P=(4)(300.0kW) W=PAt=(4)(300.0 x 10° W)(25 s) =

At=25s
143. Foppiia=92N W = AKE= KE{— KE;= KEf
m=18 kg Wiot=Fet d (cos 6)
M= 0.35 Fret= Fapplied = Fic= Fapplied — Mk Mg
d=7.6m KEf= (Fapplied — Hi mg) d (cos 6)
g=9.81 m/s> =[92 N —(0.35)(18 kg)(9.81 m/s>)](7.6 m)(cos 0°)
6=0° KEp= (92N =62 N)(7.6 m) = (3.0x 10" N)(7.6 m)

KE;=0] KEf=]230]

144. x=5.00 cm Assuming all of the kinetic energy becomes stored elastic potential energy,
KEqpy=1.09%1074] KEgar= PEolagtic=73 kx*
v 2 PEaasic _ (2)(1.09 10%])
x? (5.00 x 1072 m)?

k=18.72x 10° N/m

145. m=250kg PE;= KE;

v=12.5m/s rnghz%rm/2

¢=9.81m/s’ A (125 m/s)? -
h= =— - = -7.96 m
2g  (2)(9.81 m/s)

146. m=5.0kg PE,= mgh= mgd(sin 0)
6=125.0° g PE 2.4x10%]
PE,=2.4x10%] " mg(sin@) (5.0 kg)(9.81 m/s?)(sin 25.0°)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

147. m=2.00x 10° kg We = AKE= KEf— KE; =3 mvjf -3 mv}
Fyying=4.00 X 10° N Wor = Eyr d (05 6) = E, g d(cos 6)
d=0.90 km % mvf2 —% mv? = F,qd (cos 6)
vi=0m/s _ 2Fyad(cos 6) 5 [(2)(4.00x 107 N)(0.90 x 10° m)(cos 0°) R
. vp= P = 5 + (0 m/s)
6=0 m v 2.00 % 10% kg

(2)(4.00x 10° N)(9.0 x 10* m)
AR 2.00x 10* kg

vr=6.0x10" m/s
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148. m=50.0 kg
k=3.4x%10*N/m
x=0.65m

hf =1.00m—0.65m
=0.35m

Solutions

PEg,i = PEelastic,f + PEg,f
mgh; =% ko + mghys

kx? (3.4 x 10* N/m)(0.65 m)?
hi=hy+——=0.35m+ >
2 mg (2)(50.0 kg)(9.81 m/s”)

=035m+15m

Momentum and Collisions

149. Ax =274 m to the north
At=8.65s
m=50.0 kg

Ax 274m
V. ==
M8 At 8.65s

=31.7 m/s to the north

p=mv

Pavg = MVayg = (50.0 kg)(31.7 m/s) = | 1.58 X 10° kgem/s to the north

150. m=1.46x 10" kg

p=9.73 x 10° kgem/s to
the south

P 9.73x10° kgem/s
vV=——=— =
m  1.46x10” kg

v=| 6.66 m/s to the south |

151. v=255km/s
p=8.62%10°° kgem/s

36
8.62 x 107" kgem/
m = E:ﬁ: 3.38x10° kg
255%10° m/s

v

152. m=5.00¢g Ap = mvg— mvy=FAt
Vi =255 m/s to the right mug—mv; (5.00% 107 kg)(0 m/s) - (5.00 x 10~ kg)(255 m/s)
F= = = -0.879N
vg=0m/s At 1.45s
Af=145s F=|0.879 N to the left
153. m=0.17kg FAt=Ap=mAv
Av=-9.0 m/s F= Fy=—mguy
_ 2
g=9.81 m/s Are mAv  Av -9.0 m/s
Hy=10.050 T —mguy —g —(9.81 m/s%)(0.050)
154. v; =382 km/h to the right F _Ap_ (me+ mg)vg— (m.+ my)vy
vg=0km/h At At
m.=705 kg _ [(705 kg + 65 kg) (0 km/h) — (705 kg + 65 kg)(382 km/h)](10° m//km)(1 h/3600 s)
‘ B 12.0's
mg=65kg 5 ;
—(7.70 x 10° kg)(382 km/h)(10° m/km)(1 h/3600 s
Af=12.0s Fe ( g)( ) ) ) 681X 10°N

12.0s

F=|6.81 x 10° N to the left
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155.

v; = 382 km/h to the right

Solutions

Ax=3(v; + vp)Ar=3(382 km/h + 0 km/h)(10° m/km)(1 h/3600 5)(12.0 )

vg=0km/h ;
Ax = | 637 m to the right
At=12.0s
156. m;=50.0¢g Because the initial velocities for both rifle and projectile are zero, the momentum con-
servation equation takes the following form:
vy,i=0m/s

vy,£= 400.0 m/s forward

mlvl’f+ m2v2,f= 0

my=3.00 kg —mvyg —(50.0 x 107 kg)(400.0 m/s)
Vo= = =—6.67 m/s
V2,i=0m/s ) 3.00 kg
Vy,¢= | 6.67 m/s backward
157. Vl,iZOCITl/S mlvl,f+ m2V2,f=0
vy,£= 1.2 cm/s forward -mjvyg  —(2.5g)(1.2 cm/s)
_ mM-r= =
=+1.2 cm/s ? Vo f —0.40 cm/s
vp,i=0cm/s

vy, ¢=0.40 cm/s backward

=-0.40 cm/s
m;=25g¢g
158. m;=25.0kg m; = mass of child and sled = m;+ m.=25.0 kg + 42.0 kg =67.0 kg
mC=42'0 kg mll/])i"r m21/2,l-=(m1+m2)1/f
vy,i=3.50 m/s myy —mupp  (67.0 kg)(3.50 m/s) - (67.0 kg)(2.90 m/s)
vp,i=0m/s "= V= Us B 2.90 m/s — 0 m/s
vp=2.90 m/s 234 kgem/s + 938 kgem/s 40 kgem/
= gem/s gem/s _ gem/s _ 14 kg
2.90 m/s 2.90 m/s
159. mp= 8500 kg mZVI,i + 1”’12V2,i

vV§=

vy,i=4.5m/s to the my+

right =+4.5 m/s (8500 kg) (4.5 m/s) + (9800 kg)(=3.9 m/s) 3.8 x 10* kgem/s — 3.8 x 10* kgem/s
m, = 9800 kg V= 8500 kg + 9800 kg - 1.83 x 10* kg
Vy,i = 3.9 m/s to the left ve=10.0 m/s

=-3.9m/s f

160. m; =8500 kg KE;=3mu),  +5mpuy £ =5(8500 kg) (4.5 m/s)* +5(9800 kg) (=3.9 m/s)

vy,i=4.5m/s KE;=8.6%10*T+75%10°7=16.1x 10*T=1.61x 10°J
m,=9800 kg

vy i==3.9m/s

Vf:Om/s

KEy =3(m; + my)uf =3(8500 kg + 9800 kg) (0 m/s)* =0 ]

AKE=KE;— KE;=0] - 1.61x10>J=| —1.61 X 10° ]
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161. m1=55g
vy, i=1.5m/s
my,=55¢g

vy ;=0m/s

Solutions

L ompy it may (55 g)(1.5m/s) + (55 g)(0 m/s) _ (55 g)(1.5m/s)
T e m, 55g+55g T ll0x10%g

vy =0.75 m/s

percent decrease of KE=———x 100 =
KE;

i i i

KEf— KE; KEf
———x100=(—=~1|x 100
KE

KE;=3mu;, # +3mus, 1=5(55x 107 kg)(1.5 m/s)? +3(55 x 10~ kg)(0 m/s)?
KE=62x1072]+0]=62x10"]
KEy =35(m; + m)vf =3(55 g +55 ¢)(10~ kg/g) (0.75 m/s)’

KEf=3.1x107]

3.1x107%]
percent decrease of KE = 62><—10_2] —1|x100=(0.50—-1) x 100 = (—0.50) x 100

percent decrease of KE = | —5.0x 10" percent |

162 m;=my=45g¢g
vy ;=0m/s
vy, f=0m/s

vy f=3.0m/s

Momentum conservation
m11/1) i+ m21/2, i= mﬂ/],f+ m21/2)f
vy, i=V1,f T~V ;=0m/s+3.0m/s—0m/s
Conservation of kinetic energy (check)
1 2 1 2 1 2 1 2
Eﬂ’lll/], i + Emzl/Z, i = Emﬂ/l’f + 571”121/2))(

2 2 2 2
1/1’1‘ +V2,i :1/1’]” +1/2’f

2 2_ 2 2

(3.0 m/s)“+ (0 m/s)“= (0 m/s)” + (3.0 m/s)

9.0 m%/s*> = 9.0 m?/s?

163. m=5.00x 10° kg

p =8.22 % 10° kgem/s to
the west

p 822X 10° kgem/s
m  5.00%10°kg

v=| 16.4 m/s to the west
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164. m;=3.0x 10" kg
my=2.5%10" kg

Vy,i = 4.0 km/h to the
north =+4.0 km/h

vy,£=3.1 km/h to the
north =+3.1 km/h

v, ¢= 6.9 km/h to the
south =—6.9 km/h

Solutions
Momentum conservation
MV, MyVp i = MV g+ myvy g

MV, §+ MVa §— MyVp 4

V,i=
my
(3.0x 107 kg) (3.1 km/h) + (2.5 x 10” kg)(=6.9 km/h) — (2.5 x 10” kg)(4.0 km/h)
3.0x 10" kg

9.3 % 10 kgekm/h — 1.7 x 10 kgekm/h — 1.0 x 10% kgekm/h
VL= 3.0x 107 kg

~1.8 x 10 kgekm/h
Vl’i = =-6.0 km/h

3.0x10" kg

vy,i = | 6.0 km/h to the south

Conservation of kinetic energy (check)

%mﬂ/l, ,-2 + %mzyz, ,-2 = %mlul,fz + %mﬂ/z’ f2

2(3.0x 107 kg)[(=6.0 x 10° m/h)(1 h/3600 5)]* +3(2.5 x 10” kg)[(4.0 x 10° m/h)(1 h/3600 5)]*
=2(3.0x 10" kg)[(3.1 x 10° m/h)(1 h/3600 5)]* +3(2.7 x 107 kg)[(6.9 x 10 m/h)(1 h/3600 5)]>
42x107J+1.5x107 J=1.1x 10" J+4.6x 10 ]

5.7%x107J=57x10"]

165. m=7.10x 10 kg
v=270 km/h

p=mv=(7.10x 10° kg)(270 km/h)(10> m/km)(1 h/3600 s)

166. v=50.0 km/h
p=0.278 kgem/s

p 0.278 kgem/s
m=-=

v (50.0 km/h)(10° m/km)(1 h/3600 s)

m=[2.00x10"2kg=20.0g

167. F=75N Ap = mvy — mv;= FAt
m=55kg FAt+my;  (75N)(7.5s) + (55 kg)(0 m/s)
Vr = =
At=75s f m 55 kg
=0 = (1010 i
168. m=60.0g Ap=mvy — mv;= FAt
F=-15N 2~ FAt _ (60.0x 107 kg) (0 m/s) — (-1.5N)(0.255) _ (15 N)(0.255)
At=025s ' m 60.0 X 107° kg 60.0x 10 kg
vy =0m/s V=

169. m=1.1x10"kg
vg=9.7 m/s to the east
v;i=0m/s

At=19s

_Ap  mvg—mv;
At At

F

3 _ 3
Fo (1.1 x 107 kg)(9.7 m/s) — (1.1 x 10° kg)(0 m/s) 560N

19s
F=|560 N to the east
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170. m=12.0kg F= Fappiied(cos 0) = Ffyjction
Fapplied=15.0 N JR-Y. mf— my; (12.0 kg)(4.50 m/s) — (12.0 kg)(0 m/s)
f=— = =
6=20.0° F Fapplied(c0s ) = Fpicrion (15.0 N)(cos 20.0°) = 11.0N
Ffriction=11.0N . 54.0kgem/s —0kgem/s 54.0 kgem/s
v;=0m/s 141N-11.0N 31N
v =4.50 m/s
171. 1;=7.82x 10° m/s g mup— my;
vp=0m/s At At
m=42g o 42X 107 kg)(0 m/s) — (42 x 10~ kg)(7.82 x 10° m/s)
At=1.0x10"°s B 1.0x 1075

o —2x 107 kg)(7.82 x 10° m/s)
- 1.0x107°%s

F=|-33x10°N

172. m=455kg Ap =FAt
At=12.2s F:sz—mg,uk
Hye=0.071 Ap = —mgiiAt=—(455 kg)(9.81 m/s>)(0.071)(12.2 s) = —3.9 X 10° kgems
¢=9.81 m/s® 3 : :
) Ap = | 3.9 % 107 kgems opposite the polar bear’s motion |
vf = 0 m/s
173. m=455kg mvf—Ap (455 kg)(0 m/s) — (=3.9 x 10° kgems)
V.= =
At=122s oom 455 kg
Hg=0.071 3.9 % 10° kgems
B 2 v;= =8.6m/s
g=9.81 m/s 455 kg
vy =0m/s Ax=%(1/,-+1/f)At=%(8.6 m/s+0m/s)(12.2 s)
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174.

m=2.30x 10” kg
v;=22.2m/s

vy =0m/s
F=-1.26x10*N

Solutions

Ap AP _ v mu;
F F
. (2.30 % 10° kg)(0 m/s) — (2.30 x 10° kg)(22.2 m/s) _ 511X 10* kgem/s

—1.26x 10* N 126 x 10*N

175.

vy,i=0m/s
V3,i= 5.4 m/s to the north
vy,¢= 1.5 m/s to the north
v,¢= 1.5 m/s to the north
m; =63 kg

mvy, i+ myvy = mvy g+ myvy ¢

MV E— MV (63 kg)(1.5 m/s) — (63 kg)(0 m/s) B (63 kg)(1.5 m/s)

m2= 5.4 m/s— 1.5 m/s 3.9 m/s

V2,i-Va f

176.

m;=1.36 x 10* kg
m,=8.4x 10" kg
vy ;=0m/s

vy, f=vsp=13mls

ﬂ’lﬂ/]) 1’+ 17’121/2’ i=my V],f + mzl/z)f

mﬂ/I’f—F mZI/z’f — ﬂ’l21/2) i

vy, i=
my
(136 x 10 kg)(1.3 m/s) + (8.4 x 10> kg)(1.3 m/s) — (8.4 x 10° kg) (0 m/s)
VLi= 136 x 10" kg
1.8 x 10" kgem/s + 1.1 x 10* kgem/s 2.9 x 10* kgem/s
vy,i= =

1.36 x 10* kg 1.36 x 10* kg

177.

m;=1292kg
v; = 88.0 km/h to the east

mvi = T’ﬂfo

v mvy (1292 kg)(88.0 km/h)
f=— =

my = 1255 kg my 1255 kg
vg=[90.6 km/h to the east
178. m;=68kg MVy, i+ MyVp = MV g+ MV 5
my=68 kg S MV, § MoV, = MaVa,i _ (68 kg)(—0.85 m/s) + (68 kg)(—0.85 m/s) — (68 kg)(0 m/s)
V2,i=0m/s b m; 68 kg

vy,£= 0.85 m/s to the west
=—-0.85m/s

vy, ¢= 0.85 m/s to the west
=-0.85m/s

vy,i=—0.85 m/s + (=0.85 m/s) = 1.7 m/s

vy,i = | 1.7 m/s to the west
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179. m;=1400 kg MVt MV
vy,i =45 km/h to the north e y + 1
m, = 2500 kg The component of vgin the x-direction is given by
v2,i= 33 km/h to the east myvy (2500 kg)(33 km/h) (2500 kg)(33 km/h)
YxT T +m,  1400kg+2500kg 3900 kg
g x=21km/h

The component of vgin the y-direction is given by

mw; ; (1400 kg)(45 km/h) (1400 kg)(45 km/h)
mp+my,;  1400kg+2500kg 3900 kg

Uy

vpy= 16 km/h

v =g 2 +vg P =+/(21 km/h)? + (16 km/h)?

vp = /440 km’/h? + 260 km?/h? = /7.0 x 107 km?/h?

vp= 26 km/h
O=tan"! Yy - tan”™! M =37°
Vfx 21 km/h

vE= | 26 km/h at 37° north of east |

180. m;=4.5kg (my+myvg—mpy; (45 kg + 1.3 kg)(0.83 m/s) — (4.5 kg)(0 m/s)
1/2) L= =
vy ;=0m/s l my 1.3kg
(5.8 kg)(0.83 m/s)
= 1. k _ = .
m,=1.3kg vy i 13 kg 7 m/s
vy =0.83 m/s

KE;=5muy,  +5mus, £ =5(4.5 kg) (0 m/s)” +3(1.3 kg) (3.7 m/s)?
KE=0]+897=89]
KEf =3(m; + my)uf =3(4.5 kg + 1.3 kg)(0.83 m/s)” = 3(5.8 kg)(0.83 m/s)*

KE;=2.0]

AKE=KEy — KE;=2.0] - 8.9] =

181. m;=0.650 kg myvyi+myvy;  (0.650 kg)(15.0 m/s) + (0.950 kg)(—13.5 m/s)
vf= =
vy,i = 15.0 m/s to the right my+ g 0-650 kg +0.950 kg
=+15.0 m/s 9.75 kgem/s — 12.8 kgem/s ~ —3.0 kgem/s
vi= = =-1.91m/s
1.600 kg 1.600 kg
my=0.950 kg
vg=1.91 m/s to the left
V2,i=13.5 m/s to the left . . ) .
=—13.5m/s KE;= 3mywy + ymovy, = 5(0.650 kg)(15.0 m/s)” + 3(0.950 kg)(~13.5 m/s)*

KE;=73.1]+86.6]=159.7]
KEf = 5(m; + my)vf = 5(0.650 kg +0.950 kg) (1.91 m/s)” = 3(1.600 kg)(1.91 m/s)*

KEf=2.92]

AKE=KE; — KE;=2.92]-159.7] = |-1.57 x 102]
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182. m;=10.0kg - muy i+ myvy; _ (10.0 kg)(6.0 m/s) + (2.5 kg)(—3.0 m/s)
my=2.5kg my+ my 10.0 kg + 2.5 kg
1
vy;=6.0m/s - 6.0 10" kgem/s — 7.5 kgem/s _ 52 kgem/s (a2 mrs
f 12.5 kg 12.5kg

vy;=-3.0m/s

Copyright © by Holt, Rinehart and Winston. All rights reserved.

183. v;,; = 6.00 m/s to the right Momentum conservation
=+46.00 m/s
MV, i+ MyVa i = MV + MV, f
Va,i=0m/s
MV, §— M3V 1.25 kg)(1.09 m/s) — (1.25 kg)(0 m/s 1.36 kgem/
vy, £=4.90 m/s to the left my= ALY SRAL TR ( il )~ 8l ) = g
——4.90 m/s Vi,i— VI, f 6.00 m/s — (—4.90 m/s) 10.90 m/s
va,¢=1.09 m/s to the right my=|0.125kg
=+1.09
m/s Conservation of kinetic energy (check)
my=1.25kg 1 1 1 1
Emp/], 1'2 + Emzl/Z, 1'2 = Emll/l)fz + Emzl/z’fz
2(0.125 kg)(6.00 m/s)” +3(1.25 kg) (0 m/s)* =3(0.125 kg) (~4.90 m/s)”
+5(1.25 kg)(1.09 m/s)*
225]J+0J=150]+0.74]
2.25]=2.24]
The slight difference arises from rounding.
184. m;=2150kg (my+ my)vg—mjvy;
V2,i=
vy,i = 10.0 m/s to the east my
2150 kg + 3250 kg)(5.22 — (2150 kg)(10.0
my=3250 kg vy = 20k 9522 m/y) ~ 2150 kg 10.0 /)
3250 kg
vg=5.22 m/s to the east
S (5.40 x 10° kg)(5.22 m/s) — (2150 kg)(10.0 m/s)
> 3250 kg
V.= 282x10 kgem/s —2.15x 10 kgem/s _ 6700 kgem/s
i 3250 kg 3250 kg
185. m,; =2150 kg AKE= KE;~ K
v1,i = 10.0 m/s to the east KE;=3mu  +5movs, =5(2150 kg) (10.0 m/s)” +5(3250 kg) (2.1 m/s)

=3250k
"2 5 KE;=1.08x10°J+7.2x10°J=1.15x10° ]

vg=>5.22 m/s to the east . L 2
KE;=2(m, + my)vf® =2(2150 kg + 3250 kg)(5.22 m/s)
vy, = 2.1 m/s to the east f= AT TN =S g g

KEp= 3(5.40  10° kg)(5.22 m/s)* = 7.36 x 10*]

AKE=KE;— KE;=7.36x 10" ] - 1.15x 10° ] =—4.1 x 10*]

The kinetic energy decreases by .
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186. m;=15.0g Vaor= MVy,it+ MaVai — Mivyf
vy,i =20.0 cm/s to the e
right =+20.0 cm/s Vyim (15.0 g)(20.0 cm/s) + (20.0 g)(=30.0 cm/s) — (15.0 g)(—=37.1 cm/s)
m,=20.0g % 200g
V2, =30.0 cm/s to the left 3.00 X 10% gecm/s — 6.00 X 10° gecm/s + 5.56 X 10° gecm/s
=-30.0 cm/s Vaf= 200g
vy,£= 37.1 cm/s to the left 256 gecm/s
=-37.1cm/s Vog= 20 8T _[12.8 em/s to the right
T 200g
187. v;,;=5.0m/s to the _ myvy—myvg  (150.0 kg)(=7.00 m/s) — (150.0 kg)(=6.25 m/s)
right = +5.0 m/s = vi-vLi —6.25 m/s — 5.0 m/s
v2,i=7.00 m/s to the ~1050 keem/s + 938 koo —110 kee
left = —7.00 m/s = 050 kgem/s +938 kgem/s 0 kgem/s

vg=6.25 m/s to the left
=—6.25m/s

my=150.0 kg

-11.2 m/s T 112 m/s

188. m,;=6.5x 10" kg
v; =420 m/s
my=1.50x 10" kg
v,=250 m/s

Conservation of Momentum gives:
mvy;+ mavy; = (my + my)vy
Ve MV + mals;

mp+ my

The change in Kinetic Energy is:
AKE= KEj— KE;=~(m; + mywi— (S + Smn?
= KEf— KE;=—(m; + mp)vf™— | —=mv;;~ +—myv
f e R P Lo

M+ movs;\?

2AKE= (m;+ mz)( > = (mﬂ/]iz + m21/2i2)

m1+m2

(my+ my)2AKE=m v, + 2m1m21/21ﬂ/2i+ mo vy = (my + my)myw;?
+ (my+ mp)myv;

2(my+ mp)AKE=2mmyv ;v — mymavy = mymyvs;*
2 2 2
2(my + my)AKE = —mymy(vy; = 2vp00i+ Vo) = —mymy(vy;— v;)
1 mimniy 2
AKE=—— ——— (1/11‘— 1/21‘)
2 mj + my

(6.5 % 10" kg)(1.50 x 10*° kg)
6.5%x 10" kg +1.50 x 10" kg

1
AKE=— E( )(420 m/s — 250 m/s)?

(6.5 % 10" kg)(1.50 x 10"° kg)
2.15x 10" kg

AKE=|-6.6x10']

1
AKE:_E( )(170 m/s)? = —6.6 x 10'® kgem?/s
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189. m;=7.00 kg

vy,i=2.00 m/s to the east
(at 0°)

my= 7.00 kg
vy,i=0m/s

vy,¢=1.73 m/s at 30.0°
north of east

Solutions

Momentum conservation

In the x-direction:

myvy, ;(cos 0y ;) + myv, i (cos 65 ;) = myvy p(cos O ¢) + myv, f(cos 65 r)
v, p(cos 6, p =y ;(cos O ;) + v, i(cos 85 ;) —v; p(cos O p)

z/z’f(cos 0, p) = (2.00 m/s)(cos 0°) + 0 m/s — (1.73 m/s)(cos 30.0°)

vz, £=2.00 m/s —1.50 m/s = 0.50 m/s

In the y-direction:

myvy ;(sin 0; ;) + myv, ;(sin 6, ;) = mﬂ/]‘f(sin )] mzz/z’f(sin 92,f)

v, p(sin € ) =y ;(sin 6 ;) + v, ;(sin 65, ;) — v, f(sin 6, p)

vy, p(sin €5 ¢) = (2.00 m/s)(sin 0°) + 0 m/s — (1.73 m/s)(sin 30.0°) = -0.865 m/s

vy r(sin 6, p)  —0.865m/s

v, f(cos 6, ¢) "~ 0.50 m/s
tan 6, p =-1.7

6 f=tan"'(-1.7) = (6.0 x 10")°
0.50 m/s

v = =1.0 m/S
20 c0s(=6.0 X 101)°

va,¢= | 1.0 m/s at (6.0 X 101)° south of east

Conservation of kinetic energy (check)

%mﬂ/h 2+ %mzvz, 2= %mivl,fz + %mzuz, fz

2(7.00 kg)(2.00 m/s)* +5(7.00 kg) (0 m/s)* =3(7.00 kg)(1.73 m/s)* +3(7.00 kg)(1.0 m/s)*
14.0J+0J=10.5J+3.5]

14.0]=14.0]

190. m;=2.0kg

vy, ;i=8.0m/s
vy ;=0m/s
vy, f=2.0m/s

m11/1, i+ m21/2, i= m11/1)f + m21/2,f

1 2 1 2 1 2 1 2
Emﬂ/]’i +Em21/2,,' —Emﬂ/],f +Em21/2,f

vy T myly,

my=
UV i=Vaf
1mu 2+1 ml’/l,f_mﬂ/l,iy 2_1my 2+1 ”111/1,{—7“11/1,1'1/ 2
MV, i t3 2,i =5;Mivy, 3 2,
V2, i= Vs f f Va3 i= Vs f f

2 2 2 2

vy, i (W i= v P (vy, = vy, i)vp = vy (Vs i— Vo P+ (Vg = vy s f
2 2 2 2 2 2 2

(vi,ivy it vy pvn i — vy ivs i —vif v it v (v — vy )= (v = vr i)
Because v ;= 0, the above equation simplifies to

2 2
v f =i =va (v =)
vy f=vy f+vy;=2.0m/s+8.0m/s=10.0 m/s

_ (2.0kg)(2.0 m/s) — (2.0 m/s)(8.0 m/s) 4.0 kgem/s — 16 kgem/s _ —12 kgem/s

0m/s—10.0 m/s —10.0 m/s —10.0 m/s

my
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2 2
- =0 124 m/
191. r=381lm aczy_t:ﬂ: 4.04 % 103 m/s>
v,=124m/s r 3.8l m
2 2
= v, 75.0 m/s
192. v,=75.0m/s v % _eem
a.=22.0 m/s* a.  22.0m/s -

193.r=89m vy =+Jra.= /(8.9 m)(20.0)(9.81 m/s?) = | 42 m/s

a.=(20.0) g
¢=9.81 m/s*
_ 2 2
194. m=1250kg Fo= m1/_t: (1250 kg) [(48.0 km/h)(1000 m/km)(1h/3600 s)]
v;=48.0 km/h r 35.0m

r=35.0m F.=6350 kgem/s* = [ 6350 N

195. F.=8.00x 10°N Fr  (8.00% 10° N)(0.40 m)
m=— = =|89kg
r=0.40 m l/t2 (60 I‘n/S)2
v,=6.0m/s

196. m=7.55x 10"’ kg mu?  (7.55% 101 kg)(0.173 x 10° m/s)* B
r= = =14.47%x10" m
F, 505 N

v,=0.173 km/s

F,=505N
8
197. m=2.05x10°kg |F.r /(3.oo><109 N)(7378 x 10° m)
V,= _ =
r=7378 km “Nom oV 2.05x 10° kg
F,=3.00x10°N vy=| 1.04 x 10" m/s = 10.4 km/s|

198. m;=0.500 k Nem?) (0.500 kg)(2.50 x 10'* k
! & Fo= G2 :(6.673x10‘“ kn; ) ( (1og())( e 8 _[s34x107N
O X m

my=2.50 x 10'? kg r g

r=10.0 km

Nem?

G=6.673x107"! 7

199. F,=1.636 x 102 N For? 2 9 2
4 = Gg _ (1.636x10 N)(;071><10 m)? L8 107 kg
mj

=1.90x 10*" k Ne
" 8 (6.673><10‘“ knzl )(1.9O><1027kg)
g

r=1.071 x 10° km
Nem

kg2

2

G=6.673x107""
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200.

mp;= 1.00 kg
my=1.99 x 10°" kg

F,=274N

Nem?

G=6.673x107""

Solutions

Nem?
: (6.673 x 10‘“—?)(1.00 kg)(1.99 x 10° kg)
Ul kg =16.96x10®m
VR, 274N

201. m;=1.00kg 5
_11 Nem k 31
my=3.98% 10° kg 6.673x 107" ———|(1.00 kg)(3.98 x 10°" kg)
? _ Gy kg ~[1.10x 1012
-3 - = =3 i m
Fe=219x107°N F, 2.19%x10° N
_HN-m2
G=6.673% 10 >
kg
202. m=8.6x10" kg ; 10" m)?
T IOX m
- 5 T=2n,/—=2x =[12%10°m
=1.3Xx10"m 6.673x 107" —— (8.6 x 10~ kg)
G= 6.673 1(3‘“ h &
Nem“/kg T=12x10"s =|34h
3600 s
203. m=8.6x10"kg Nem?
X 6.673x 1071 =21|(8.6 x 102 kg)
r=1.3><108km Gm kg
_ Vv,= |—=
=13X10"m Ty . (1.3% 108 m)

G=6.673x107""
N-rn2/1<g2

V= 6.6 % 10° m/s = 6.6 km/s |

204. F,,,,=2.27x10° Nem Fppan?
Tnax = Finaxd = >
r=0.660 m
1 2.27x 10° N « m)(0.660 m

d=3r Toax = ( : X ) [749%10"Nem
205. 7=0.46Nem 7T 046Nem

F=053N F(sin &  (0.53 N)(sin 90°)

0=90° d=

206. m=6.42x 107 kg Neom?
> 16673 x 1071 =5 |(6.42 x 107 kg)[(30.3 h)(3600 s/h) 2
T=30.3h = GmT” _ 3 kg
G=6.673x10""! an’ 4r?
Nem?/kg?
r=129% 102 m>={2.35x 10" m=2.35x 10* km
207. d=1.60m T 4.00x10° N em

7=4.00x10° N em
0=80.0°

d(sin 6)  (1.60 m)(sin 80.0°)

208.

r=11m

v,=1.92% 1072 m/s

2 —2 2
v 1.92x 10" m/s _
a.=— _ (192X 10 m/s)” 3.4x107° m/s”
11 m

r
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209. 1,=0.35m/s

a.=0.29 m/s>

Solutions

v2  (0.35m/s)?
r=—=—"——>-=[042m=42cm
0.29 m/s

ac

210. a,=g=9.81 m/s*
r=150m

vy=+Jrac=/(150 m)(9.81 m/s”) = | 38 m/s

211. r=025m
v;=5.6m/s

m=0.20 kg

2 2
Vi (5.6 m/s)
F.=m—=(0.20k 7:-25N
¢ r ( g) 0.25 m -

212. m=1250kg
r=35.0m
0=9.50°
g=9.81 m/s”
U= 0.500

F = Fy + mg(sin 6) = uF,, + mg(sin6) = yymg(cos 6) + mg(sin 6)
F=(0.500)(1250 kg)(9.81 m/s®)(cos 9.50°) + (1250 kg)(9.81 m/s>)(sin 9.50°)
F=6.05%x10° N +2.02x 10° N

F=[8.07x10°N

Fc=F=8.07x10°N

B [8.07%10° N)(35.0m)
e m \/ 1250 kg

vy=| 15.0 m/s = 54.0 km/h |

213. F,=277x10°N
r=250x10"m
my =157 kg

Nem?

kg2

G=6.673%x107""

For? (2.77 x 107 N)(2.50 x 1072 m)?
g
my= = = -165 k
? Gm; g

Nem?
6.673x 10711 2 )(157 ke)
kg2 g

214. m;=2.04x 10" kg
my=1.81x 10" kg

r=1.5m

Nem?
G=6.673x10""1—
kg

U UL ~11 Nem”
Fo=G —5= =[6.673x 10 5
r kg

(2.04 % 10% kg)(1.81 x 10° kg)
=|0.11N
(1.5 m)z

215. r=3.56x 10° km
=3.56x 108 m

m=1.03x10"°kg

G=6.673x107""
Nem?/kg’

/ 3.56 x 10° m)®
T=2m i:Zn: ( m)
Gm m2
2

No
(6.673 X 10‘“k—)(1.03 x 10%® kg)
g

T=5.09%10"s
360

1h
): 141 h
0s

216. r=3.56x 10° km
=3.56 x 108 m

m=1.03x10"°kg

G=6.673 x107!!
Nem?/kg?

Nem?
(6.673 x 10711 k—r?)(l.os % 10% kg)
g

Gm
M T

v=[4.39 % 10> m/s = 4.39 km/s |

(3.56 x 108 m)
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217. m=1.0 x 10%°kg L \3/GmT2 _ \3/(6.673 x 10”1 Nem?/kg?)(1.0 x 102 kg)[(365 days)(24 h/day)(3600 s/h)]
2 2
T'=365 days ar 4r
_ —11
g‘rfli%;zx 10 r=[55%10° m=55x 10" km|
218. 7=14Nem F= T B 14Nem
d=0.40m ~ d(sin6)  (0.40 m)(sin 60.0°)
6= 60.0° F=
219. F=40N Tynax 18 produced when 6 = 90°, or
d=0.40m Tonax = Fd = (4.0 N)(0.40 m) =
220. 7=825x10°Nem P 8.25x10° Nom
F=587N ~ Esin6) (587 N)(sin 65.0°)

6=65.0° d:

Fluid Mechanics

221, pyyiine = 675 kg/m’ Pgasoline _ M
Pgasoline gm Fp= Fg B = 2 Pgasoline = Vg Pgasoline
V,=1.00 m’ Ps s

g=9.81 m/s> Fg=(1.00 m®)(9.81 m/s*)(675 kg/m’) = | 6.62x 10° N

222, p,=2.053 x 10*kg/m’ Fp= Fg— apparent weight
V,=(10.0 cm)? Fp= m,g— apparent weight = p,V,g — apparent weight
¢=9.81 m/s> Fp=(2.053 x 10* kg/m®)(10.0 cm)*(1072 m/cm)*(9.81 m/s*) — 192 N =201 N— 192 N

apparent weight =192 N Fp=

223. m,=1.47x10%kg Fp=Fg=myg
Ap=2.50 X 10° m? Fp=(1.47 x 10° kg)(9.81 m/s*) = 1.44 x 10’ N
— 3 3
Pay=1.025x10"kg/m volume of hull submerged = V= Dow - ™
g=9.81 m/s Psw  Psw
Vo
Ay ApPsy

1.47 x 10° kg
h= =|0.574m
(2.50 % 10° m?)(1.025 x 10° kg/m°)
2
224. A=154m F=PA=(1.013x 10° Pa)(1.54 m?) = | 1.56 x 10> N

P=1.013x10° Pa
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225, P=1.50x 10° Pa
F=122%x10*N

Solutions

F  122x10*N —~—
A= —=—"""——=1813x10"m
P 1.50x10°Pa

226. h=760 mm
p=13.6x10 kg/m’
g=9.81 m/s?

F - mg mgh mgh
A A Ah VY

P=(13.6 x 10° kg/m®)(9.81 m/s?)(760 X 107> m) = | 1.0 x 10° Pa

=pgh

227. V=166 cm’
apparent weight =35.0 N
P,y =1.00% 10 kg/m’
g=9.81 m/s*

Fy= Fp+ apparent weight
Posmium Ve = PwVg+ apparent weight

apparent weight

Posmium = Pw T Ve

350N

um = 1.00 X 10° kg/m’+
Posmium 8 (166 cm3)(10_6 mS/cm3)(9.81 m/Sz)

Posmium= 1.00 x 10” kg/m’+ 2.15 x 10* kg/m’

Posmium= | 2.25 X 104 kg/m3

228. V=25x10" m’
apparent weight=7.4 N
pyw=1.0x10 kg/m*
¢=9.81 m/s*

F,= Fp+ apparent weight
pebonyvg = png + apparent weight

apparentweight

Ve

Pebony=Pwt

74N

=1.0x 10° keg/m>+
Pebony § (2.5% 107> m>)(9.81 m/s2)

=1.0 X 10° kg/m’+ 3.0 x 10% kg/m>

Pebony=| 1.3 % 10° kg/m’

229. m=1.40x10’kg
h=0.076 m

Pice=917 kg/m®

P1=P2
F, B
A A

ﬂg — Mjce§ — micehg _

=p.h
A] AZ Vice plCeg
m 1.40 x 10° kg —
Picch (917 kg/m?)(0.076 m)
230. F;=4.45x 10N Pi=P,
h; =448 m F_F
h,=8.00m Ar A

Fihy  Fihy  Fhy,  Fh,
Ahy Vo Ak, V
_ Fjh; (445%10*N)(448 m)

h, 8.00 m

F,=|249%10°N

F,

Holt Physics Solution Manual
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231. pPplatinum=21.5 g/cm3
P =1.00 g/(:rn3
apparent weight =40.2 N
g=9.81 m/s>

Heat

Solutions

F,= Fp+ apparent weight

mg= p,,Vg+ apparent weight = pW<L)g + apparent weight
Pplatinum
Pw | _ .
mg| 1 ——————| = apparent weight
Pplatinum
_ apparent weight 40.2N
1.00 g/cm’
g(l - L) (9.81 m/sz)(l -y Cm3)
pplatinum 21.5 g/cm
40.2N 40.2N

(9.81 m/s5)(1—0.047)  (9.81 m/s?)(0.953)

232. T,=463K
T2 =93 K

Tep=(T—273)°C = (463 — 273)°C = | 1.90 x 10* °C
Tep=(T—273)°C = (93 —273)°C=|-180 x 10> °C

233. T,=463K
T2 =93K

9 9 5
Tp;=— Te;+32=— (1.90 X 107)°F + 32°F = 342°F + 32°F = | 374°F
b= 2 Tor+32= 2 (190109

9 9 5
Try= —Teo+32= = (—1.80x 10°)°F + 32°F = —324°F + 32°F = | —292°F
b= ST 2=

234. Ty =—-5°F
TEf:+ 37OF

5 5 5
Tei = E(TF, . —32)°C= 5(—5 —32)°C= 5(— 37)°C=-21°C

5 5 5
Tep= 5(TF,f— 32)°C= ;(37 —32)°C= 5(5)°c =3°C

AT= (TC,f +273 K) - (TC,i +273 K) = Tc’f— TC,i

AT=[3—(=21)] K =
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235. h=9.5m APE+AKE+AU=0
g=9.81 m/ s The change in kinetic energy from before the acorn is dropped to after it has landed
i ,as is PEg
AU,y = (0.85)AU is zero, as is PEs
1200 J/kg APE+AKE+AU= PE; - PE;+ 0+ AU=—-PE; +AU=0
"= o AU= PE; = mgh
AU o= (0.85) AU= (0.85) mgh
AT= AUgcorn _ (0.85mgh _ (0.85)gh
k k (k/m)
0.85)(9.81 m/s*)(9.5
ar= OBOB MO M) _Fods 57 ec
1200 J/kg
1.0°C
236. vy =0m/s APE+AKE+AU=0
v;=13.4m/s The bicyclist remains on the bicycle, which does not change elevation, so APE=0J.
AU=5836] AKE= KE; - KE;= 0 —smv{ =AU
2AU  (2)(5836])
m= =—— 5 =650 k
1/,-2 (13.4 m/s)2
237. 1;=20.5m/s APE+AE+AU=0
vp=0m/s The height of the skater does not change, so APE=0].
1 2
m=614kg AKE:KEf—KEl :0—571’11/1'

AU=—AKF=—(=3mu}) =3(61.4 kg)(20.5 m/s)? =

238. m,=0.225kg

= —7
Cpe=2.2% 10°J/kg ® °C mAT,
Q=—39x10] AT= Q _ —3.9><1043] :
micy,  (0.225kg)(2.2x10° J/kg @ °C)
239. ¢,;, =121 ]/kge °C - Q
Q=25] P, AT,

b= YT AT, (121)/kge °C)(5.0°C) | g

240. m,=0.250 kg —=Cpam AT, = ¢pmy, AT,
m,, =1.00 kg S pwmwATy, (4186 J/kg e °C)(1.00 kg)(1.00°C)
AT, =1.00° C b mAT, (0.25 kg)(~17.5° C)

AT,=-17.5°C ¢pa=| 957 /kg e °C

Cpw =4186 J/kg e °C

241. Tp=2192°F 5 5 5
F T =§(TF - 32)°C:§(2192 —32)°C=§(2.160 x 10%)°C

T =|1.200x 10°°C

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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243. T=42°C

Solutions

T=(T+273)K = (42 +273) K =

244. AKE=2.15x10*]
AU,;,=33%AKE
APE=0]

APE+AKE+AU=0
APE + AKE — AUStiCkS -A Uair =0

AUgjcks=AKE - AU, = AKE— 0.33AKE = 0.67AKE

AUy =0.667(2.15x 10 J) = [ 1.4 x 10%]

245. h=561.7m

APE=AKE+AU=0

AU=105] When the stone lands, its kinetic energy is transferred to the internal energy of the
g=9.81m /2 stone and the ground. Therefore, overall, AKE=0 ]
APE= PEf~ PE,=0— mgh=—AU
AU 105] 5
m=— = =191x10 “kg=| 19.1
gh  (9.81 m/s*)(561.7 m) 8
246. m=25kg AU =KE; = %mv,»z =%(2.5 kg)(5.7 m/s)> =417
v;=5.7m/s

3.3%10° ] melts 1.0 kg
of ice

417)(1.0 k
ice melted =L5g) =[12x107* kg
3.3x10°]

247. m; =3.0kg

m,, =5.0 kg
AT, =225°C
AT; =-29.6°C

Cpw =4186 J/kg @ °C

=, imiATi= ¢y AT,
o oMy AT, _ (4186 J/kg e °C)(5.0 kg)(2.25°C)
b mAT; (3.0 kg)(=29.6°C)

¢pi=| 530]/kge °C

248. Q=45x10°]
AT,=55°C
¢pa=1.0x10"J/kg e °C

Cha= Q
Pa AT,

Q 45x10°]
my= = =820k
‘0 AT, (1.0x10° J/kge °C)(55°C) *

249. ¢,,=140]/kge °C
m;=0.23 kg
Q=-3.0x10%]

Thermodynamics

C. = —
P AT, \
Q -3.0x10%]
ATi= = ={-930°C
" micy, (0.23kg)(140 J/kg e °C)

250. P=2.07x 10’ Pa
AV=0.227 m’

W=PAV=(2.07x 10" Pa)(0.227 m®) = | 4.70x 10°
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251. W=3.29x10°] W 3.29%x10°] 5
P= — =" —150x10°Pa=|1.50 kPa
AV=2190 m? AV 2190m’
252, W=472.5]

P=25.0 kPa=2.50 x 10* Pa

W 4725] -
AV= —=—""—=[1.89x 107 m
P 250x10*Pa

253. AU=873] AV=0,50 W=0]
AU=Q-W
Q=AU+ W=873I+O]=
254. U;=39] AU=Up-Ui=Q-W
Ur=163] W=Q-AU=Q~ (Us- Uj)=Q~ U+ U;
Q=114] W=114]-163]+39]=| -10] |
255. Q=867] AU= Q- W=867]—623J:
W=623]
256. ¢ff=0.29 W= eff Q= (0.29)(693 ]) =
Qu=693]
- W, 998
W, =998 ] eof O
258. Q,=571] Q. 463 ]
—1- =to1- 22 _1_0811=] 0.189
] of=1- o =1- 5
Q.= 463]
250, W=13]

AV=54%x10"4m’

w 1.3] s
P=— =—" " -24x10°Pa=|2.4kPa
AV 54x10 7 m’

- w 393
260. W= AV
P=655kPa=6.55x 10° Pa L
261. U;=8093 ] AU=Up-Uj=Q-W
Up=2.092x10*] W=Q-AU=Q— (U~ U) = Q- Up+ U
Q=6932] W=6932] —2.092 % 10% ] +8093 ] =
262. W=1921kJ AU=Q-W
AU=786K] Q=AU+ W=786k] +192 k] = | 978 kJ
263. Q=06321J AU=Q- W=632k]—102k]=5.30><102k]:
W=102k

V Apx 1-42 Holt Physics Solution Manual
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264. ¢ff=0.35
Q,=7.37%10%]

Solutions

Wier = eff Q= (0.35)(7.37 x 108 J) =

265. ¢ff=0.11
Wi =1150]

Wyee 11507 I
= T —11.0x10%]
o=~ =]

266. W,,=128]
Q,=581]

Vibrations and Waves

Wy  128)
Q, 581J

eff= 0.220

267. k=420 N/m

x=43%107m

Fotastic = —kx=—(420 N/m)(4.3 x 1072 m) =

268. F,=—669 N

x=-6.5%x107%m

Fnet:():Felastic+Fg:_kx+Fg
Fo= ks

F. —-669 N
k= _‘?:7_2: 1.0 x 10* N/m
x —65%X10"m

269. F,,;.=52 N
k=490 N/m

Felastic=—kx

Felastic 52N
X=— =— =—0.11lm=| -11cm
F = o

270. L=1.14m

L
T=27Z'\/:
g

T=3.55s
T2 = 4’ L
4
47 L (ArH(1.14m) 5
= = =| 3.57m/s
=TT Ty
271. f=25Hz . zﬁ\ﬁ 1
2 = _ = -
g=9.81m/s ¢ f

g 9.81 m/s> -
I=—S5= 5 —= =| 40x10 " m
an’f T (arhH(25s7h

272. 1=6.200m
¢=9.819 m/s’

L | 6.200m
T=27 |- =27 [———— = 4993
\/; 9.819 m/s*

Section One—Student Edition Solutions
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273. L=6.200m 1 1
f=== =| 0.2003 Hz
T 4993

¢=9.819 m/s*
274. k=364 N/m m | 24kg
T=2r |— =21 7=-1.6s
m=24kg \/; 364 N/m -
275. F=32N F=mg
T=042s F 32N
B 5 m=—-=———=33kg
g=9.81m/s g 9.81m/s
T= 27r\/E
k
T2 = 47’ m
k
L 4m’*m  4m’F 477 (32N) N/
= = = = m
T? ¢T?  (9.81m/s?)(0.425)°
276. T=0.079 s -
k=63 N/m = 2”\/;
Tz_ 47[2 m
k
kT> (63 N/m) (0.079 s) =
m:_zz( m)(z S - 1.0x 10 2 kg
ir ir

5
277. f=2.8x10° Hz v=fA=(2.8x10°Hz)(5.1x 10 m) =| 1.4x 10’ m/s

A=051cm=5.1x10"m

278. f=20.0Hz v=fA
v=331m/s v 331m/s
A=-= =|16.6m
7= 200w, - Lsem]
279. A=1.1m v=fA
v=2.42x10*m/s v 2.42%10*m/s 1
f: —_=—=| 2.2%X 10" Hz
A 1.1m

280. k=65N/m Funstic = —kx=—(65 N/m)(=1.5 x 10~ m) =

x=-1.5x10""'m

281. F,=620N Fpier=0= Fpaggic+ Fo=—kx+ F,
x=72%1072m Fy=kx

Fg 620 N 3
k=~ =——— —={86x10°N/m
X 7.2 X10 “m

V Apx |1-44 Holt Physics Solution Manual
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282. m=3.0kg Frier=0= Foagtic+ Fg=—kx—mg
g=9.81 m/s’ mg=—kx
k=36 N/m mg  (3.0kg)(9.81m/s?)

TR T 36 N/m —-082m=[ -82cm]

283. L=2.500 m

L | 2.500m
2 T=2x |-=2n |——=|3.177s
g=9.780 m/s \/; 9.780 m/s”

284. =0.50 Hz \/L .
T=2r |-=-
g=9.81 m/s’ ¢ f
1 4n’L
g

2
g 9.81 m/s
L= = =0.9m= -99 cm
47[2]62 (4”2)(0.50 5—1)2 -

285. k=2.03x 10° N/m m
T=2r |—=
f=0.79Hz k

k 2.03 x 10° N/m
m=—s—5= 5 =1 82kg
Ar“f (477)(0.79 Hz)

286. f=87N

2m\2 [ f\[27x)\? 87N 2 \?
B k=l ZZ) = (L) 2E) = (22 ) (22 ) = [ss0 N/
T=0.645 m<T> (g)(T) (9.81111/52)(0.645)
¢=9.81m/s’
287. m=8.2kg m 8.2kg
288. 1=10.6m v=fA

v=331m/s v 331m/s
=—= =[31.2Hz
f A 10.6 m

289. 1=23x10*m v=fA=(0.065 Hz)(2.3 x 10* m):

f=0.065 Hz
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5 . p
290. P=5.88x 107" W Intensity= —
4
Intensity = 3.9 X 107 W/m? S
r_\/ P _\/ 588X 10° W
(47)(Intensity) (47) (3.9 x 107° W/m?)
291. P=35W 2 35W 5
Intensity= — = —— 5 = .1 W/m
r=0.50 m Y= am? T 4m (050 m)?
292. Intensity=4.5 X 1074 W/m2 . P
Intensztyz—72
r=1.5m ar
— 4P L 2 —4 2
P=4nr" Intensity = (47) (1.5 m)” (4.5x 10" W/m”)
293. n=1 nv
fn: ﬁ
v=499 m/s
L=0.850 m (1)(499 m/s)
=—— = | 294Hz
fi= omm
294. n=1 v (329 m/s)
L=n—=(1)———=0.420 Hz
fn=f1=392HZ 2f 2(3925 ) -
v=329 m/s
nv
295. n=7 = —
=17
fizaco2tiz f, | (@)(1.53m)( )
4 Lf, 4)(1.53 m)(466.2 Hz
L=1.53m v= " = 7 =| 408 m/s
nv
296. n= -
In= 57
fim et fy _ (2)(132m)(125 Ho)
2Lf,  (2)(1.32m)(125Hz
L=132m v= Y = ] =| 330 m/s
3 . p
297. P=157x10"W Intensity =——
4
Intensity =5.20 X 10 W/m? 3
- / P _\/ 157X 10° W
V (47)(Intensity) (47)(5.20 X 107> W/m?)
r=10.155m
. -8 2 . p
298. Intensity=9.3x10"" W/m Intensity= —
4’

r=0.21 m

P=4m Intensity = (47)(0.21 m)? (9.3 x 10~ W/m?)

P=|52x10°%W

V Apx 1-46 Holt Physics Solution Manual
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nv
299, n=1 =—
Jn 4L
f=392.0 Hz 0 o
nv 1)(331 m/s
_ L=—=—"t"""""" —021lm=|2Ll.1cm
=331 m/s 4](” (4)(3920 HZ)
nv
300. n=1 =—
Ta 71
f,=370.0 Hz " o
nv 1)(331 m/s
_ L=—=—"———""=0447m=| 44.7 cm
v=331m/s 2f, (2)(370.0 Hz)

Light and Reflection

301. /=7.6270 x 10° Hz
A=3.9296x 107" m

c=fA=(7.6270x 10® s71)(3.9296 x 107! m) = | 2.9971 x 10® m/s

The radio wave travels through Earth’s atmosphere.

302. 1=32%x107m

8
¢ 3.00x10°m/s
feo == 9.4x10"°Hz
A 32x10" m

303. /=9.5x 10" Hz

8
¢ 3.00x10°m/s _7
l:;(:W:S.ZXIO m=| 320 nm

304. f=17cm 1 1 1 1 1 23cm-17cm 6 cm
4=23 cm p f g 7em 23am  (17em)(23cm) (17 cm)(23 cm)
305. f=17cm , qh (23 cm)(2.7 cm)
W=-—= ——:_0.96cm
g=23cm P 62 cm
h=2.7 cm
. f=9. 1 1 1 1 1 _ _ _
306. /=950 cm —=—--= - =0.105 cm ™! — 0.0645 cm ™! = 0.0405 cm ™!
g=15.5cm p f q 95cm 155cm
307. h=3.0cm , qh (15.5 cm)(3.0 cm)
W=-te— = | —19cm
, o
308. h=1.75 W
m M=L-_4
M=0.11 h o p

q=—42cm=-0.42m

h’:Mh:(O.ll)(l.75m)=

309. M=0.11
q=—42cm=-0.42m

Section One—Student Edition Solutions

V Apx I-47



Givens Solutions

310. f=-12cm 1111 I _ 0083 011l _ 0028
g=-9.0 cm p f g -12cm —90cm lcm lcm lcm
311. f=-12 9.0
f cm Mo 3 _%0cm :
g=-9.0 cm p 36 cm
312. p=35cm o1tz 1
g=42 cm f p q R 35cm 42
1 0.029 N 0.024  0.053
f lecm lcm lcm
(o]
313. p=35cm 2 1
q=42 cm R f
R=2f=(2)(19cm)=[ 38 cm |

314. f=60.0cm 1111 1 00167 00286 —0.0119
p=35.0cm q f p 60.0cm 350cm 1 cm 1cm lcm
315. g=-84.0 -84.0
o=t N
p=350cm p 35.0 cm
316. g=-52cm P11 110059 019 013
p=17cm f p g 17cm -52cm lcm lcm lcm
-

V Apx 1-48 Holt Physics Solution Manual
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317. g=-52cm
p=17cm
h=3.2cm

Solutions

, qh (=5.2 ¢cm)(3.2 cm)
H=—-—=-———"—"——=/098cm
; o

318. 1=5.291770x 10! m

8
c 3.00 X 10° m/s

f=== —— =1 5.67x 10" Hz
A 5291770107 ' m

319. f=2.85x10° Hz

8
¢ 3.00x10°m/s
A=-=

7 2T 0105 m= 105 em

320. f; = 1800 MHz = 1.8 x 10° Hz
f,=2000 MHz = 2.0 x 10° Hz

8
¢ 3.00x10°m/s
A =—=7=0.17m=-17cm
T 18x10%s!

8
¢ 3.00x10°m/s
Ah=—=————=0.15m= -lScm
2T 20%x107s7T

321. f=32.0cm

You want to appear to be shaking hands with yourself, so the image must appear to
be where your hand is. So

» 1 1+ 1 2
:q - = — —- = —
foroa p

p=2f=(2)(32.0 cm) =

322, p=5.0cm A car’s beam has rays that are parallel, so q = oe.
1 1 1 1 1 1 1
Z=—=0 = 4i=-40==
q frapr p
f=p=5.0cm
2 1 1 1
—_—=—t—_—=—
Rpaf
R=2f=(2)(5.0cm)=|1.0x 10" cm

323. p=19cm 1 1 1 1 1
— =t -= +

g=14cm f q 19cm 14cm

10053 0071 012
f_ lem  lem  lem
f~[szen]

324. f=-27cm
p=43cm

1 1 1 1

1 _—0.037 0023 _ -0.060
q f p —27cm 43cm
q

1cm 1cm

1cm
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325. g=-17cm q —17 cm
M=-2=_ =[0.40
p=43cm p 43 cm
326. f=-8.2cm 1 1 I 1 1 -0.122  0.056 -0.18
p=18cm q f p —-82cm 18cm 1 cm lem lcm
-
327. f=-39cm 1 1 1 1 -0.026 0062 —0.088

p=16cm

| —

q_f p_—39cm_16cm_ lem  lecm 1 cm

q=|-11cm

328. h=6.0cm

) I
=

M= —=—=
hp

h —11 6.0
e dh_ _Mz

p 16 cm

329. f=1.17306 x 10" Hz
A=2.5556%x 10" m

c=fA=(1.17306 X 10" s71)(2.5556 x 107> m) = 2.9979 x 10° m/s

330. f=2.5x10'"Hz

8
¢ 3.00x10°m/s
Az}__iZS o051 =12x102m= -1.2cm
X

331.p=300cm=3.00x10>cm 1 _1 1 1 1
£=30.0cm q f p 30.0cm 3.00x10*cm
1 0.0333  0.00333  0.0300
q 1cm 1 cm 1cm
-
332. f=-63cm 1 1 1 1 1 0159 0.196  0.037
g=-5.1cm p f q -63cm -5lcm lcm lcm lcm
333. p=27cm —-q —(-5.1cm) -
q=-5.1cm p 27em
Refraction
334. 0,=35° 6= sin”! n,(sin 6,) in! (1.553)(sin 35°) | 630
;= P = =
n,=1.553 n; 1.000
n;=1.000
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335. 6,=59.2°
n,=1.61

n;=1.00

Solutions

i(sin 6) | . _4|(1.00)(sin 59.2°) N
ny(sin }=sm 1{ 1516n1 }:

-
6,=sin
1y

336. c=3.00x 108 m/s
r=1.97%10% m/s

8
¢ 3.00x10°m/s -
n=—=—7F5—= 152
v 1.97x10%m/s -

337. f=-13.0cm m=-1
p
M=5.00 q=-Mp=—(5.00)p
1l 1 11 5004100 400 _ 400
f p g p -(500p  —(500p  —(5.00)p (5.00)p
m= o4
hp
(4.00)f  (4.00)(=13.0 cm)
= = =|-10.4
338. h=18cm M= E _ —-9.0cm _
W =-9.0cm h 18 cm
f=6.0cm
339. h=18cm Mm=_4
H=-9.0cm
f=60cm q=—-Mp=—(~0.50)p=(0.50)p
L U S R WO . 1 150 30
f p aq p (050)p (050)p (0.50)p (0.50)p p
p=(3.0)f=(3.0)(6.0 cm) =
340. M=-0.50 4=—Mp=(0.50)(18 cm) =
p=18cm

341. 6,=37.8°
n,=1.00

. nr
sin 6, = —
nj

n, 1.00
nj=——=———=|163
" sin 6, sin37.8° -

342. n;-=1.766 . n,
sin 6, = —
n,=1.000 n;
n 1.000
.= sin” || = sin7!|——| = | 34.49°
‘ (n,») 1.766
343. n;=1.576 sin 9, =
ni
n,=1.000 n 1.000
.= sin"| | =sin{—| =] 39.38°
‘ n; 1.576
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344. 9,=35.2° . .
. _1| n;(sin 6)) . _1] (1.00)(sin 35.2°)
6, =sin"!|— Y| =sin =|17.6°
n;=1.00 P g 1.91
=191 1| misin 6) (1.00)(sin 35.2°)
6,,=sin | —"—| = sin™! = -20.3°
1,,=1.66 ' nr2 1.66

345. 0,=33° . _1| n-(sin 6,) . _1| (1.555)(sin 33°)
0-: _— = —_— | = 580
= sin [ a1 (LI

n,=1.555 n;

n;=1.000

346. 9,=39.18° sin @, = =

nj

n,=1.000 n, 1.000
nj=——=———=|1.583
" sinf, sin39.18 -

347. p=44cm DL, L_ 110023 0071 _ -0.048
g=-14 cm f p gq 44m -l4cm lcm lcm lem
p=15em f=[21em]

348. p=44cm g
q=-14cm h p

_ h (—14 cm)(15 cm)
h=15cm [ L S iAo A PP
; Fr

. p= 1 1 1 1
349. p=4m —=—+—,butfzp,so—=O.Thatmeansq=
f=4m fr q q
350. p=4m M:_g:_i:
f=4m p 4m
The rays are parallel, and the light can be seen from very far away.
. nr
351. n;=1.670 sin 6, = —
n;
0,=62.85°
‘ n,= nysin ) = (1.670)(sin 62.85°) = | 1.486
8
352. ¢=3.00 x 10° m/s g £ 300107 mfs Mo
3 v 2.07x10% m/s
v=2.07x10" m/s
8
353. ¢=3.00x 10° m/s g £ 30010 m/s P
v 1.95%10° m/s

r=1.95x 10° m/s

354. p=0.5m

+

= |

1
p

pzﬁsogzo,andqz

-

f=0.5m
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355. f=3.6cm 11 11 1028 0066 021
g=152cm p f q 36cm 152cm lcm lcm lcm
356. g=-12cm 1 1 1 1 1 [-0.023) (-0.083| 0.060
f=—44cm p_f q_—44cm -12em | 1em lem | lem
357. 6,,=35.3° sin 6, = —
n;
0,,=33.1° n, 1.00
n=— =———=|173
n,=1.00 sin §.;  sin 35.3°
n, 1.00
ni»= —; == 1.83
" sin@,, sin33.1°
. n,
358. n;=1.64 sin 6, = —
n;
0.=69.9°
‘ n,=n;(sin 6,) = (1.64)(sin 69.9°) =
Interference and Diffraction
359. 1=5.875x10" m mA  2(5.875x 107 m) o
d=—C="""" 7~ -518x10"'m
m=2 sin@ sin (0.130°)
6=10.130° d=|0.518 mm
360. d=8.04x10°m d(sin 6)  (8.04x 10°m) sin (13.1°
g-Aenb)_ m)sin (31 _ ¢ 67 %107 m

m=3

6=13.1°

m 3

361.d=220x10"m
A=527x 10" m

m=1

0= sin"\(mA/d)

0=sin ' [(1)(5.27% 107 m) + (220 x 10 4 m)] =

362. 1=5.461 x 10’ m
m=1

6=175.76°

g (1)(5.461 x 10”" m)

== - =5.634x10" m
sin 6 sin (75.76°)

d=5.634% 10" cm

#lines/cm = (5.634 X 10> cm) ™ = | 1.775 % 10* lines/cm

363. 3600 lines/cm
m=3

0=76.54°

d(sin ) (360 000 m)”'sin (76.54°)
m 3

A= =19.0x107=9.0x 10> nm
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364. 1950 lines/cm m=1: 6; =sin"' (mA/d)

A=4973x10" m 0, =sin"'[(1)(4.973 x 107 m) + (195 000 lines/m) "]

365. 1950 lines/cm m=1: 6, =sin" (mA/d)

A=4973% 10" m m=2: 0, =sin"[(2)(4.973 % 10~/ m) + (195 000 lines/m) "]

366. d=3.92x10°m d(sin ) (3.92%10°°m) sin (13.1°
A= (in6) _ € m) sin (13.19 =4.44x 107 m
m=2 m 2
Ao 1 1 o
367. A1=430.8 nm m+2 Y 1+£ (430.8 % 10~ nm)
d=0.163 mm 6 =sin"! =sin"! =
d 0.163%x 10> m
m=1 .
6 =sin"1 0.00396 = |0.227°
368. 1=656.3 ! ! 9
» A=0656.5 nm m+£ A 3+5 (656.3 % 10~° m)
m=3 d . = ,
sin 6 sin 0.548°
0=0.548° —~
d=]240x " m=0.240 mm |
369. 1=4.471x10" m mA  (1)(4.471 x 107 m) =
d=—72 = - =6.920% 107 m
m=1 sin @ sin (40.25°)
0=40.25° d=6.920x10" cm

#lines/cm = (6.920 X 10~ cm)™ = | 1.445 x 10* lines/cm |

370. 9550 lines/cm - 1 4.58°
A= d(sin 6) _ (955000 m) sin (54.58°) _ |4.27 <10~ m =427 nm
m=2 m 2
0=54.58°

Electric Forces and Fields

371. g;=-53uC=-53%x10"°C kedigz

. electric:T
=+53UC=53x10"°C
(8.99 % 10° Nem?/C?)(5.3x 107° C)?
(4.2% 1072 m)?

Fojectric= | 140 N attractive

r=42cm=42x10"7%m

Felectric =

ko=8.99 x 10° Nem?/C?
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372. q,=-8.0x107°C
g=+8.0x107C
r=2.0x10"2m

kc=18.99 % 10° Nem?%/C?

Solutions

F _ kca192
electric = 1’2

(8.99 x 10° Nem?/C?)(=8.0 x 10~ C)(8.0 x 107 C)
(2.0x 1072 m)?

Felectric=

—3
Felectric=| 14X 10 "N

373. r=65x10 'm
Fytecric=9.92X 1074 N
ke =8.99 x 10° Nem?/C?

7 _ketia> _ keao
electric— 2 = 7

.
M _ \/(9.92 x 1074 N)(6.5x 107! m)?
ke 8.99 % 10° Nem2/C?

g=|22x107""C

374. ;=-130x107°C
4=—-1.60x107°C
Felectrie=12.5N
kc=18.99 % 10° Nem?%/C?

kcaiqz

Felectric =
T2

\/ququ /(8.99 % 10° Nem?/C?)(=1.30 x 10~ C)(=1.60 X 10 C)
‘r: =
Felectric \/ 125N

r=0.387 m=

375. q;=q>=q3=4.00x107°C

ke =8.99 % 10° Nem?/C?

rZ,I = 7’2,3 =4.00 m

(4.00% 1077 C)?

k
Fip=—CL%2 _ (3,99 % 10° Nem¥/C?) .
r (4.00 m)

F;,=5.99x 107° N to the right, F;,=5.99 X 107" N

q243

-9 )2
Fp3= ke = (8.99x 107 Nem?/c2)&00x 10~ €7
r

(4.00 m)?

F1,=5.99% 10" N to the left, F;;=-5.99x 107 N

Fppr=Fpp+ F3=5.99%x 10 N =599 107 N =[0.00 N

376. q,=1.60x10"°C
rg1=121=152x10"m

kc=18.99 % 10° Nem?%/C?

Pp=4q91=42=93= 44
r3=+/(1.52x 107 m)? + (1.52x 10 m)*=2.15x 107 m

keap®  (8.99 % 10° Nem?/C?)(1.60 x 107 C)? 1
21= ——7 = —— =9.96x 107N

21 (1.52 X 10 m)

keap®  (8.99 % 10° Nem?/C?)(1.60 x 107 C)? i
Fyp=—7= ——— =4.98x107'N

731 (215 X 10 m)

ked’p  (8.99 % 10° Nem?/C?)(1.60 x 107 C)? 1
Fyj=——= —— =9.96x10"'N

4,1 (1.52%x 107" m)

o (152x1077m|
p=tan |[—————5—|=45

1.52x 10 m

Fyp Fe=0N

F,=9.96x10"''N
F3 1 F= F3 ; cos 45° = (4.98 x 107" N)(cos 45°) =3.52x 107" N
F,=Fjsin 45° = (4.98 x 10~"" N)(sin 45°) =3.52x 10~ ' N
FypFo=9.96x107''N
F,=0N
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Ferr=ON+3.52x 1071 +9.96x 107" =135 x 1071°N

Fuior=9.96x 107N +352x 107" N+0N=1.35x10""N

Fior =y (Fyo)® + (Ey o) =4/(1.35x 1070 N)? + (1.35 x 10710 N)?

Fop=]1.91x1071'N
—10
1.35x 107N
-1
=tan {——————| =|45.0°
¢ (1.35><10_10N>

_ _ _ -9
377. q;=q2=q;=2.0x10"C keqiqs  (8.99x 10° Nem2/C?) (2.0 x 107 C)? s
Fjy=—52= - =36x10°°N
r2=10m ) (1.0m)
r;3=4/(1.0 m)? + (2.0 m)? Components of Fj,: Flz)x:3.6><10_8N
=224
m F12,)/:0N
kc=8.99 % 10° Nem?/C? o o .
k (8.99 x 10° Nem?/C*)(2.0x 10~ C) _
F13=—Cq12q3= =72x10°¢N

3 (2.24 m)?

_1/2.0m
(/)13=tan L it =63°
1.0 m

Components of F;3:
Fj3x= Fy3c08 6= (7.2x 107 N) cos (63.4°) =3.2x 10 N
Fy3,,=F3sin 0= (7.2x 107" N) sin (63.4°) =6.4x 10’ N

Fygor=Fiox+ Fi3x=72x 10 N+32x 10" N=39x 10N

F,

yior=Fioy+ Fi3,=0N+64x 10" N=64x10"N

Fror=/(Fx00” + (Fp00)” =y/(3.9 X 10 N)? + (6.4 10~ N)?

Fopp=|4.0x10°N

F 6.4x107°N
Q= tanl(—w) = tanl<7> =19.3°

'« fo 3.9%10°N
378. q;=7.2nC The charge, g3, must be between the charges to achieve electrostatic equilibrium.

42=6.7nC _ keaas kcazas

Fi3+F = Z 7=
q3=-3.0nC (x—0.32m)
ke =8.99 x 10° Nem?/C? (91— 42)%* — (0.64 m)qx+ (0.32 m)?q;x=0

— -1 _

7,2=3.2X10 "'m=032m (0.64 m)(7.2 nC) +/(0.64 m)? (7.2 nC)> — 4(7.2 nC — 6.7 nC)(0.32 m)*(7.2 nC)

xX=

2(7.2nC—-6.7 nC)
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379.

q:1=6.0 uC

q>=-12.0 uC

q3=6.0 uC

kc=18.99 % 10° Nem?%/C?

r1,0: 5.0 X 10_2 m

Solutions

—keqiq2  —(8.99x 10° Nem %/C?)(6.0 x 107° C)(~12.0 X 10° C)

Fys=—F, ,=
2T 2 (5.0% 102 m)?

380. £,=9.0N/C E.— Folectric
=i
q=-6.0C q
Fojectric= Exq = (9.0 N/C)(-6.0 C)
Folectric=| —54 N in the —x direction
381. E=4.0x10° N/C o Felarrc
q

-9
Flectric=6.43x 107 N

-9
_ Felectric _ 6.43x10 "N = 1.6% 10_12C

E 4.0%10° N/C

382.

q;=150x107C
4>=5.00x107°C
kc=18.99 % 10° Nem?%/C?
r;=1.00 m

r,=0.500 m

 keqr (899 x10° Nem?®/C?)(1.50 x 107 C)
=

- =1.35% 10> N/C
T (1.00 m)

E]ZE},)I

=1.80 x 10° N/C

keq, (899 x 10° Nem?/C?)(5.00 x 107° C)
E2 = E}I,Z = — = 5
r (0.500 m)

Eyjor=Eror=1.35x 10" N/C+ 1.80 X 10° N/C=| 3.15x 10> N/C

The electric field points along the y-axis.

383.

9;=9.99%107C
4,=3.33x107C
Felectrice=87.3 N
kc=8.99 x 10° Nem?/C?

kcaigz

Felectric=
1_2

- \/kcqlqg B /(8.99 % 10° Nem?/C?)(9.99 X 107> C)(3.33 x 107> C)!
Felectric \/ 87.3N

r=0.585m =

384.

r=930x10""!'m
Folectric=2.66 X 1078 N
ke =8.99 x 10° Nem?/C?

7 _ketia>  keao
electric— r2 = 7

- \/Felecm-crz B \/ (2.66 x 1078 N)(9.30 x 1071 m)?
ke 8.99 x 10° Nem?/C?

g=|1.60x107"°C
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385.

q;=-234x107°C
4r=4.65x10"° C
q;=2.99%x1071°C
r1.,=0.500 m
r;3=1.00m

kc=18.99 % 10° Nem?/C?

Solutions

b keditr _ (899 10° Nem?/C?)(=2.34 x 10°° C)(4.65 x 1072 C)
R (0.500 m)?

—6
F1’2=Fy=—3.91><10 N

Ckeqiqs  (8:99x10° Nem*/C?)(-2.34x 10~ €)(2.99x 107" C)
==CLs

F
b (1.00 m)?

-8
F1’3:Fy:—6.29><10 N

F,

Yior=—391 X 10 N+-629x 10 * N=397x 10 °N

There are no x-components of the electrical force, so the magnitude of the electrical
force is 4/ (Fy’mt)Z.

Fior=|3.97 X 10° N upward|

386.

q;=-9.00x 107 C
4,=-8.00x107 C
q3=7.00x107°C
r12=2.00m
r73=3.00m

kc=8.99 x 10° Nem?/C?

keqigz  (8.99x 10° Nem?/C?)(—9.00 x 107 C)(~8.00 x 10~° C) _
Fy o= 7 = > =1.62x107'N
1,2 (200 m)
k 8.99 x 10° Nem?/C?)(=9.00 X 107 C)(=7.00 X 10~ C
Fi3= québ _ m /e X ) =-629% 107N

T3 (3.00 m)?
F 5 F,=4.05x10°N
F,=0N
F5 F,=0N
F,=—-629x10°N

Fror=1/(1.62x 107 N)? + (=629 X 10 ° N)? = [ 1.74x 10/ N

F,ot 1s negative because the larger, y-component of the force is negative.

—8
—629x 108N
P _-_ 5
¢ =tan (1.62><10_7N)_ 212

387.

q;=-2.5nC
q,=-—7.5nC
q3= 5.0 nC

ke=8.99 % 10° Nem?/C?

r12=20.0 cm

The charge, g3, must be between the charges to achieve electrostatic equilibrium.

kcazas

kcqids _
(x—20.0 cm)2

Fi3+F = 2

(q1— qz)x2 —(40.0 cm)gqx+ (20.0 cm)quxz 0

(40.0 cm)(=2.5 nC) % 1/(40.0 cm)?(~2.5 nC)? — 4(—2.5 nC + 7.5 nC)(20.0 cm)*(~2.5 nC)
xXxX=

2(-=2.5nC+7.5nC)

388.

q;=-23C
q3=—4.6C
r;2=r37;=2.0m
r3,=4.0m

ke=8.99 % 10° Nem?/C?

—kcasi  kcasqz
Fy i+ F=————-——— =0
3] 32
. —qlrﬂzz: —~(-2.3C)(4.0 m)? o3¢
2 7‘3)1 (20 m)z -
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389. £,=1500 N/C
q=5.0%x10"C

Solutions

Ey _ Felectric
q
Fytectric = Eyq= (1500 N/C)(5.0 x 10~° C)

Feleetric=1 7.5 X 107° N in the +y direction |

390. E=1663 N/C
Felectric= 8.4 % 10_9 N

E= F electric
q

F electric

8.42x 107N —
q= = =|5.06x1072C
E 1663 N/C

391. q,=3.00x10°C
7,=3.00x107°C
ke=8.99 % 10° Nem?/C?
r;=0.250 m

ry=4/(2.00 m)> + (2.00 m)?> = 2.02 m

keq; (8.9 % 10° Nem?/C?)(3.00x 107° C)
E] = E}’ = E}’=—2 = 5
T (0.250 m)

E;=E,;=4.32x10°N/C

k . 9 Noem2/C2)(3. —6
B,= cozp _ (899%10° Nem®/C )(2300><10 ) _ g61x 10° N/C
s (2.02 m)
0.250
(p:tan_1 4 =tan"! -0 =7.12°
x 2.00 m

Ey,= E,c0s 7.12° = (6.61 x 10° N/C)(cos 7.12°) = 6.56 x 10° N/C

E,,=E,sin 7.12° = (6.61 x 10° N/C)(sin 7.12°) = 8.19 x 10° N/C

Y,
Ey10r=0N/C +6.56 X 10° N/C = 6.56 x 10° N/C

Ey or=4.32 % 10° N/C + 8.19 X 10° N/C = 4.40 x 10° N/C

%
2 2
Eror=v(Extor + (Ejy101)

Eyor=+/(6.56 X 10° N/C)? + (4.40 X 10° N/C)?

Epr=| 4.40 X 10° N/C

5
an g - Eyror _ 440X 10°N/C

Egpr  6.56 % 10° N/C

392. q,=-1.6x10"°C
ke=8.99 x 10° Nem?/C?
=-1.60x107"C
1,=1.60x107"" C
r1=3.00x10""m

r=2.00x10""m

0

kcar | keqz | keds
Fx,tot=7+ 7t =

q1=492=-493

PP R R T

qu 7‘12 T22 xz B
1 k

1
kcdi _2+_2)=—2
ry 1

1 - 1 1
- + 10
(2.00% 100 )
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393. q;=-7.0C To remain in equilibrium, the force on g, by q; (F,;, which is in the negative direc-
=0 tion) must equal the force on g, by g3 (F»3, which must be in the positive direction).
=
kcazar _ kcdqq3
2=49C ——3 =3
12 23
x;=18 m
92 q3
x3=25m 3= 3
’ T2 723
2 2
23 (25m—18m)
=—q——=—-(49C)([———— 5 |=|-74C
=42 r122 (18 m—0m)>
_ k ked
394. r=83x10""m Fooetric = szqu ::_g

Fyjeeric=3.34x 107N

&

Fytectric _ \/ (3.34x 10710 N)(8.3x 10710 N)?

ke =8.99 x 10° Noem?/C2 1 ke 8.99 x 10° Nem2/C

g=| 1.6x107°C

_ k k
395. r=6.4x10"°m Foctric= erzl‘b - CTQZ

Felectricrz _ \/(5.62 X 10714 N)(6.4 X 1078 1‘1’1)2
ke 8.99 x 10° Nem?C?

g=| 1.6x107YC

Fyjeeric=5.62x 1074 N

K

ke=8.99 % 10° Nem?/C? q=

396. g,=-1.60x 107" C qe=41=492= 3= 44
ry3=143=3.02x107° m kege  (8:99x10”Nem?/C*)(-1.60 x 107" C)° e
ey ;  BeshETT s (3.02% 10 m)> =2.52%10 N
r13=4/2(3.02x 107 m) 732 :
3= <] i
=4.27X10 “m keget (899 % 10° Nem?/C2)(~1.60 x 107 C)2 o
9 2,2 F34=Fy= 5= ) =2.52%x10 ' N
kc=18.99x10° Nem?/C : r3d (3.02x 10> m)
kea?  (8.99%10° Nem?/C?)(-1.60 x 1071 C)?
Fy = - ) =1.26x107°N
P2 (4.27 %107 m)
4f3.02x107°m|
(pztan o 5 =45
3.02x10° m

F3 1 Fo= F3; cos 45° = (1.26 X 107" N) cos 45° =8.91 x 1072° N
F,=F;;sin 45°= (126 x 107"” N) sin 45° =8.91 x 10" N
Firor=891x 107" N+2.52x 107 N+0N=341x10""N

Flipr=891x 10 N+0N+252x 10" N=341x10""N

Fior=~(Ey o) + (B> =/(3.41 x 1077 N)* (3.41 x 10O N)?

Fppe=| 4.82x 107" N
F 341x 107N
—1[ + ), tot -1 o
=tan |(—=—|=tan |—————o—|=|45
? (F ) (3.41 x107" N) 4

xtot,
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397. q;=5.5nC
q>=11nC
q3=-22nC
kc=18.99 % 10° Nem?%/C?

Solutions

The charge, g3, must be between the charges to achieve electrostatic equilibrium.

kcgaaqs
(x—88 cm)2

kcaqiqs
Fi3+F = 2

(q1— qz)x2 — (176 cm)q;x+ (88 cm)2q1x= 0

r1,2=88 cm (176 cm)(5.5 nC) +4/(176 cm)*(5.5 nC)* — 4(5.5 nC — 11 nC)(88 cm)*(5.5 nC)
2(5.5nC—11nC)
—k k
398. q;=72C Fs +Fs,= Cq§111 _ C%;iz -0
g3=-8.0C 31 32
3=—0.
2 —2 2
_ _ ) —qi732 —(72C)(2.4x 10 “m)
r,=15mm=15x10"m - 2 _ =|-512C
1 r3,12 (—90 X 10_3 Il’l)2 -

r3,=-9.0mm=-9.0x 10" m

r3,=24%107m

Electrical Energy and Current

399. g=145x10°C

PE,joetric = —qEd =—(1.45x 10" C)(—105 N/C)(290 m)

E=105N/C _
d=290 m PEjoctric=| 44X 107" ]
400. PE,jqqic=—1.39x10'"] _ —PEeecrric____—(-1.39x10'"))

E=3.4x10°N/C

Ed (3.4 % 10° N/C)(7300 m)

d=7300m 9=[5C
401. R=6.4x10°m csphe,fk%: . 996;412313?; o
402. C=50x10"F Q=CAV=(5x10""F)(15V)=|7.5x107°C
AV=15V
404. IAS:;i C Are A_;? - 193_(; -

406. AV=120V
R=122Q

AV 120V
=R "o :
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407. AV=720V (AV)? (720 V)? c
P= =——=|1L7X10°W
" om0

R=0.30Q

408. AV=120V e (AV)*  (120V)* 5270
P=1750 W P 1750 W .

409. g=64nC=64x10°C b APEdecric_ _—3.88% 107°5]
J=0.95m qd (64 % 107 €)(0.95)
APEgeeyric=—388x107]  E=[6.4x 102 N/C

410. g=-14nC=-14x10"°C - APEaecic _ 21%x107°7
F=156 N/C —qE —(=14% 1072 C)(156 N/C)

—6
APEjoctric=2.1X107"] d=10.96 m=96 cm
411. C=50%x10"F Q 60x107*C
AV=— = e =| 12V
Q=6.0x 10—4C C 50x10°F

412. Q=3%x1072C 3%1072C
Q ngziaz 1><1076F=1HF
AV 30x10°V

AV=30KkV
413. A=64%x107 m? G EoA_ (8.85 % 1072 C2/Nem?)(6.4 X 107> m?)
C=455%x 10" F S Cc 455x 10 F

d=12x10"m

-5
414. C=14x10"F Q=CAV=(14x107 F)(1.5 x 10*V) =] 0.21C

Copyright © by Holt, Rinehart and Winston. All rights reserved.

AV=15x10*V
415. At= 155 AQ=IAt=(9.3A) (15s) =
1=93A
416. AQ=1.14x107*C AQ 1.14x107%C
[=—=="""" ~_|032mA
417. AQ=56C AQ 56C
At=—=—=-7.25
I=78A I 78A -
418. At=2.0min=120s AQ=IAt=(3.0A) (120s) = 3.6 x 10> C
I1=3.0A
419. [=0.75A AV=1IR=(0.75A) (6.4 Q)=
R=640Q
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420. AV=650V AV 650V
I: —_— - = 6.5A
R 1.0x10°Q -

R=1.0x10°Q

421. [=4.66A AV=IR=(4.66A) (25.0Q)=|116V
R=250Q

422, [=0.545A AV 120V
AV=120V I 0.545A

423. AV=25x10*V P=IAV=(20.0A) (2.5x 10*V)=|5.0x10°W
I1=20.0A

424. P=230 W , P f 230 W
== I= == | :-1.59A
R=91Q R R 91Q

425. [=8.0x10°A P 60x10"W c
AV===—T e =|75x10°V
T

P=6.0x10W

426. P=350 W

j2 P 350W
== 1=\ﬁ= / =-2.2A
R=75Q R R 75Q

Circuits and Circuit Elements

427. 25 speakers Req=ZReach speaker All speakers have equal resistance.

Reach speaker = 12.0 Q Req =1(25)(12.0 Q) =|3.00 x 10°Q

428. 57 lights Req=ZReach light All lights have equal resistance.

Reach light=2.0 Q Reg=(57)(2.0Q) =114 Q

1 1 1 1 1 1 1 1 1

429. R;=39Q — =t —+ —+ —= + + +
Ry R; Ry Ry Ry 39Q 82Q 12Q 22Q
RZZSZQ
o 1 _0026 0012 0.083 0045 0.7
Ry=12 Ry 1Q 10 10 10 10
R,=22Q
Ry=[60Q]
AV=3.0V
430. R;=33Q 1 1 1 1 1 1 1 1 1
——t — + —+ —= + + +
R,=390Q Ry R; Ry Ry Ry 33Q 39Q 47Q  68Q
_ 1 0030 0026 0021 0015
e R, 19 10 10 1o
R,=680 Ry 1 1 1 1
V=15V Ry=| 110

Section One—Student Edition Solutions V Apx 1-63



Givens Solutions

431.AV=12V AV 12V
Ry=— —R;=————16Q=29Q-16Q=|13Q
R.=16Q T T 0424
1
=042 A
432, AV=30V AV 3.0V
Ry= — —R,= —240Q=48Q-24Q=24Q
R =240 271 T 00624
=
[=0.062 A
433. AV=30V AV=IR,,
R;=33Q LAV _AV v
I=141A Ry R R
AV [ AV
R | R
AV 3.0V 3.0V
R,= - = =6.0Q
2 AV 30V)  [141A—091A]
I-— 141 A -2
R, 30
434. AV=12V AV=1IR,,
R;=56Q LAV _AV v
I=321A Ry R R
AV [ AV
Ry, Ry
AV 12V 12V
R, = = = =14.0Q
? AV 12V)  [321A-021A]
I-=—| [321A-—-
R, 56
435. R,=56Q Rey=ER=R;+ R+ Ry=56Q + 82Q + 24Q = 162Q
R,=82Q AV 90V
[=— = =|56mA
R;=24Q Ry 162€Q
AV=9.0V
436. R, =96 Q Ryy=ER=R,+R,+R;=96 Q+48Q+29Q=173Q
R,=48Q AV 115V
[=— = —" =|665mA
AV=115V
1% 1%
437. AV=120V L= — L= —
R] RZ
R1:7SQ
Q =20V _Mea =20V 5
Rp=91 s = T L
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438. AV: 120V 11: - IZZ -
N R,
R]ZSZQ
120V 120V
= I;=——=|15A L=——=|50A
Ry=240 =5 5o
439. R;=15Q Parallel:
1 1 1 1 1 5.0+6.0
R,=6.0Q Group (a): —=—+—= + =
Rgya R Ry 60Q 50Q  30Q
R3=5.0Q
R —309—2 7Q
R;=4.0Q @wi= 70 "~
R5:2.0Q
G (b) 1 1 + 1 1 1 5.0+2.0
=500 roup (b): =—+—= =
Rs=5.0 Rya Rs Ry 20Q 50Q  10Q
R7= 309 ~ IOQ_
Repg=——-=14Q
Series:
Reg=Ri+ Regat Ryt Rogp + R7=1.5Q+2.7Q+40Q+14Q+3.0Q
Ryy=[12.6 Q
440. AV,,=12.0V AV 120V
Ly = = = -0.952 A
Ryy=126Q Ry 1260
441.1,,=0952 A L1 111 50460
R,=6.0Q Rya Ro R; 60Q 50Q  30Q
R;=5.0Q Rega=2.7Q
AVy= AV, = LRpga= (0952 A) (2.7 Q) =
442. AV,=26V AV, 26V
443. R;=3.0Q Parallel:
= 1 1 1 1 1 1 1
R,=5.0Q SIS SO S + + =3(0.20 Q)
Ry=500 Rya R» Ry Ry 50Q 50Q 50Q
R;=5.0Q Rega=1.7Q2=Reqy,
Rs=5.0Q Series:
Rg=5.0Q Ryg=Ri+ Rega+t Rg+ Regp=3.0Q+1.7Q+3.0Q+1.7Q
Ry=500 Ry=[049)]
R8=3.0Q
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444. AV,,=150V
Ry=9.4Q

Solutions

AV 150V
Lot = =" " =|16A
T Ry 940 -

445.1,,=16A

Ilzltotz

446. R,;=3.00Q
R2 =2.0 Q

R;=3.0Q
R=4.0Q
R5;=8.0Q
Rg=5.0Q
R,=2.0Q
Rg=8.0Q
Rg=4.0Q

Parallel:

L1 111 20430
Rea R Ry 30Q 20Q  6.0Q

6.0Q
Ry =——=12Q
“@r 50

L1 11 1 80+40
Ryp Ry Rs 40Q 80Q 320

_32Q B
Req’b— m - 2.7 Q - Req,c

Series:

Req = Req’a + R3 + Req,b+ Ré + R7+ Req,c

Req=1.2Q+3.0Q+2.7Q+5.0Q+2.0Q+2.7Q= 16.6 Q

- AV, 240V
447. AV,,;=240V L= tor _ 5 —l145A
Rey=16.6 2 Reg 166
448. [,,=1.45A Tior=I4+ 15
Ryj=Ry=4.0Q Is= I =14
Rs=Rg=8.0Q AVy=AVs
I4Ry=I5Rs
IiRy= Iyt — 1)Rs5
If(Ry+ Rs) = I;iR5
Rs 8.0Q 8.0
L= | ——] = (145 A)|—————| = (1.45 A)| — :-0.97A
4 mt<R4+R5) ( )<4.0Q+8.0 Q) ( )<12.o)
Magnetism

449. g=1.60x10"°C
B=08T

v=3.0x10" m/s

Fonagneric = @B = (1.60 X 107 C)(3.0 x 107 m/s) (0.8 T) =

450. g=1.60x10"C
v =3.9%10°m/s

—22
Fragnetic =1.9% 107 N

F, ; 19x 107N
B= 8T = — ——=[3.0x107"0T
(1.60 x 1077 C)(3.9 x 10° m/s)

qv

451. g=1.60x10"C
B=5.0x10"T
Frpagnetic =6.1x 107" N

—17
F ; 6.1x107 N
V= magnetzc: 19 5 = 7.6><106m/s
qB (1.60x 1077 C)(5.0x 107 T)
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452.

I=14A Frnagnetic=BI/ = (3.6 X 10 T)(14 A)2 m) = | 1 x 10 >N

/=2m
B=36x10"*T

453.

/=1.0m Fnagnetic 9.1x107° N

s I= = =[0.70 A
qugnetic =9.1x10 "N B/ (1.3 % 10_4T)(1.0 m)
B=13x107*T

454. B=46x10*T F, ; 29%107° N
, / _ magnetic _ . _
Fragnetic =2:9x 107 N BI (4.6 x 10" T)(10.0 A)
T=10.0A
—2
455. /=12 m B= Finagnetic _ 73x107°N _
I=12A i (12A)(12 m)
Frnagnetic =7.3x 107> N
456. q=1.60x 1077 C F, ; 37x 10PN
q ) B= magnetic _ - . ~los0T
v=7.8x10"m/s qu (1.60 x 1072 C)(7.8 x 10° m/s)

Frnagnetic =3.7x 107> N

457.

g=1.60x10""C Fpnagneic= qvB=(1.60 x 107" C)(2.2 x 10° m/s)(1.1 x 10> T) =[3.9x 10 ° N

r=2.2x10°m/s
B=1.1x107T

458.

B=1x107°T Fonagnetic 32x1072 N 5
v= = =[2x10"m/s
qB (1.60x 107 C)(1x 1078 T)

g=1.60x10""C
Frnagnetic =32 1072 N

459. /=10m mg= BI/
m=75kg mg  (75kg)(9.81 m/s’) 3
_ [=—= =|1.5%x10"A
B=48x1074T B/ (4.8x10°*T)(10 m)
g=9.81 m/s?
460. [=1.5x10° A Fonagnetic=Bcos 61/ = (2.3 x 10~ T)cos 45°(1.5 % 10 A)(1.5 x 10* m)
/=15km=14x10"m
o e Fpnagnetic= 3.7 X 10°N
B=23x10"T

Electromagnetic Induction

461.

N=540 turns _emfAr emf At
A=0.016 m’ ~ —NAAcos6 —NA[cost— cos ;]
6,=0° oo (3.0)(0.05'5)
6 =90.0° —(540)(0.016 m?)[cos 90.0° — cos 0°]
At=0.05s —

B=|1.7x10"T
=307
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462.

N =550 turns
A=5.0%10" m?
AB=25%X10"*T
At=21%10"s
0=0°

Solutions

—NAAB cos 6
emf= —_—
At
c —(550)(5.0 X 107> m?)(2.5 x 10~* T)(cos 0°)
mi =

2.1%107°s

463. N =246 turns Ar= —NAABcos §  —NA[Bf— Bj] cos 6
A=0.40 m? -~ emf emf
6=0° Ay ~(246)(0.40 m*)[0.320 T - 0.237 T} (cos 0°)
B;=0.237T 9.1V
Br=0320T At =
At=009s
emf=9.1V

464. emf=9.5V _emfAr emf At
6= 0.0° —AA(Bcos 6) —AB(cos Qf— cos 6;)
6/=90.0° _ (95V)(25x107s)

B=125%x10"2T

T (250 cm?)(1.25 % 1072 T)(cos 90.0° — cos 0.0°)

A=250 cm®
465. AV, =320V AV, 320V
AV, . = =2 =[450V
R=100Q 0707 0.707
466. AV,,,;=320V I = AV, s _ 320V _
R=100Q s R 100 Q
467.1,,.,=13A Lns 13A
L. =— — " _118A
" 0.707  0.707
468. AV,=69x10°V

N;=1400 turns
N, =140 turns

N; 5. [ 1400 I
AV;=AV,—L=(69%10°V)|—|= 6.9 x 10"V
1= AVot= ><140)

469.

AV;=5600V
N; =140 turns
N, =840 turns

N, 840 I
AV,=AV; =2 = (5600 V)| — | = 3.4 x 10*V
= AViE= >(140)

470. AV;=1800V AV. 1800 V
! N2=N1—2=(58 turns) =
AV,=3600V AV, 3600V
N; =58 turns
471. AV;=4900V

AV,=49x10*V
N, =480 turns

AV, 4900 V
N, = N, —L = (480)|—————| = | 48 turns
=72 Ay, ( )(4.9><104V)

V Apx I1-68 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens Solutions
472. N=320 turns _ emfAt B emf At
6,=0.0° —NA(Bcos 6)  —NB(cos 6 cos 6;)
9f= 90.0° _ (4.0V)(0.25s)
B=0.046 T —(320)(0.046 T)(cos 90.0° — cos 0.0°)
At=0.25s A=|6.8%10"2m2
emf=4.0V
473. N=180 turns —NAAB cos 6
5 o emf= ————
A=50x10"m At
_ —4
AB=5.2x10T ~(180)(5.0 x 107> m?)(5.2 1074 T)(cos 0°)
9=0° mf: 5
1.9%x10 ~s
At=19%10"s
R=1.0x10°Q emf=0.25V
emf 025V 3
I= o = 2 =125x10° A=25mA|
R 1.0 X 10°Q
474.1,, =12A AV, =0.707 V,, = 0.707(211 V) = [ 149V
AV, =211V
475.1,,.=12A Lps = 0.707 Iy = 0.707(1.2 A) = | 0.85 A
AV, =211V
476. V,, =170V AVps = 0.707 Vypar = 0.707(170 V) = | 120 V
477. AV, =240V N; AV, 240V
| A 20V )
szz 50V N2 AVZ 50V

Atomic Physics

478. L=527nm=5.27%x 10" m

he  (6.63%107>*Jes)(3.00 x 108 m/
E=hf == ( J S)(J ) _377% 10
A 527% 10 m

479. m,=9.109 x 10" kg h 6.63x107* Jos =Ty
A=t = - - =1332x10""m
l/=2.19><106 m/s mv (9109)(10 kg)(219><10 m/s)
480. £=20.7 ¢V E  (20.7eV)(1.60 x 1077 J/eV
e f=L_ 207V e JeV) _[5.00% 10%° Hz
h 6.63 X 1074 Jes
481. E=12.4 MeV he  (6.63x 1074 7e5)(3.00 x 10°
e aote_ o _ J+3)( = ) o010 m
=1.24x10" eV E (1.24x 107 eV)(1.60 x 1077 J/eV)
_7 hC
482. L =240nm=2.4x10"m KEWMZI_ hf;
hf,=2.3 eV
' (6.63 % 1072*J#3)(3.00 x 10% m/s)
KE, 0 = — o —23eV
2.4%107 m)(1.60 x 107 J/eV)
KE, 0 =52¢eV —2.3eV =
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483

« hfi=41eV

Solutions

johe_ (663% 107>*J5)(3.00 x 10° m/s)

= 3.0x107 m=300 nm |

E (4.1 eV)(1.60 x 107" eV)
484. 1=2.64x10""*m h 6.63x 1074 Jos >
v=—= —= —7—=|1.50x 10" m/s
m,=1.67x 107 kg mA  (1.67x107°" kg)(2.64x 10" m)
485. y=28 m/s h 6.63 % 1074 Jes
. m=aT —37 =
A=8.97%10""m v (897)( 10 m)(28 m/s)
486. L =430.8 he  (6.63x 1074 J+5)(3.00 x 10°
o popp=tel J:9B00X10°mIs) _ e 167195
=4308x107 m A 4.308% 10~ m
487. E=1.78 ¢V E  (1.78eV)(1.60 x 107"? J/eV
¢ =Ll QTBVIAG0X 10 TJIEV) 50 ot
h 6.63x 107%Jes
488. [=3.1x10"°eV he  (6.63 X 10724 Js)(3.00 x 108 m/s)
A=—= =|0.40m
E  (3.1x107°eV)(1.60x 1077 J/eV)
489. f=6.5x 10" Hz fi hf— KE,pax
- T max
KE, 0= 0.20 eV h
= o3 1077*7+5)(6.5 x 10" Hz) - (0.20 eV)(1.60 x 107" J/eV)]
! 6.63 x 1074 Jos
f,=6.0x10" Hz
490. L=519nm=5.19%x 10" m he
KEmux:—_hft
hf, =2.16 eV A
(6.63 % 1072* Jo5)(3.00 x 10% m/s)
KE s = — - —2.16eV
(5.19% 107" m)(1.60 x 1077 J/eV)
KE, 0 =240V —2.16 eV = | 0.24 eV
491. v=56x10"m/s

A=2.96x10"m

h 6.63 %107 Jes =]
m=—= 3 s =[(4.0x10 kg
A (2.96% 1070 m)(5.6 X 10~ m/s)

492.

f,=1.36 x10"° Hz

(6.63x 1072*Jo3)(1.36 x 10" Hz)
hf, = =|5.64eV
i 1.60x 1077 J/ev

493. m=7.6x10"kg h 6.63x 107 Jes 0
A=—= > ={25x10" m
v=35m/s my (7.6 x 10" kg)(35 m/s)
494. hf,=5.0eV he  (6.63x1072%708)(3.00x 10
fi=50¢ L J2)0.00X 10 m005) _ 1) 5 107 m=250 nm
E (5.0 eV)(1.60 x 107 eV)
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495, =9.89x 10" Hz

KE,y0x=0.90 eV

Solutions

hf— KE
](t: h max
P (6.63 x 1074 705)(9.89 x 10" Hz) — (0.90 eV)(1.60 x 10~ J/eV)
-

6.63x 1074 Jos

f,=17.72x 10" Hz

496.

m,=1.675x 107> kg
A=56x10""m

Subatomic Physics

h 6.63 X104 Jes

y=—t = > M =[7.1%10° m/s
mh (1.675%x 102 kg)(5.6 X 104 m)

497.

Z=19
A=39

atomic mass of K-39
=38.963 708 u

atomic mass of H=1.007 825 u
m,,=1.008 665 u

N=A-Z=39-19=20

Am = Z (atomic mass of H) + Nm,, — atomic mass of K-39
Am=19(1.007 825) + 20 (1.008 665 u)-38.963 708 u
Am=19.148 675 u+20.173 300 u — 38.963 708 u
Am=0.358 267 u

Epina=(0.358 267 u)(931.50 MeV/u) = | 333.73 MeV

498.

For 14077Ag:

Z=47
A=107

atomic mass of Ag-107
=106.905 091 u

atomic mass of H
=1.007 825u

m,=1.008 665 u

N=A-7Z=107—-47=60

Am = Z(atomic mass of H) + Nm,, — atomic mass of Ag-107
Am=47(1.007 825 u) + 60(1.008 665 u) — 106.905 091 u
Am=47.367 775 u+ 60.519 900 u — 106.905 091 u
Am=0.982584u

Epina=(0.982 584 1)(931.50 MeV/u) = 915.28 MeV

For 3 Cu: N=A-Z=63-29=34
Z=29 Am = Z(atomic mass of H) + Nm,, — atomic mass of Cu-63
A=63 Am=29(1.007 825 u) + 34(1.008 665 u) — 62.929 599 u
atomic mass of Cu-63 Am=29.226 925 u+34.294 610 u —62.929 599 u
0629293990 Am=0.591936 u
Eping=(0.591 936 1)(931.50 MeV/u) = 551.39 MeV
The difference in binding energy is 915.28 MeV — 551.39 MeV =
499. A=58 N=A-Z7Z=58-28=30
Z=28 Am = Z(atomic mass of H) + Nm, — atomic mass of Ni-58

atomic mass of Ni-58
=57.935345u

atomic mass of H
=1.007 825u

m,=1.008 665 u

Am=28(1.007 825 u) + 30(1.008 665 u) —57.935 345 u
Am=28.219 100 u + 30.259 950 u—57.935 345 u

Am=0.543 705 u
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500. 2}2Po — ?+ 3He A=212-4=208
Z=84-2=82

501. N2+ e+ A=16-0=16
Z=7-(-1)=8

_| 16

502.

l67Sm — GGNd+7+7

A=147-143=4
Z=62-60=2

503.

m;=329x10"g
mp=822x10"g

mf 822x10%g 1
m; 329%107°g 4

At=30.0s If i of the sample remains after 30.0 s, then % of the sample must have remained after
15.0s,s0 T/, = .
504. T;,=21.6h 0.693 0.693
1z A=——= =8.90% 105!
N=6.5X 106 T1/2 (216 h)(3600 S/h)
—6 —1 6
89%x10 7s )(6.5x10
sy = 92.= BT TNE3X10)
3.7x10"s /Ci
505. T,,=10.64h For the sample to reach % its original strength, it takes 10.64 h. For the sample to
reach i its original strength, it takes 2(10.64 h) = 21.28 h. For the sample to reach 1§ its
original strength, it takes 3(10.64 h) =| 31.92 h
506. Z=50 N=A-Z=120-50=70
A=120 Am = Z(atomic mass of H) + Nm,, — atomic mass of Sn-120

atomic mass of Sn-120
=119.902 197

atomic mass of H=1.007 825 u

m,,=1.008 665 u

Am=50(1.007 825 u) + 70(1.008 665 u) — 119.902 197 u
Am=50.391 25 u+70.606 55 u—119.902 197 u
Am=1.09560u

Epina = (1.095 60 u)(931.50 MeV/u) = | 1020.6 MeV

V Apx I-72 Holt Physics Solution Manual
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507.

For 162C:
Z=6
A=12

atomic mass of C-12
=12.000 000 u

atomic mass of H
=1.007 825u

m,=1.008 665 u

Solutions

N=A-Z=12-6=6

Am = Z (atomic mass of H) + Nm,, — atomic mass of C-12
Am=6(1.007 825 u) + 6(1.008 665u) — 12.000 000 u
Am=6.046 95 u+6.051 99 u—12.000 000 u

Am=0.098 94 u

Epjg = (0.098 94 1)(931.50 MeV/u) = 92.163 MeV

For ' O: N=A-Z=16-8=8
Z=38 Am = Z (atomic mass of H) + Nm,, — atomic mass of O-16
A=16 Am=8(1.007 825 u) + 8(1.008 665u) — 15.994 915 u
atomic mass of O-16 Am=18.0626 u+8.06932 u—15.994 915 u
=15.994 915
Am=0.1370 u
Eping=(0.1370 1)(931.50 MeV/u) = 127.62 MeV
The difference in binding energy is
127.62 MeV —92.163 MeV =
508. A=64 N=A-7Z=64-30=34
Z=30 Am = Z(atomic mass of H) + Nm,, — atomic mass of Zn-64

atomic mass of Zn-64
=63.929 144 u

atomic mass of H
=1.007 825 u

m,=1.008 665 u

Am=30(1.007 825 u) + 34(1.008 665 u) — 63.929 144 u
Am=30.234 750 u + 34.294 610 u—63.929 144 u

509.

1 BIXe+ Je+v

A=1314+0=131
Z=54+(-1)=53

_ | 131
=5

510.

1OW — OHf + 2

A=160-156=4
Z=74-72=2

511.

[ 15027Te + %He

A=107+4=111
Z=52+2=54

111
= 54 Xe

512.

mi=4.14x10"g
mp=2.07x10"g
At =1.25 days

mf 2.07x10%g 1
m; 4.14x107%g 2

1 .
If S of the sample remains after 1.25 days, then T}/, =| 1.25 days
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513. T,,,=462 days For the sample to reach % its original strength, it ta
reach i its original strength, it takes 2(462 days) =

kes 462 days. For the sample to
924 days

V Apx I-74 Holt Physics Solution Manual

514. T;,=27 0.693 0.693 5
V2= sly h=— = =] 81x1075"!
Ne 3% 10° Ty (27y)(3156x 107 sly)
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Additional Practice A

Givens Solutions

1. distance = 4.35 light years 9.461 x 10 m
gy distance = 4.35 lightyears X ——
1 light-year

) B 16 1 Mm 10
a. distance=4.12x 10" mrx c— =|4.12x10" Mm
10° mr
1 pm
b. distance=4.12x 10" 10};2 —[412x10% pm
T

=4.12%10"m

2. =1.2x10" 1k
energy J a. energy=1.2x 10" yx TJX: 1.2x 10" kJ

In
_9] =|1.2x10> nJ
10775

b. energy=1.2x10* Jx

3. m=1.0x10""° _ 1P -
& a. m=10x10"0gx —==[1.0x107" pg
107°.g
1 f
_ ~16 g _
b. m=1.0x10 /g’Xﬁ— 010fg
la
_ —16 g _ 2
c. m=10x10 " gXx 10_18g_ 1.0 X 10" ag

4. distance= 152 100 000 km . 10001 lym 35
a. distance =152 100 000 kat X X ——7—=[1.521X10"" ym
Lkt 10724 v
1000 1Ym -
b. distance= 152100 000 kntx ——— X ——=1.521x 10> Ym
Lkar ~ 10% o

5. energy=2.1x10"> Weh 15 1Jls 360058 s
a. energy=2.1x10 " Weh'x — x ——— =|7.6 X 10
v W T
b energy:76><10181><1—GI: 7.6x10° GJ
' 100y =

6. m =1.90x10° kg 1eV

1.78 x 100 kg

s, 1MeV G

a. m=107x10" eV x ——— =]1.07x 10° MeV
10° e
1 TeV

b. m=1.07x 10" eV’ x —— = 1.07 x 10” TeV
10" e

m =1.90 x 10° kg x =1.07x10*" ev

Section Two — Problem Workbook Solutions
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7. m=(200)(2 x 10" kg) =
4x10%% kg

Solutions

3 3
32 10 g 10 mg 38
a. m=4x10""kgx X =-4><10
" lkg  lg -8

3
10 1E
- 32 g g _ 17
b. m=4x10""%kgx n X T 4x10"" Eg

8. area= 166 241 700 km?
depth=3940 m

V = volume = area X depth

V = (166 241 700 k%) (3940 m) x ( .

V=6.55%10" m?

6 3
10” cm
a. V=6.55x 10741 x =16.55% 10> cm’®
1o
9 3
10" mm
b. V=6.55% 10" m° x - 6.55 % 10%° mm°>

Il Ch. 1-2 Holt Physics Solution Manual
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Dimension

Additional Practice A

Givens Solutions

1. Ax=443m Ax 443 m
At=—-

=" ~17405=12min, 20 s |
Vayg  0.60 m/s

Vayg=0.60 m/s

2. v,,,=72km/h Ax 1.5 km
s At=—— = = |75
Ax=1.5km Varg (59 m
h J\3600 s

3. Ax=5.50% 10> m Ax 5.50 X 10° m

Vayg = 1.00 X 10% km/h Vavg ( ) km) ( 1h ) (1000 m)

1.00 X 10 —
h /{3600s/| 1km

Vayg = 85.0 km/h b. Ax =Av,, At

1h \[10°m
Ax = (85.0 km/h —)(19.85) =| 468
o= >(36005)(1km)< 9

4. Ax;=1.5km Ax; Ax

! a. Aty =Af + At =—1 + =2

vy= 85 km/h 3] )
Ax;=0.80 km 1.5 km 0.80 km -
Aty = + =64s+43s5s=|107s
fot km\/ 1h 1h -

v,=67 km/h 85— 67k_m
h /\3600 s h /\3600 s

Axy + Axy 1.5 km + 0.80 km 2.3km
b. vy, = = T o )= 77 km/h

- h
Ai+AL 43y (107 s)|———
3600 3600 s

5. r=7.1x10*km Ax=27mr
At=9h, 50 min Ax 27(7.1 x 107 m) 45%x10%m
l/al’g: —_—= - =
At 60 min . 60 s . . 60 s
(9h) + 50 min - (540 min + 50 min) -
1h 1 min 1 min
45%x10°m
Ugpg=———————
. 60 s
(590 min) -
1 min

Vayg=11.3 X 10* m/s

Thus the average speed = 1.3 x 10* m/s.

On the other hand, the average velocity for this point is zero, because the point’s dis-
placement is zero.

Section Two — Problem Workbook Solutions Il Ch. 2-1



Givens Solutions

6. Ax=—-1.73 km Ax  -1.73x10°m

Vg =~ = = |-69 m/s =250 km/h |
Af= 255 At 25s

7. Va1 = 18.0km/h

1h \(10°
a. Ax; = Uy AL = (180 km/h)( )( m)(Z.SOs) =125m

At1= 2.50s 3600 s 1 km
At,=12.0s Axy=-Ax;=-12.5m
Ax, -12.5m 04 m/
Vypor=—=——"—=[-1.04 m/s
W2 AL, 120
Ax;+Ax, 125m+(-125m) 0.0m
b. v = = = =10.0m/s
WAL + AL 2505+12.0s 14,5 -
c. total distance traveled = Ax;— Ax,=12.5m - (-12.5m) =25.0 m
total time of travel = At; + At,=2.50s+12.0s=14.5s
total distance ~ 25.0 m
average speed = = =|1.72 m/s
gesp total time 14.5s
8. Ax = 2.00 x 10° km Ax 2.00x 10° m 2.00 X 10°m
a. Vuvg - — = =
— : At 3600 60 20437 s
At=5h, 40 min, 37 5h 2|+ 40 min | (=] +37 s
h min
Vg = 9.79 m/s = 35.2 kan/h
(2.00 x 10° m>
AX 2 3
Vayg' = (1.05) Vg4 b. At=——= =9.73%x 10’ s
1 Vavg m
Ax' =3Ax (1.05) 9.79?
1h
At=(9.73%10%s) =2.70h
3600 s
60 min
(0.70 h)( ) =42 min

At =1|2h, 42 min

Il Ch. 2-2 Holt Physics Solution Manual
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Givens Solutions

1. v;,=0km/h=0m/ 60
v m mrs Vf:am/gAt+1/i=(1.80m/sz)(1.00min)( S +0m/s=

gy =18 m/s” 1 min

At =1.00 min 3600 s\/1km
vr =108 m/s = (108 m/s =389 km/h
f a0 ) [X55 ) [

2. At=2.0 mi 60
i Up= Ggyg At +v;= (0.19 m/sz) (2.0 min)( S ) +0m/s=

Aapg=0.19 m/s’ 1 min

v; =0m/s

3. Ar=45.0 vp = g At+v;=(2.29 m/s%)(45.0's) + 0 m/s = | 103 m/s

Agpg=2.29 m/s’

v;=0m/s

4. Ax=29752m Ax 29752 m
A vy == =413 mis

At=2.00h (2,00 h)(3600 s)

lh

Av  4.13 m/s—3.00 m/s 1.13 m/s =
v; =3.00 m/s b. ay,= — = ° = =[3.77x 1072 m/s?
At 30.0s 30.0s

vp= 4.13 m/s
At=30.0s

10.0 m Ax  1.50%10°m
5. Ax = (15 hops aov,,=—=———""—=[+2.50m/s
( P>(1h ) = =

op
=1.50% 10’ m

vi—v;  0m/s—2.50m/s —2.50 m/s
b. a,, = i = =| -1.0x 10" m/s?
At=60.0s At 0.25s 0.25 m/s

Atgop=0.25s

Vf:Om/s

V= Vgye =+2.50 m/s

6. Ax = 1.00 % 10 m, backward _Ax -1.00x1 0®m — 73

=-1.00x10°m Vm/g_Zt_ 713.65 =-7.35m/s

At=13.65s vp— v —7.35m/s —0m/s 3

Ao = = =3.68 m/s

L M AY 2.00's

At'=2.00s

v;=0m/s

1/f= Vm/g

7. Ax=150m Ax 150 m

Vayg 3.0m/s

v;=0m/s
vf=6.0m/s b _Yp=vp 6.0m/s—0m/s _ -
= gye = = =10.12m/s
YRy el (N ELUIA
Vayg=3.0 m/s
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8. v; =+245km/h

km\/ 1h 10°m
45— =+68.1 m/s
h /13600s) |\ 1 km

2 iz
Agpg =—3.0m/s
vp=v; —(0.200) v; vp = (1.000 — 0.200) v;=(0.800)(68.1 m/s) = +54.5 m/s
vF—=v;  54.5m/s—68.1 m/s —13.6 m/s
At: f ! = 5 = 5 =
Ay -3.0m/s —3.0m/s
9- Ax =3.00 km Ax 3.00 X 103 m
Vi=Vge=—=——————=138m/s
At=217.347 s At 217.347 s
2
Ggpg =—1.72 m/s Lo _yTvi_Om/s—138m/s  —138mis o
= = = = . S
vy =0m/s TP g -1.72 m/s’ ~1.72 m/s’
10. Ax =+5.00x 10> m Ax 5.00 X 10> m
Vf = Uy = (1.100) 046 = (1.100) | — | = (1.100) [ =————| = +15.4 m/s
At=3576s At 3576

v;=0m/s Av  vf—v; 154m/s—0m/s -
Agg=—"= = =[+3.85m/s
we= 5 = ap T

At'=4.00s

Umax = Vayg T (0.100) ¥4

Additional Practice C

1. Ax=115m ape 2Bx _ ()M15m)  _ (2)(A15m) =[25.05]
Vi = 4.0 m/s vitvy  4.20m/s+5.00 m/s 9.20 m/s '
=4,

Z/f=5.00 m/s

2. Ax=180.0 km Ao A% ()(180.0km) 3600 km :
vi=3.00 km/s vi+vy  3.00km/s+0km/s  3.00km/s '—
Z/f=0km/s

3. ;=0 km/h A A% _ (2)(20.0 x 10° m)

_ 3 v+, 1h /1000
vp=1.09x10" km/h Y (109 % 10° km/h+0km/h)(3600 )( o m)
Ax =20.0 km ) m

40.0x 10> m
1h \/1000
(1.09 x 10° km/h) o
3600s/\ 1km
Ax =5.00 km b. At= 20x = (2)(5.00><103m)
vty 5 1h (1000 m

_ 3 1.09 x 10° km/h + 0 km/h
v; =1.09 x 10’ km/h ( )(3600 s)( Tlem )
vy =0km/h

10.0 X 10> m
1h \/1000
(1.09 x 10° km/h) =
3600s/\ 1km

Il Ch. 2-4 Holt Physics Solution Manual
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4. v;=v,, =518 km/h km\/ 1h \/10’m 5
Vayg = | 518 — - =8.63 X 10" m/min
vy = (0.600) Varg h /\60 min/\ 1 km
At =2.00 min Ax = 303 + V)AL= 5[V + (0.600) U4 ]At=3(1.600)(8.63 x 107 m/min)(2.00 min)

Ax=13.8x10°m= |13.8 km

5. At=30.0s . X 1h
Ax = S(v; + vp)At= 3(30.0 km/h + 42.0 km/h) [———](30.0 s)
v;=30.0 km/h 3600 s
42.0 km/h Ax = 72052 LD ) 300
= . X =7 N— Us
' m 2 h \3600s

Ax = 3.00 x 10~ km = |3.00 x 10> m

10° m
1 km

1h

6. vy =96 km/h
g Ax=(v; + v At= 10 kn/h + 96 km/h) (—)(

v; =0km/h

At=3.07s | m _
Ax= 5(96 x 10° I)(8.53 +x107*h) =

3.07s
3600 s )( :

7. Ax=290.0 2A 2)(290.0
x=290.0m z/i——x—v=u—0m/s:|58.0m/s:209km/h
At=100s At 10.0
v =0km/h=0m/s (Speed was in excess of 209 km/h.)
8. Ax=5.7x10° km 2Ax
vp v =—r
At=86h At
_ 2Ax
Z/f:l/i+(0.10) v; Vi (100+010)+1/1—Tt

_ ((5.7x10°km)
YT 1060

9. 1;=2.60 m/s

60
Ax = H(u; + vp)At= 22,60 m/s +2.20 m/s)(9.00 min)( — | = 1(4.80 m/s)(5.40 x 107 §)
vp= 2.20 m/s min

At=9.00 min Ax = 1.30 x 10> m = | 1.30 km

Additional Practice D

. =186 km/h lh 10°m
1. v; =186 km/ " 0 m/s — (186 km/h) (3 )(1 ) 51 /
vf 0km/h=0m/s At = = 5 m/s = s /52 =

a
a=-15m/s>

2. y;=-15.0m/s For stopping:
vp=0m/s At = vf — v _ 0m/s— (—15.;) m/s) _ 15.0 rn/; — 6.0
a=+42.5m/s> a 2.5m/s 2.5m/s
For moving forward:
vi=0m/s vF—v; 150m/s—0.0m/s  15.0 m/s
At, = = = =605

vp=+15.0 m/s a 2.5 m/s? © 2.5m/s’

a=4+2.5m/s
Aty = At + Aty =6.05+6.05=
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Ve— V;
3. v;=24.0 km/h A= LT
a
vp= 8.0 km/h ,
1h 10° m
=— 2 8.0 km/h — 24.0 km/h
@T0am (8.0 ) (3600 s) ( 1 km)
At= .
—0.20 m/s

km\/ 1h \/10°m
-16.0—
h \3600s)\ 1 km
At =

—0.20 m/s’ =

4. v;=65.0 km/h For cage 1:
v;i>=0 km/h Ax=vAt)
22
-4 A 2072
a,=4.00x 102 m/s Aty =¥ m —=|115s
_ vy 1h 10
Ax =2072 m (65.0 km/h)[——— =
3600s/\ 1 km
For cage 2:

1 2
Ax= 1/1',2Af2 + EQZAtZ

Because v; , = 0 km/h,

[2Ax (2)(2072 m)
A= [Z=2= 2R e
"V a 4.00 x 1072 m/s?

Cage 1 reaches the bottom of the shaft in nearly a third of the time required for cage 2.

5. Ax =2.00 X 10> m Ax 2.00 X 10° m

_ v 3
v =105.4 km/h (105.4k_m)( 1h )(10 m)

h /136005s/| 1 km

Vicar =0 m/s 1 5
b. Ax = vj 0, At 4500, At

2Ax  (2)(2.00 X 10> m) 5
Aegr = —— =~ = 18,57 m/s
Y e

6. v, =6.0m/s
i Ax = vAt +1aAP = (6.0 m/s)(3.0's) +1(1.4 m/s>)(3.05)> = 18 m + 6.3 m =
a=14m/s?
At=3.0s
7. v;=3.17 x 10 km/h 2 2 1h \(10°m
- 7;=3.17x 10" km (2.00 x 10% km/h — 3.17 x 10* km/h)
) vf—v; 3600s/\ 1km
z/f=2.00 X 10° km/h a= =
At 8.0s
At=8.0s 5
1h \/10
(117 km/h)(36oo )(1km)
S m
a= = [-4.1 m/s*
e
1 2 2 1h 103 m 1 2 2
Ax = I/,‘Al’ +EﬂAt = (317 X 10 km/h)(m)( Tk )(80 S) +E(—41 m/s )(80 S)
S m

Ax = (7.0 10*m) + (=130 m) =

Il Ch. 2-6 Holt Physics Solution Manual
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8.

v;=0m/s vr=vi 3.06m/s—0m/s
: A= L YY)
vp=3.06 m/s a 0.800 m/s
_ 2
@ =0-800 m/s Ax; = vAL +3aAt;? = (0 m/s) (3.82'5) +1(0.800 m/s?) (3.825) = 5.84 m
At,=5.005

Axy= viAty = (3.06 m/s)(5.00s) =15.3 m

Axtatz AXI +AX2= 584m+153m=

= 2 1h \(10°
9. vy =3.50x10"km/h ( ) (3.50 x 10° km/h—Okrn/h)(3600 )(1km
vf—v; S m
v; =0km/h =0 m/s At = 0 =[243s
’ , a (4.00 m/s?)
a=4.00m/s
Ax = vAt+3aAF = (0 m/s)(24.3 5) +5(4.00 m/s”)(24.3 )
Ax=1.18x10°m=|1.18 km
10. v;=24.0m/s vp= vi+ aAt = 24.0 m/s + (~ 0.850 m/s>)(28.0s) = 24.0 m/s — 23.8 m/s =
a =-0.850 m/s
At=28.0s
11. a =+2.67 m/s® viAt= Ax —lanr?
Ar=150s A 6.00 % 102
X . m
Ax = 46.00 x 10%m v;= vin %aAt = “os %(2.67 m/sz)(lS.O s) =40.0 m/s — 20.0 m/s = | +20.0 m/s
12. a=7.20 m/s? vi=vf —alt
At=250s ;=(3.00 X 10> m/s) — (7.20 m/s%)(25.0's) = (3.00 x 10> m/s) — (1.80 x 10° m/s)
v =3.00 X 10> ms v;=[1.20x 10> m/s
13.

vj=0m/s Ax = v;At + %aAtz

_ 2
Ax=1.00x10"m Because v;=0 m/s,

At=12.11s 5
2Ax  (2)(1.00 X 10° m) 2
a=—F=——"—""——>-—=|136m/s
YCRRTERTIRE
14. v; =3.00 m/s 2(Ax—vAt)  (2)[1.00 x 10> m — (3.00 m/s)(12.11s)]
a= =
Ax=1.00% 10 m Ar? (12.115)2
At=12.11s ~(2)(1.00x 10° m — 36.3 m)
(12.11 5)
(2)(64 m) ;
a=———— ={0.87m/s
XIS
15. vy =30.0 m/s vF—v;  30.0m/s—18.0m/s 12.0m/s 2
a= = = =|1.5m/s
1/<:180m/s At 8.0s 8.0s
; .
At=80s

Section Two — Problem Workbook Solutions Il Ch. 2-7
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- Vi = 1h \}10° m)?2
1. v;=0km/h o [(965 K/ ? — (0 km/h)z}( )( m>
vy =965 km/h szyf Ui 236005 1 km
2)(4.0 m/
a=4.0 m/s> 2a (2)(4.0 m/s”)
7.19 x 10*m?/s? s
Ax = — — =9.0x10°m=|9.0km
8.0 m/s2 -

2. 1v;=(0.20) V¢
VUpax = 2.30 X 10° km/h Ax
vy =0km/h 2a (2)(-5.80 m/s?)

4 2,2
a=-5.80 rIl/S2 —1.63 X 10"m~/s 3 -
Ax=———5—=141%x10"m=|1.41 km
—~11.6 m/s® -

2 3 2
2_ .2 (0 km/h)? = (0.20)% (2.30 x 10> km/h)? 1h }*(10°m
S A 3600s/ | 1 km

_ 2 1h \%(10° m\?
3. 1y =9.70 x 10" km/h o 5 (970 x 10% km/h)? —(0.50)% (9.70 x 102 km/h)? o
vt = 3600s/ | 1 km
v;= (0.500)1/f Ax= = 5
5 2a (2)(4.8 m/s”)
a=4.8m/s i3 2
1h (10
(9.41 % 10° km%/h)? —2.35 x 10° km?/h2)|——— o
3600's) | 1 km
Ax = 3
(2)(4.8 m/s?)
1h \¥10° m\?
(7.06 x 10° kmz/hz)( ) ( 0 m)
3600s/) | 1 km
Ax= 5
(2)(4.8 m/s”)
A 5.45 x 10*m?/s> 57 % 107
X= ———— = D. m= . m
9.6 m/s’
4. /,=80m/s vp =/2aAx + 1,2 =/(2)(2.0 m/s?) (40.m) + (8.0 m/s)” = /1.60 x 10°m?/s” + 64 m?/s”
Ax=40.0m vp=+/224 m2/s’= +15m/s=
a =2.00 m/s®
5. Ax =+9.60 km vi= V= 2aAx= V(0 m/s)* - (2)(-2.0 m/s")(9.60 x 10° m)

a=-2.0m/s>

v;=1/3.84 X 10*m?/s> = +196 m/s = | +196 m/s

vf= 0 m/s
6. a =+0.35 m/s’ V= \/2an +vt= \/(2)(0'35 m/s?)(64 m) + (0 m/s)°
vi=0mis =5 ms? = 6.7 mis = [+6.7 s |
Ax =64 m
7. Ax=44.8 km Ax 44.8%10° m
a. v, =—= - =1[12.4m/s
Af = 60.0 min “& At (60.0 min)(60 s/min)
a=-2.0 m/s? b. vp=+/2aAx+v? =/(2)(-2.0 m/s?)(20.0 m) + (12.4 m/s)?
Ax=20.0m
ve = \/(—80.0 m?s?) + 154 m?/s? = \/74 m%/s’=+8.6 m/s = -8.6 m/s
v;=12.4m/s !
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8. Ax=2.00x10*m vi= \Jvf = 2aAx =4/(25.0 m/s)* — (2)(1.20 m/s?)(2.00 x 107 m)

a=1.20m/s’ v;=+/625 m%/s> — 4.80 X 10°m?/s’

vp =250 m/s v;= /145 m%/s> = +12.0 m/s = [12.0 m/s

9. Ax=4.0%x10°m

1h \2(10° m\*
2.50 x 10% km/h)? = (0 km/h)? || ——
At=11.55 VfZ _ 1/,'2 |:( )" ( ) 3600s/ \ 1 km
v;=0km/h T oA (2)(4.0 x 10° m)
vf= 2.50 x 10° km/h 4.82 X 103mz/s2
ag=——5—=16.0 m/s2
8.0 X 10° m
10. v;=25.0 km/h 1h \2/10° m\*
ST , [(o km/h)* - (25.0 km/h)2]< ) ( )
1/f=0km/h a:uf—z/,- _ 736005 1 km
2Ax (2)(16.0 m)
Ax=16.0m
—4.82 m?/s’ AP
a=———=|-1.51m/s
32.0m
Additional Practice F
1. Ay=-343m vp=+2aAy + v =/(2)(-9.81 m/s?) (=343 m) + (0 m/s)? = /6730 m?/s”
a=-9.81m/s>
ve= 182.0 m/s = |—82.0 m/s
o om y
2. Ay=+4.88m vp= y2aAy + v =1/(2)(~9.81 m/s?)(4.88 m) + (9.98 m/s)? = /~95.7 m’/s? + 99.6 m’/s”
v;=+9.98 m/s
2 vp=4/3.90 m?/s’ = +1.97 m/s =
a=-9.81 m/s
3. Ay=—443m+221m vp=+2aAy — v} =/(2)(=9.81 m/s?)(~222 m) — (0 m/s)? = /4360 m%/s’
=-22m
a=-981 m/s> vf =366.0 m/s = | -66.0 m/s
v; =0m/s
4. Ay=+64m Ay = viAt+3aAP
a=-9.81 m/s>
N Ay—3aAf  64m-2(-9.81m/sH)(3.05°  gam 4 asm
=2. v, = = =
! At 3.0 3.0
108 m
v; = =36 m/s initial speed of arrow = | 36 m/s
= o p 136 ms |
5. Ay=-111m Ay =v; At+3aAr
Ar=380s 5 Ay—-3aAf  —111m-1(-9.81m/s?)(3.805)°  _111m+70.8m
a=-9.81m/s == : 150 ZT
. . S
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6. Ay=-228m
a=-9.81m/s’

v;=0m/s

Solutions
When v; =0 m/s,

2Ay (2)(=228 m)
em (B[O
a -9.81 m/s* -
In the presence of air resistance, the sandwich would require more time to fall be-
cause the downward acceleration would be reduced.

7. v;=12.0 m/s, upward =
+12.0 m/s

vy =3.0 m/s, upward =
+3.0 m/s

a=-9.81 m/s

vyt -v? (3.0m/s)2 - (120m/s)? 9.0 m/s? — 144 m?/s?

Ay

2a (2)(=9.81 m/s?) (2)(=9.81 m/s?)
—135 m%/s?
= -=6.88m
~19.6 m/s

height of nest from ground = h

yi=150m Ay=h-y; h:Ay+yi:6.88m+1.50m:
8. Ay=+43m Because it takes as long for the ice cream to fall from the top of the flagpole to the
2 ground as it does for the ice cream to travel up to the top of the flagpole, the free-fall
a=-9.81m/s case will be calculated.
vp=0 m/s

Thus, v; =0 m/s, Ay=—43 m,and Ay = %aAtz.

2Ay (2)(-43 m)
At= | = [/ - 130
a —9.81 m/s?

9. Ayax =121 cm
a=-9.81m/s’
vp=0m/s
Ay=+7.0 cm

Vi =AJvf = 200,05 = \/ (0 m/s)? — (2)(=9.81 m/s?)(2.1 x 10~ m) = 1/4.1 m%/s*

v; = +2.0 m/s

For the flea to jump +7.0 cm = +7.0 X 102 m= Ay,

Ay = vAt+ %aAt2 or %aAt2 +vAt—Ay =0
Solving for At by means of the quadratic equation,
, [a
-v; £ [(v;)" -4 3 (-Ay)
At =
a
21—
A ~2.0m/s + /(2.0 m/s)> = (2)(=9.81 m/s?)(~7.0 X 10> m)
=
—9.81 m/s?
A —2.0m/s+ \/4.0 m?/s* — 1.4 m%/s” _ 2.0m/s /2.6 m?/s®
- ~9.81 m/s* - 9.81 m/s’
2.0 m/s £ 1.6 m/s
At=" = " =037s0r0.04s
9.81 m/s

To choose the correct value for At, insert At, a, and v; into the equation for vf.
vp= alAt +v; =(-9.81 m/sz)(0.37 s)+2.0m/s
vp= (-3.6 m/s) +2.0 m/s=—1.6 m/s
vp=aAt+v;=(-9.81 m/s>)(0.04's) + 2.0 m/s
vp= (=0.4 m/s) + 2.0 m/s =+1.6 m/s

Because vy is still directed upward, the shorter time interval is correct. Therefore,
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Two-Dimensional
Motion and Vectors

Additional Practice A

Givens Solutions
1. At,=7.95s d? = Ax? + Ay?
Ay=161m Ax=1/d* - Ay? =/(226 m)? - (161 m)?> = 1/5.11 x 10 m? — 2.59 x 10? m?

d=226 m Ax=+/2.52x 10" m? =159 m

Ax 159m
V=——= =120.0 m/s
TR

2. d;=5.0km Axyy; = dj(cos 6;) + dy(cos 0,) = (5.0 km)(cos 11.5°) + (1.0 km)[cos(—90.0°)]
0;=11.5° Axyp=4.9 km
@°=10km Aygor = dy(sin 6)) + dy(sin 65) = (5.0 km)(sin 11.5°) + (1.0 km)[sin(=90.0 )]
6,=-90.0° =1.0km — 1.0 km
Ayior=0.0 km

d=/(Axyo) + (Aygo)” = /(4.9 km)? + (0.0 km)°

A 0.0 k S
6=tan"! ot =tan"! ) _ 0.0 , or due east
A 4.9 km

Xtot

3. Ax =5 jumps 4= Ax? + Ay?

1jump =8.0m Ay=+Jd* = Ax? = /(68 m)> = [(5)(8.0 m)]> = /4.6 X 10’ m> = 1.6 X 10°> m’

d=68m Ay=1/3.0x10°m=55m
55
number of jumps northward = — 2P0 69 jumps =

8.0 m/jump
A 5)(8.0
Ay 55m
4. Ax=25.2km d=/Ax? + Ay? =/(25.2 km)? + (21.3 km)?

Ay=21.3km d=1/635 km” + 454 km® = /1089 km”

A 213k
6=tan"! 4 =tan"! m
Ax 25.2 km

0= | 42.6° south of east |
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5. Ay=-483m A —483
7 O=tan"! A P tan”! (—) =-65.0°= | 65.0° below the waters surface
Ax=225m x 225m
d=+/Ax* + Ay? =\/(225 m)? + (—483 m)?
d=1/5.06x 10* m*>+2.33 x 10° m* = 1/2.84 x 10° m’
6. v=150m/s d* = Ax® + Ay = (vAL)? + (vAL)?
At,=8.0s d*= I/Z(Atx2 + Atyz)

d=180.0 m A, \/(g
v

2 2

180.0 m

— A= \/ ———— | —(8.05)>=4/144 5>~ 64 s> =/8.0x 10§
15.0 m/s

Aty=

Aty =22.0 min

7. v=8.00 km/h d=\/Ax2+Ay2=\/(z/Atx)2+ (Z/At},)2
At, =15.0 min

=vyJAL7 + At}

1h
d=(8.00 km/h)(60 ) /(15.0 min)? + (22.0 min)?

lh

min

8.00 km :
d= 709 min“ = | 3.55 km
( 60 min ) \/ I—,

1A [ VAL, 1 [At _1(22.0 mi
6=tan 2 =tan'[—Z|=tan! || = tan™" ﬁ
Ax VAL, At 15.0 min

0= | 55.7° north of east|

d=(8.00 km/h)(6 ) 1/225 min? + 484 min’

Additional Practice B

1. d=(5)(33.0cm A 88.0
5X ) 0= sin_l(—y) = sin_l{%} = | 32.2° north of west |

Ay=288.0 cm

d )(33.0 cm)

Ax =d(cos ) =(5)(33.0 cm)(cos 32.2°) = | 1.40 X 10% cm to the west |

2. 9=60.0° Ax = d(cos 8) =(10.0 m)(cos 60.0°) =
d=10.0m
Ay = d(sin 6) = (10.0 m)(sin 60.0°) =

Finding the angle between d and the x-axis yields,

amioom 0;=sin”" <&> =sin”! <_6'10 m) =-363°
Ay=-6.10m ! d 103 m
The angle between d and the negative y-axis is therefore,
6=-90.0 — (=36.3°) = —53.7°
6= | 53.7° on either side of the negative y-axis |
d*+ A+ A}
Ax=+/d* = Ay? = /(10.3 m)? — (=6.10 m)? = /106 m — 37.2 m* = /69 m?
Il Ch. 3-2 Holt Physics Solution Manual
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4. d=(8)(4.5m)

6=35°

Solutions

Ax = d(cos ) =(8)(4.5m)(cos 35°) =
Ay = d(sin 6) = (8)(4.5 m)(sin 35°) =

5. v =347 km/h

v, =v(cos 0) = (347 km/h)(cos 15.0°) =

6=15.0° v, = v(sin ) = (347 km/h)(sin 15.0°) = | 89.8 km/h
1h 5 5
. v =372 km/h d =vAt= (372 km/h) 36005 (10° m/km)(8.7 s) =9.0 X 10° m
S
Ax =d(cos 8) = (9.0 x 10 m)(cos 60.0°) = | 450 m east
0 =60.0°
Ay = d(sin 6) = (9.0 x 10> m)(sin 60.0°) =
. d=14890 km d  1.489%x10%*km
Vppo = — = ———————— = -805 km/h
0=250° WE At 18.45h
At=185h vy = Z/u,/g(COS 0) = (805 km/h)(cos 25.0°) =

v, = Va,/g(sin 0) = (805 km/h)(sin 25.0°) = | 340 km/h south

. 1;=6.0 x 10> km/h

vp=2.3x10° km/h
At=120s

6 = 35° with respect to
horizontal

Additional Practice C

Av B Vf —v;
At At

1h
3600 s

(2.3 % 10> km/h — 6.0 x 10° km/h)( )(103 m/km)

a:
1.2x10%s

(1.7 x 10° km/h)( Lh
36

)(103 m/km)
00 s

a=
1.2%10%s

a=39m/s®

a, =a(cos 0) =(3.9 m/sz)(cos 35°) = | 3.2 m/s? horizontally |

a,= a(sin 6) = (3.9 m/s2)(sin 35°)=|2.2 m/s’ vertically

1. Ax;=250.0m

dy=125.0m
6, =120.0°

Ax, = dy(cos 05) = (125.0 m)(cos 120.0°) =—62.50 m
Ay, =d,(sin 6,) =(125.0 m)(sin 120.0°) = 108.3 m
Axpr = Ax; + Axy =250.0 m — 62.50 m = 187.5 m

Ay =Ay; + Ay, =0m+108.3 m=108.3 m

d =/(Ax)? + (Ayso)? =4/(187.5 m)? + (108.3 m)>

d=4/3.516 x 10" m® + 1.173 x 10 m? = 1/4.689 x 10 m?

A 108.3 m
0=tan"! 2tot) _ tan”![———| = | 30.01° north of east
Xior 187.5m
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2. v =3.53x%10" km/h Ax; =vAty(cos 0;)
At; =20.0
! s Ax; = (3.53 % 10° km/h)( )(103 m/km)(20.0 s)(cos 15.0°) = 1.89 x 10* m
At,=10.0's 3600s
0,=15.0° Ay; =vAt)(sin 6;)
o 1h
6, =35.0 Ay; =(3.53 x 10’ km/h) (3600 ) (10° m/km)(20.0 s)(sin 15.0°) = 5.08 X 10° m
S
Ax, = vAty(cos 65)
1h
Ax, = (3.53 % 10° km/h) (10> m/km)(10.0 s)(cos 35.0°) = 8.03 X 10° m
3600 s
A)/2 = I/Atz(sin 92)
1h
Ay, =(3.53%10° km/h)(3600 )(103 m/km)(10.0 s)(sin 35.0°) = 5.62 X 10° m
S
Aygor =Ay; +Ay; =5.08 X 10° m +5.62x 10° m = | 1.07 X 10* m
Axypr = Ax; +Ax; =1.89 % 10* m +8.03x 10° m = 2.69 x 10* m
d=/(Ax;0)* + (Ayien)? =1/(2.69 X 10" m)? + (1.07 x 10% m)?
d=1/7.24x10°m? + 1.11 x 10° m?=1/8.35 x 10° m
d={2.89x10*m
A 1.07 x 10*
O=tan"! Jiot =tan"! 4rn
Xiot 2.69x 10" m
0= | 21.7° above the horizontal|
3. Ax; +Ax; =2.00x 10° m Ay; =d;(sin 8;) =—Ay, =—d,(sin 6,)
Ay, +Ay, =0 in 6 in(—45.0°
e dy =, [S002| g (SO
91 =30.0° Sin 91 sin 30.0°
0, =—45.0° Ax; =d;(cos 0;) = (1.41d,)(cos 30.0°) = 1.22d,
v =11.6 km/h Ax, = dy(cos 0,) = d,[cos(—45.0°)] =0.707d,

Ax; + Axy = dy(1.22+0.707) = 1.93d, = 2.00 X 10° m
d, = (1.41)dy = (1.41)(104 m) =

1h
1/—116km/h—(116km/h)( 36500 )(10 m/km) =3.22 m/s

g i (147m |
== | = 7s
! 3.22 m/s

At d, 104 m 123
=== JS
2 v 3.22 m/s

Aty = Aty + Aty = 45.7 s+ 323 s =
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4. y=925km/h d; = vAt; = (925 km/h)(10* m/km)(1.50 h) = 1.39 x 10° m
At;=150h dy = vAt, = (925 km/h)(10% m/km)(2.00 h) = 1.85 x 10° m
At,=2.00h Ax;=d;=139%x10°m
6,=135° Ay;=0m

Ax, = dy(cos 6,) = (1.85x 10° m)(cos 135°) =—1.31 x 10° m

Ay, = d,(sin 6,) = (1.85 x 10° m)(sin 135°) = 1.31 x 10° m

Axypr = Axp + Axy;=1.39 x 10° m + (- 1.31 x 10° m) = 0.08 x 10° m

Ayir =Ay; +Ay;=0m+ 131 x10° m=1.31 x 10° m

d = /(Axy0)? + (Aysor)? = 4/(0.08 x 10° m)? + (1.31 x 10° m)?

d=\/6><109m

21 1.72x 102 m?=4/1.73 x 1012 m?

d=]132x10°

m=1.32><103km|

0.08 x 10° m

(A L [1.31%x10°
6 = tan I(L‘”) = tan 1(—m) = 86.5° =90.0° — 3.5°

Xtot

6 =|3.5° east of north

5. v=57.2 km/h d,=vAt; = (57.2 km/h)(2.50 h) = 143 km
At;=2.50h d,=vAt,=(57.2 km/h)(1.50 h) = 85.8 km
At,=1.50h Ayor=dj+ dy(cos 65) = 143 km + (85.8 km)(cos 30.0°) = 143 km + 74.3 km =217 km
0,=30.0° Ay = dy(sin ;) = (85.8 km)(sin 30.0°) = 42.9 km

d=/(Axp)* +

(Ayio? =+/(217 km)? + (42.9 km)

d=1/4.71 x 10" km? + 1.84 x 10° km? = 1/4.89 x 10? km?

Xtot,

217 km

A 42.9 km
0= tan_l(ﬂ) = tan_l( ) = | 11.2° north of east

Additional Practice D

a

1. 1, =9.37 m/s At_\/@_A_x
Ay=-2.00m by I
o > oA 2)(=2.00
a,=-g=-9.81m/s Ax=v, 2y (9.37 m/s) Lﬁ;) =598 m
(—9.81 m/s”)

y

| The river is 5.98 m wide.|

2. Ax=7.32km Ar= 2Ay _Ax
Ay =-8848 m ay  Vx
= 2 a —
a,=—-g=-9.81 m/s o= | Ax= | (-9.81 m/s%) (7.32%10° m) =
2Ay (2)(~8 848 m)

No. The arrow must have a horizontal speed of 172 m/s, which is much greater than

100 m/s.
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3. Ax=471m At—Ax
v; =80.0 m/s Vx
e 2 Ax —9.81 m/s)(471 m)?
a, g 9.81 m/s A _ _a (At) ( 2) ( m/s7)( 2m) =-1.70 X 102 m
21/x (2)(80.0 m/s)
The cliff is 1.70 x 10° m high.
4. y,=372km/h Are Ax
Ax=40.0 m Vx
a,=—g=—9.81 m/s’ a, (Ax)? (~9.81 m/s%)(40.0 m)*

1 2 y
A}/= an (At)” = =

2w 3m\[
x (2)[(372 km/h)( 1h )(10 m)}
3600s)| 1 km

Ay=—0.735m

The ramp is 0.735 m above the ground. |

5. Ax=25m

v,=15m/s

a,=-g=-9.81 m/s?

Ax
At==
Vx

A0l (-9, 2 2
Ay = %ay(At)z _ a, (Ax) _ (-9.81 m/s")(25 m)

h=25m 2wl (2)(15m/s)?
Ay=h—H=-14m
W=h—Ay=25m— (-14 m)
“[on)
6. /=420m B / A_x
v
/ [(-9.81 m/s’ )
= - " 7 (420m)=|64m/s
Ax=/ (2)(-210m)

a,=-g=-9.81 m/s?

7. Ay=-245m
v=12.0m/s

a,=-g=-9.81 m/s?

2
v, =2a,Ay

= sz + l/yz = sz +2a,Ay

v =12 = 2a,Ay =1/(12.0 m/s)* — (2)(~9.81 m/s?)(~2.45 m)

= /144 m%/s> — 48.1 m%/s>
=4/96 n12/s2
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8. Ay=-19m
v, =3.0m/s

a,=-g=-9.81 m/s?

Solutions

2_
v,"=2a,Ay

v= \/vxz + vy2 = \/vxz +2a,Ay

v =+/(3.0 m/s) + (2)(-9.81 m/s>)(~1.95 m)

v= \/9.0 m?/s? +38.3 m?%/s* = \/47.3 m?/s* = | 6.88 m/s

L [V @)(-9.81 m/s?)(=1.95 m)

2a,A
f=tan! %)= tan”! NG tan
Uy Uy 3.0 m/s
0= | 64° below the horizontal |
Additional Practice
1. Ax=201.24
x m Ay=v; (sin 9)At+ (A1) = v, (sin 6) += ayAt 0
6=35.0°
a,=-g=-9.81 m/s’ Ax=wvj(cos O)At
A
At:—x
vi(cos 6)
. 1 Ax
v;(sin 0) = ——a,|————
2 7| v{cosB)
—a,Ax  [-(-9.81 m/s’)(201.24 m)
2(sin )(cos 6) - (2)(sin 35.0°)(cos 35.0°)

2. Ax=9.50x 10’ m
6 =145.0°

a,=-g=-9.81 m/s?

Using the derivation shown in problem 1,

| —aAx Ax \/ —(=9.81 m/s%)(9.50 x 10? m)
V 2(sm 6)(cos 6) (sin 45.0°)(cos 45.0°)

v; =96.5m/s

At the top of the arrow’s flight:

v=v,=v;(cos 8)=(96.5m/s)(cos 45.0°) =

3. Ax=27.5m
6 =50.0°

a,=-g=-9.81 m/s?

Using the derivation shown in problem 1,

| —aAx Ax \/ —(—9.81 m/s?)(27.5 m)
\/ 2(s1n 0)(cos 6) 2)(sin 50.0°)(cos 50.0°)

4. Ax=44.0m
6=45.0°

a,=-g=-9.81 m/s*

Using the derivation shown in problem 1,

—a,Ax | —(-9.81 m/s®)(44.0 m)
2(sin 6)(cos 6) (2)(sin 45.0°)(cos 45.0°)
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b. At maximum height, v, ; =0 m/s
2 2
Vyf =y +20,AY0c=0
—vy & —v(sin > —(20.8 m/s)*(sin 45.0°)
Ymax = = = > =11.0m
2a,, 2a, (2)(-9.81 m/s”)
| The brick’s maximum height is 11.0 m. |
2 2
—,, { —(20.8 m/
c. y, =i —(208m/s) — =221m
2a,, (2)(—9.81 m/s”)
| The brick’s maximum height is 22.1 m. |
5. Ax=76.5m At maximum height, vy f= 0 m/s.
0=12.0° Uyt =y i+ 28, A g =0
a,=-g=-9.81 m/s’ Uy ,-2 B —1/,-2(sin 6)
Ymax = B = 5
ay ay

Using the derivation for #;* from problem 1,

—a,Ax -| —(sin 6)° _ Ax(sin §)  Ax(tan 0)

Ay pax= P(Sin 0)(cos Q)J 2a, 4(cos 6) - 4

(76.5 m)(tan 12.0°)
AV ax= 2 =4.07m

6. V)00 =5.82 m/s

Vi pall = 2Vrynner

In x-direction,

Ui,ball(cos 0) = 2013ner(COS 0) = Vpyprper

2(cos ) =1
6= cos_l(%) =
7. v;=8.42m/s For first half of jump,
_ o 1.40
0=552 Aty=——2 207005
At=1.40
s Ay=v;(sin O)At; +3a,(At))* = (8.42 m/s)(sin 55.2°)(0.700 5) +3(~9.81 m/s?)(0.700 5)*
a,=-g=-9.81 m/s”
Ay=484m—-240m=244m
The fence is 2.44 m high. |
Ax=v;(cos O)At
Ax=(8.42 m/s) (cos 55.2°)(1.40 s) =
8. v;=22m/s Ax=v;(cos O)At= (2.2 m/s) (cos 21°)(0.16 s) =
6=21°
At
At=0.16s Maximum height is reached in a time interval of —
2
o= 2 At At
ay=—g=—9.81m/s Ay =vi(sin 9)(7) + %ay(g)
2
0.16 0.16
AY o= (2.2 m/s)(sin 21°) ( 5 S) +1 (081 m/52)< ; S)
AYpax=63%102m-3.1x102m=32x10°m=3.2cm
| The flea’s maximum height is 3.2 cm. |
Il Ch. 3-8 Holt Physics Solution Manual
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Additional Practice F

Givens

1. vge = 126 km/h north
vgs = 40.0 km/h east

Solutions

Vge= Vg + 15 = V(40.0 km/h)* + (126 km/h)®

Vge="V1.60 x 10° km*/h” + 1.59 x 10* km/h’

vge=V1.75x 10" km/h =

126 km/h
6=tan"! se) _ tan 1 7/ = | 72.4° north of east
Vgs 40.0 km/h

2. vye =—3.00 x 10> km/h
Vpw =4.50 x 10° km/h
Ax =250 km

Vpe= Upyy + Ve =4.50 X 10> km/h — 3.00 x 10° km/h = 1.50 x 10> km/h

Ax 250 km
At=—=————— =|1.7h
Vpe 1.50x 10*km/h

3. Viw =9.0 m/s north
Vb = 3.0 m/s east

At =1.0 min

Vib = Viw T Vwb

vy = \/vth + I/Wb2 = \/(9.0 m/s)? + (3.0 m/s)? = \/81 m?/s? +9.0 m?/s?

i =4/9.0 X 10" m%/s?

vy =9.5m/s

60s
Ax=vgAt = (9.5 m/s)(1.0 min =[570 m
A= (95 i) >(1mm)
3.0 m/
6=tan! Ywb =tan! e 18° east of north
9.0 m/s

Vtw

4. v, =40.0 km/h forward
Viw = 16.0 km/h forward
Ax=60.0 m

Vef = Vew — Viw = 40.0 km/h — 16.0 km/h = 24.0 km/h toward fish

At:A—xz 60.0 m :

v 3
T a0 kIIl/h)(sslo}(l) s)(llok;l )

5. vig=90.0 km/h
Vg = -90.0 km/h
At=40.0s

Vi2=ViE ~ V2E

v15 = 90.0 km/h — (=90.0 km/h) = 1.80 x 10? km/h

1h \/[10°
Ax = vj,At = (1.80 X 10 km/h) ) 40.0's) = 2.00 X 10° m = 2.00 km
3600s)\ 1km

The two geese are initially 2.00 km apart |

6. Ve = 18.0 km/h forward

Vie=0.333 Ve
= 6.00 km/h forward

Ax=12.0m

Vmr = Vme — Vre

Vpr = 18.0 km/h — 6.0 km/h = 12.0 km/h

vor (120km/h) | Th |\10°m

Ax 120 m (3600 s) ( 1 km)
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Problem Workbook Solutions

Forces and the
Laws of Motion

Additional Practice A

Givens Solutions
1. a. b.
1::Earth-on diver Fair resistance-on diver
FEarth-on diver

2.

Fscale-on-sack

Fchef-on-sack I::l
FEarth-on-sack
y

3.

Fﬂoor—on—toy—vertical

Fﬂoor—on-toy-horizontal E; F
handlebars-on-toy

I:Earth—on—'(oy

Additional Practice B

1. m,=75kg
my=275kg
g=9.81 m/s?

The normal force exerted by the platform on the weight lifter’s feet is equal to and
opposite of the combined weight of the weightlifter and the pumpkin.

Frer=Fp—m,g— mngO
F, = (m,,+ m,)g=(75kg+275kg) (9.81 m/s’)
F, = (3.50 x 10> kg)(9.81 m/s?) = 3.43 x 10° N

F,=[3.43% 10°N upward against feet
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Givens Solutions

2. my=253kg Fpet=Fp 1+ E, p— myg—m,g=0
m,, =133 kg The weight of the weightlifter and barbell is distributed equally on both feet, so the
g=9.81m /2 normal force on the first foot (F,, ;) equals the normal force on the second foot (F,, ,).
2F, = (my+ m,)g=2F, »
(253 kg + 33 kg)<9.81 Ez)
B o=F .= (mb+mb)g: S
n,1 n,2 ) 5
386 kg)(9.81 m/s”
Fyy= Fyp= g)(2 ) 189x10°N
Fp1=Fyo= | 1.89%x 10° N upward on each foot
- 2_ 2 2
3. Fiown=170N Fuet = Fforward + Faown
Fpee=4.90 N Eporward = Fuei’ = Faown =4/ (4.90 N)? = (1.70 N)?
2
Forward=y/21.1 N? = [ 459 N
4. m=3.10x 10> kg F pet=ZF, = Fr(sin 6) + Fp,(sin 6,) =0
g=9.81 m/s Eynet=2F, = F(cos 0;) + Fr(cos 6) + Fg=0
6, =30.0° Fr(sin 30.0°) = —Fr[sin (-=30.0°)]
92:—30.00 F']:1=F7:2

Fri(cos 6) + Frj(cos 6;) = —Fy=mg
Fry(cos 30.0°) + F;[cos (=30.0°)] = (3.10 x 10% kg)(9.81 m/s?)

~ (3.10x 107 kg)(9.81 m/s%)
~ (2)(cos 30.0°) [cos(~30.0°)]

Fry=Fr,=[176 x10° N

As the angles 8; and 6, become larger, cos 8; and cos 6, become smaller. Therefore,
Frpjand Fp, must become larger in magnitude.

T1

Il Ch. 4-2 Holt Physics Solution Manual
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Givens Solutions

5. m=155kg Fy et = Fr1(cos 0)) — Fry(cos 6,) =0
Fp;=2Fp, Eyner=Frj(sin 0;) + Fp(sin 6,) — mg=0
g=9.81 m/s? Fr[(cos ;) —%(cos 6,)]=0
6;,=90°- 6, 2 (cos 6;) = cos B,=cos(90° — 6;) =sin 6;

2 =tan 6;

6;=tan"'(2) = 63°
6,=90° — 63° = 27°

F
Fp(sin 6;) + ;1(sin 6,) = mg
mg
Frp= 1
(sin 0;) +£ (sin ©,)
(155kg)(9.81 m/s?)  (155kg)(9.81 m/s>) (155 kg)(9.81 m)
T1= = =

(sin 63°) +(Sin_227°) T 0.89+0.23 112

Fr;=|1.36x 136X 10° N |

Fr,=|6.80x 10N

Additional Practice C

1. ;=173 km/h v —v?  [(0km/h)* - (173 km/h)?}(10° m/km)*(1 h/3600 s)*
a= =

vy=0km/h 2Ax (2)(0.660 m)
Ax=0.660 m a=-1.75x10° m/s®

m=70.0 kg F=ma=(70.0kg)(~1.75 x 10°> m/s*) = | -1.22° X 10° N
=9.81 m/s>
§ Fy=mg=(70.0kg)(9.81 m/s?) = [6.87 x 10* N

The force of deceleration is nearly 178 times as large as David Purley’s weight.

2. m=2232x10°kg a. Fyp=may,=F,,—mg
g=9.81 m/s’ Eyp=maye+ mg=m(a,,+ g = (2.232 x 10° kg)(0 m/s® +9.81 m/s?)
b. Fjyn= mg(sin 6)
Fuer _ Fup= Faoun _ mg=mg(sin 0

Aper =

m m

9.81 m/s?
et =g(1 — sin 6) = (9.81 m/s?)[1.00 — (sin 30.0°)] = — - 4.90 m/s?

Apet = | 4.90 m/s’ up the incline

3. m=40.00 mg Friet = Fpeetle = Fg= may ;= m(400.0) g

—5
=4.00x 10 k
& Focette = Frer+ Fg= m(400.0 + 1)g= m(401)g

=9.807 m/s’ _ -
g s Fieerte = (4.000 x 10~ kg)(9.807 m/s?)(401) = [ 1.573 x 10" N

= (400.0 _
et = (400.0)g Fpet = Fpeette — Fy = m(400.0) g= (4.000 x 10~ kg)(9.807 m/s?)(400.0)

Fpp=|1569%x 107N

The effect of gravity is negligible.
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4. m,=54.0kg
m,,=157.5kg
Aper=1.00 m/s

g=9.81 m/s>

Solutions

The net forces on the lifted weight is

Fopnet= Mylper=F' —m,g

where F’ is the force exerted by the athlete on the weight.
The net force on the athlete is

Fopner=Fy1+ Fpo— F' = mag=0

where F,, ; and F,, ; are the normal forces exerted by the ground on each of the ath-
lete’s feet, and —F” is the force exerted by the lifted weight on the athlete.

The normal force on each foot is the same, so

F,;=F,,=F, and

F' =2F,—m,g

Using the expression for F” in the equation for F,,, ., yields the following:

Mter= (2, = M) = g

2F, = m(aye+ Q) + myg

Mo+ 9 + myg  (157.5kg)(1.00 m/s” +9.81 m/s”) + (54.0 kg)
2 2

o 1575kg)(10381 m/s?) + (54.0 kg)(9.81 m/s?)
n:
2

F,=

: 1702 N +530x 10°N 2232 N
n: =
2

F,;—F,,=F,=|1116 N upward

=1116 N

5. m=2.20x10%kg
Aper="75.0 m/s’

g=9.81 m/s?

Frjer=mayer = Favg_ mg
Foyg= m(aye + §) = (2.20 x 10° kg)(75.0 m/s* + 9.81 m/s”)
Fppg=(2.20 X 10° kg)(84.8 m/s”) = 1.87 x 10* N

Fayg=|1.87 % 10* N upward

6. m=2.00x 10* kg

vf—v;  (1.0m/s—0.0 m/s)

Aot = = =0.40 m/s’
At: 2.5 et At 2.5s
v;=0m/s Fpet= may,;= Fr—mg
vp=1.0m/s Fr=maye+ mg=m(aue+ g
_ 4 2 2
g=9.81 mJs? Fr=(2.00 x 10* kg)(0.40 m/s* + 9.81 m/s?)
Fr=(2.00x 10% kg)(10.21 m/s*) = 2.04 x 10° N
Fr={2.04x10°N
7. m=2.65kg Fy pet= Fr(cos 8;) — Fry(cos 6,) =0
6,=0,=45.0° Fr1(cos 45.0°) = Fp5(cos 45.0°)

Aper=2.55 m/s’

g=9.81 m/s”

F'E1=F]:2

F

et = MAper = FI](Sin 91) + FT}Z(Sin 92) —mg

Fr=Fp=Fpp

6=6,=6,

Fr(sin 6) + Fy{sin 6) = m(a,e;+ 9)
2F{sin 0) = m(a,,;+ g

Il Ch. 44 Holt Physics Solution Manual
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Givens Solutions
_ m(agtg)  (2.65kg)(2.55 m/s’=9.81 m/s?)
= 2Ging) (2)(sin 45.0°)
2.65 kg)(12.36 m/s’
T:( g)_( W) 30N
(2)(sin 45.0°)
Fr;=232N
Fr,=232N
8. m=20.0k 2_u?  (0.550 m/s)® — (0.00 m/s)? _
" § = L (03308 QOmIS) _ g 7,52 12
Ax=1.55m 2Ax (2)(1.55 m)
im0 s Foppt = Mayer= (20.0 kg)(9.76 x 107> m/s2) =
vy =0.550 m/s
9. m,,,,=70.0kg Frax= My = Fr
m=45.0 kg Fpuax = (70.0 kg)(9.81 m/s®) = 687 N
g=9.81 m/s F,er =maye = Fr—mg=F,,,.—mg
F 687 N
Aoy = 22— g= —9.81 m/s* = 15.3 m/s* — 9.81 m/s* = 5.5 m/s”
45.0 kg
Apet = (5.5 m/s upward
10. m=3.18x 10° kg Foet = Fapplied = Friction= (81.0x 10> = 62.0 X 10° N)
Fopplied=81.0x 10’ N Fper =19.0X10° N

Fpriction=62.0x10° N

m

E 19.0x 10° N
per = 2 = |[—————|={5.97x 1072 m/s*
3.18x 10 kg

3
11. m=3.00x 10" kg Frer = Mayes= Fapplied(c0s 6) = Fopposing
Fapplied=4-00 X 10°N - Fapplied(cos 6) — (0.120) mg
net —
6=20.0° mn
4.00 x 10° N)(cos 20.0°) — (0.120)(3.00 x 10° kg)(9.81 m/s”
Fopposing = (0.120) mg o0 = ( )( )= ( 3)( g)( )
, 3.00 X 10° kg
g=9.81m/s 3 3 5
3.76 X 10° N —-3.53 x 10" N 2.3x10°N
Apor = =
et 3.00 X 10° kg 3.00 % 10 kg
Aper = | 7.7 % 1072 m/s”
12. m.=1.600 x 10° kg For the counterweight: The tension in the cable is Fr.

m,,=1.200 x 10° kg
v;=0m/s

g=9.81 m/s?
Ay=25.0m

Foer = Fr—myg=m,a,,

For the car:

Foer =meg— Fr=ma,,

Adding the two equations yields the following:
mg—m,g= (mw + mc) Apet

(m.—m,)g  (1.600x 10° kg — 1.200 x 10 kg)(9.81 m/s°)
me+m, 1.600 x 10° kg + 1.200 x 10° kg

(4.00 X 10° kg)(9.81 m/s?) 5
Appr = =11.40 m/s
et 2.800 x 10° kg
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Vp =/28,5Ay + v =+/(2)(1.40 m/s?)(25.0 m) + (0 m/s)?

13. m=409 kg a. Fypr= Foppliea— mg(sin 6) =2080 N — (409 kg)(9.81 m/s®)(sin 30.0°)
d=6.00m Frer=2080 N=2010N =70 N
6=130.0° Fpet = | 70 N at 30.0° above the horizontal |
2
=9.81 F, 70N
g m/s b. a,, = 2% = =0.2m/s?
Foppiica= 2080 N 409 kg

_ 2 o .
v;=0m/s Apet = | 0.2 m/s” at 30.0° above the horizontal |

c. d=vAt+ anetAt = (0 m/s)At+ (02m/s AP

/(2)(6 00 m)
(0.2 m/s -

F 57N
14. a,,.=0.25 m/s> a.m=-"% - __173x10%k
T

amax

Fpuax=57 N
max b. Fuo=Fpax— Fapp=57N-24N=33N
Fop=24N
PP F, 33N
net 2
Aoy = =—5—=|0.14m/s
" m T 23x10%kg
15. m=2.55x 10" kg a. Fy o = ZF = Mgy oy = Fr(cos O7) + Fying
Fr=7.56x10°N Fyper = (7.56 % 10° N)[c0s(~72.3°)] =920 N=2.30 X 10’ N = 920 N = 1.38 x 10° N
Or=-72.3° Eynet = LF, = may,,o;= Fr(sin Or) + Fyuoypant + Fg= Fr(sin 01) + Fyuopani— mg
Fpuoyant=3.10x 10* N Fypper = (7.56 X 10° N) [sin(~72.3°)] = 3.10 x 10" N = (2.55 X 10° kg)(9.81 m/s")
Fpind=—920 N Fpet =—7.20x 10° N +3.10x 10* N - 250 x 10* =-12x10°N
g=9.81 m/s® Fret =y (P e + (Eype)” =4/(1.38 X 10° N)? + (=1.2 X 10° N)?
Foper =4/1.90 X 10° N? + 1.4 x 10° N?
Frr=+/3.3x10°N*=1.8x 10° N
F -12x10°N
O=tan ||| = tan ! —_—
et 138 x 10° N
6=—41°
Foet = | 1.8 x 10° N at 41° below the horizontal |
Foe 18%10°N
b.a=—=—"""35—
m  2.55%x10° kg
4,0 =|0.71 m/s?
py—t50m er=0.71 m/s?
v;=0m/s c. Because v;=0
A}' 2 y,netAt

1
Ax= 2 Ay et AP
anet(cos 9) A}/

Ax= et Ay =02~ Ay=
Ay net angt(Sin 0) tan 0

—45.0 m
Ax=—————=|52m
iy~ o2
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Additional Practice D

Givens Solutions
1. m=110kg Fk:,uan:,ukmg
[1=0.39 F=(0.39) (11.0 kg)(9.81 m/s?) =
¢=9.81 m/s*
2. m=220x10"kg Fy ppax= UsFy = pgmg
= 0.220
’ , Fymax = (0.220)(2.20 x 10° kg)(9.91 m/s?) = [ 4.75 x 10° N
g=9.81m/s
3. m=25.0kg Fy pmax= sy,
Fapplied: 590N F, = mg(cos 6) + Fapplied
6=38.0° Fy max = Hs[mg(c0s 6) = Foppiical = (0.599)[(25.0 kg)(9.81 m/s?)(cos 38.0° +59.0 N]
Hs=0.599 Fy o= (0.599)(193 N + 59 N) = (0.599) (252 N) = [ 151 N
=9.81 m/s’
g m/s Alternatively,
Fper=mg(sin 0) — F; 15, =0
Fy pmax = mg(sin 6) = (25.0 kg) (9.81 m/s?)(sin 38.0°) = [ 151 N
4. 6=38.0° F,es=mg(sin ) — F=0
g=9.81 m/s* Fy.= ugF, = pymg(cos 6)
Upmg(cos 6) = mg(sin 6)
in 6
U= e tan 6= tan 38.0°
Cos
5. 6=52° F,er=mg(sin 6) — F=0
g=9.81 m/s? Fj. = uF,, = pymg(cos 6)

Hpmg(cos 6) = mg(sin 6)

sin @
=tan O=tan 5.2°
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6. m =281.5kg
6 =30.0°

Solutions
Fpjer=3mg(sin 0) — u(3mg)(cos 0) — Fupplied =0

Fapplied =mg

3mg(sin @) —mg  3(sin ) —1.00 _ (3)(sin 30.0°) — 1.00

3mg(cos 0) 3(cos 0) (3)(cos 30.0°)

s

1.50 - 1.00 0.50

* 7 (3)(cos 30.0°)  (3)(cos 30.0°)

7. m=1.90 x 10° kg

Fer= Fapplied_ F=0

Hs=0.460 F= pgFy = pgmg
_ 2
§=9.81m/s Fopplied = Hxmg = (0.460)(1.90 x 10° kg)(9.81 m/s’)
Fapplied= |8.57 X 10° N
3
8. Fupplied=6~0>< 10°N Fnet:Fapplied_Fk:()
M=0.77 Fy= 1 F,
2
g=9.81m/s Fo 6.0x10° N
F,= —pplied _ > =[7.8x10°N
- e
F,=mg
m=—=————>-=|80x10"k
FRETTEE
8
9. Fupplied= 1.13x 10" N FnetzFapplied_ F ax=0
U= 0.741

Fy ppax = HsFy = smg

Foppli 1.13x 10°N
= —applied _ - =|1.55x 10> kg
(0.741)(9.81 m/s

g

10. m=3.00 x 10° kg
6=31.0°
¢=9.81 m/s*

Fpep=mg(sin 6) — F=0
Fie= pFy, = Hmg(cos 6)
Umg(cos 6) = mg(sin 6)

sin @
M= =tan f=tan 31.0°
cos 6

Fr= pymg(cos 6) = (0.601)(3.00 x 10° kg)(9.81 m/s®)(cos 31.0°)

Fr=|1.52x10*N

Alternatively,

Fi= mg(sin 6) = (3.00 x 10° kg)(9.81 m/s*)(sin 31.0°) =

Il Ch. 4-8 Holt Physics Solution Manual
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Additional Practice E

Givens

1. F,

applied = 130N

Aper=1.00 m/s’
Up=0.158
g=9.81 m/s*

Solutions

Frier=maye;= Fopplied — F
Fj= pFy, = pymg

MAyer+ UkME = Fypplied
M(aper+ Uk = Fapplied

Fapplied 130N

C Gpgt g 1.00 m/st+ (0.158)(9.81 m/s?)

130N 130 N -
m= = = 51 k
1.00 m/s> + 1.55 m/s’ 2.55 m/s’ §

2. Fp=—2.00x10*N
6=10.0°
U= 0.797
¢=9.81 m/s*

Fpop=may,,= mg(sin ) — Fy,
Fj= Fy, = tgmg(cos 6)
m(g(sin 6) — rg(cos 6)] = F,;
Fret —2.00x10*N

"= glsin 0— yy(cos )] (9.81 m/sz)[(sin 10.0°) — (0.797)(cos 10.0°)]

—2.00x 10* N —2.00x 10* N
m= =
(9.81 m/s2)(0.174—0.785)  (9.81 m/s>)(=0.611)

F, = mg(cos 6) = (3.34 x 10° kg)(9.81 m/s?)(cos 10.0°) =

3. Fy=6.99x 10° N

F, et = ma,,; = mg(sin 6) — F,

6=145.0° Fy.= uyF, = tymg(cos 6)
U=0.597 m[g(sin 6) — prg(cos )] = F,o
- Fpet - 6.99%10° N
glsin 80— py(cos 6)] (9.81 m/sz)[(sin 45.0°) — (0.597)(cos 45.0°)]
- 6.99x 10° N _ 699x10°N
T (9.81 m/s?)(0.707 — 0.422)  (9.81 m/s>)(0.285)
m=|2.50 x 10° kg
F, = mg(cos 6) = (2.50 x 10° kg)(9.81 m/s>)(cos 45.0°) = | 1.73 x 10* N
4. m=9.50kg Fpier= mMape;= Foppiieq— Fr— mg(sin 6)
6=30.0° Fy. = uyF, = tymg(cos 6)
Fapplied: 80.0N Umg(cos 0) = Fapplied — Maye— mg(sin 6)

Aper=1.64 m/s’

g=9.81 m/s?

_ Fapplied_ ma,e+ g (sin 6)]

B mg(cos 6)

~ 80.0N —(9.50 kg)[1.64 m/s” + (9.81 m/s)(sin 30.0°)]
= (9.50 kg)(9.81 m/s)(cos 30.0°)
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 80.0N—(9.50kg)[1.64 m/s*+4.90 m/s’) _ 80.0 N — (9.50 kg)(6.54 m/s°)
He= (9.50 kg)(9.81 m/s?)(cos 30.0°) ~(9.50 kg)(9.81 m/s?)(cos 30.0°)
80.0N—62.1N 179N

~ (9.50 kg)(9.81 m/s?)(cos 30.0°)  (9.50 kg)(9.81 m/s?)(cos 30.0°)

Hic

5
5. m=1.89x10"kg Frpet =manet=Fapplied_Fk

Foapplied=7.6 X 10° N Fie= Fpplied— Maney=7.6%10° N = (1.89x 10)(0.11 m/s’) = 7.6 x 10° N = 2.1 x 10* N

2
Aper=0.11m/s Fr= 7.4X105N

6. 6=38.0° F, et = may,,,= mg(sin 6) — Fy
M. =0.100 Fy.= uyF,, = tpmg(cos 6)
g=9.81 m/s’ May,e; = mglsin 6— py(cos 6)]

Aper = glsin @ — p(cos B)] = (9.81 m/sz)[(sin 38.0°) — (0.100)(cos 38.0°)]
per = (9.81 m/s%)(0.616 — 7.88 x 1072) = (9.81 m/s%)(0.537)

Aper =|5.27 m/s’

Acceleration is independent of the rider’s and sled’s masses. (Masses cancel.)

7. At=6.60s F, et = ma,,;= mg(sin 6) — F.
6=134.0° Fy.= uyF, = tymg(cos 6)
L. =0.198 M., = mg[sin 60— w(cos 6)]
g=9.81 m/s? Ayer = glsin 6— p(cos 6)] = (9.81 m/sz)[(sin 34.0°) — (0.198)(cos 34.0°)]
v;=0m/s yer = (9.81 m/s2)(0.559 — 0.164) = (9.81 m/s>)(0.395)

Vf = Ui+ QyeAt=0m/s + (3.87 m/s)(6.60 5)

vy ={25.5 m/s* =92.0 km/h |
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Problem Workbook

Additional Practice A

Work and Energy

Solutions

Givens

1. W=115x10]
m=60.0 kg
g=9.81 m/s?
6=0°

Solutions

W= Fd(cos 6) = mgd(cos 0)

W 1.15%x10° ]
mg(cos 6)  (60.0 kg)(9.81 m/s>)(cos 0°)

2. m=1.45x10°kg
¢=9.81 m/s>
6=0°
W=1.00x 10> MJ
F=(2.00x107%) mg

W= Fd(cos 6)

W 1.00 % 10° ]
"~ Flcos 6)  (2.00 % 107%)(1.45 x 10° kg)(9.81 m/s°)(cos 0.00°)

3. m=17g
W=0.15]
Aper=1.2 m/s*
0=0°
¢=9.81 m/s*

Fep= maye=F—mg
F=ma,,+ mg
W= Fd(cos 6) = m(a,,,+ g d(cos 6)

w 0.15
d= ]

(a0 + g)(cos 6) B (1.7 x 1073 kg)(1.2 m/s® +9.81 m/sz)(cos 0°)

0.15]
(1.7 % 10 kg)(11.0 m/s?)

4. m=5.40x 10 kg
W=5.30x%10"]
g=9.81 m/s?
6=30.0°
6 =0°

W= Fd(cos 8") = Fd
F=mg(sin 6)
W= mg(sin 6)d

oW 5.30 x 10*]
- mg(sin 6) - (5.40 x 10 kg)(9.81 m/ss)(sin 30.0°)

Section Two — Problem Workbook Solutions
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Givens Solutions
5.d=545m Foe= Flift_Fg:()
W=4.60x10*] F=Fy=F,
0=0° W= Fd(cos 0) = ng(cos o)
w 4.60 x 10*J 3
d(cos )  (5.45m)(cos 0°)
6. d=52.0 w 2.04 x10*

" P W 2oy [
m=40.0 kg d(cos 6)  (52.0 m)cos 0°)
W=2.04x10%]
6=0°

7. d=646 w 2.15x%10°
W=2.15x10"] d(cos ) (646 m)(cos 0°)
6=0°

8. m=1.02x 10 kg Fpjer= Fg— F.= mg (sin ) — uymg(cos 6)

d=18.0m
angle of incline = 6=10.0°

=0

W,yer = Feid(cos 0”) = mgd(cos 0")[(sin 6) — p(cos 6)]

Wier = (1.02 X 10° kg)(9.81 m/s%)(18.0 m)(cos 0°)[(sin 10.0°) — (0.13)(cos 10.0°)]

Wier = (1.02 X 10° kg)(9.81 m/s®)(18.0 m)(0.174 — 0.128)

¢=9.81 m/s> Wier = (1.02 % 10 kg)(9.81 m/s?)(18.0 m)(0.046)
=013 W= [2x107]
9. d=881.0m W et = Fpeid(cos 6”)
Fapplied=40.00 N Fpier= Fapplied(cos 6) — Fy
6=45.00° Waer= [Fapplied(cos 0) — Fy]d(cos &)
F,=28.00N Wt = [40.00 N(cos 45.00°) — 28.00° N](881.0 m)(cos 6)
6 =0° W, = (28.28 N'— 28.00 N)(881.0 m) = (0.28 N)(881.0 m)
o

10. m=9.7x10° kg Wt = Fyeid(cos 6) = (F; + Fy)d(cos 0) = 2Fd(cos 6)
0=45° Wier = (2)(1.2 X 10° N)(12 m)(cos 450):
F=F;=F,=12%x10°N
d=12m

11. m=1.24x10°kg Only F, contributes to the work done in moving the flag south.
F; =8.00 X 10° N east 6=90.0° — 30.0° = 60.0°
F, =5.00 X 10° N 30.0° W,iet = Fperd(cos 6) = Fyd(cos 6) = (5.00 X 10° N)(20.0 m)(cos 60.0°)
south of east Wer=
d =20.0 m south
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Additional Practice B

Givens

1. Ax=1.00x 10’ m
At=9.85s
KE=3.40%10°]

Solutions

Ax
v=—o
At

_1 2_1
KE—2m1/ =5m

Ax .
At

2KEAZ  (2)(3.40 x 10°7)(9.85 5)°
Ax? (1.00 X 10° m)?

2. y=4.00% 10° km/h
KE=2.10%10"]

2KE (2)(2.10x 10 ) 3
m="5 = . — . - =| 3.40x 10 kg
v (4.00 X 10> km/h)? (10° m km)? (1 h/3600 s)

3. v=50.3 km/h
KE=6.54%10"]

2KE (2)(6.54%10° )
== =| 67.0k
T 7 T (50,3 km/h)%(10° m/km)? (1 h/3600 s)

4. y=318km/h 2KE (2)(3.80x 10°J
m:—2 = 2)( 3 2) = 974kg
5. m=51.0kg

KE=9.96 x 10*]

4
y= [2KE_ [2)O.96x107]) =| 62.5 m/s =225 km/h |
m

V  51.0kg

6. Ax=93.625km
At=24.00h
m=55kg

Ax 9.3625 % 10* m
a. v, ,=— = =11.084 m/s
A (24.00 h)(3600 s/h)
b. KE=1m? =1(55 kg)(1.084 m/s)? =

7. m=3.38x10" kg
KE=1.10x10*]

2KE  /(2)(1.10 x 1042 7]) 5
v= = =2.55x 107 m/s = | 255 km/s
Vo TV e

8. m=680kg
v="56.0 km/h

KE;5=3.40%10°]

a. KE=1m” =1(680 kg)[(56.0 km/h)(10° m/km)(1 /3600 5)]* =

KEy, 82x10*] [24

"KE;p 3.40x10°] [ 1

9. v=11.2km/s
m=2.3x10"kg

KE=3mp* =3(2.3x 10  kg)(11.2 x 10’ m/s)*= | 1.4x 10" ]
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Additional Practice C

Givens Solutions
1.d=227m W= AKE = KEy — KE; = KE;
m=655g Wt = F,e1d(cos 6)
¢=9.81 m/s> Fpuet=Fy— Fregistance = mg — (0.0220) mg = mg(1 — 0.0220)
Fesistance = (0.0220) mg KEp= mg(1 —0.0220)d(cos 6) = (655 X 107 kg)(9.81 m/sz)(l —0.0220)(227 m)(cos 0°)
6=0° KEf = (0.655 kg)(9.81 m/s*)(0.9780)(227 m)
K5~0) = (L4310
2. 1,=1292m/s W,,er 1s the work done by friction.
Wier =—2830 W,e¢ = AKE= KEf — KE; = KE; — v}’
m=55.0 kg KEf= Wy +3mu;’ == 2830 ] +5(55.0 kg) (12.92 m/s)* = ~2830 ] +4590 ]
3.m=250¢g Wi = AKE= KE — KE;=3 muf* —3mv;?
h;=553 m W,ier = F,eid(cos 6)
hy=353m Fer=Fy— F,=mg—F,
v;=0m/s d=h;—hs
vp=30.0 m/s Woer= (mg— F,)(h;— hp(cos 6)
g=9.81 m/s> mg— F,= % m (1/f2 - z/l-z)
f=0° (h;— hf)(cos 0)
2 2 2 2
F,= m{g—#{&ie)} =(25.0x 107 kg)[9.81 m/s*— (2)((1(;'30 2/5)35—3 (I?I)TC/ zz OOJ

F,

2 2,2
_ 9.00 x 10> m%/s
(25.0% 1072 kg)[9.81 m/s? — }

(2)(2.00 X 10° m)
F,=(25.0 x 10~ kg)(9.81 m/s* — 2.25 m/s®) = (25.0 X 10> kg)(7.56 m/s°)

F,=| 0.189N
4. y;=404 km/h Wie = AKE= KEf— KE;=3mu - mv;’
Wier=—3.00 MJ %mt/fz = %mviz + Wyer
m=1.00x 10>k 2W, 2)(=3.00 x 10°
§ vp= \/yﬁ +2m = [1(404 km/h)(10° m/km)(1 h/3600 s)]? + ()(—3D
m 1.00 % 10° kg

vp=4/1.26 x 10* m%/s” ~ 6.00 x 10° m?*/s> = /6.6 x 10° m?/s”

vp=[81 m/s =290 km/h |

5. m=45.0g Wer= AKE = KEy — KE; = 5mui —smu;?
h;=28848.0 m Wer = Fperd(cos 6)
hy=8806.0 m Fue=Fg— F,=mg—F,
v;=0m/s d=h;—hs
vp=27.0 m/s Wer= mg(h;— hy)(cos 0) — F,(h;— hy)(cos 6)
¢=9.81 m/s* — F,(h;— hy)(cos 6) = F,(h;— hp)(cos 180° + 6) = W,
6=0° Sm(vf = v?) = mg(h;— hy)(cos 6) + W,
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Givens Solutions

W, = ml3(vf — v) - g(h;— hp)(cos 6)] = (45.0x 10~ kg)E(ZZO m/s)? = 3(0 m/s)*
~(9.81 m/s?)(8848.0 m — 8806.0 m)(cos 0°)}

W, = (45.0 X 107> kg)[364 m%/s” — (9.81 m/s>)(42.0 m)]

W, = (45.0 X 107° kg)(364 m%/s* — 412 m?/s”)

W, = (45.0 X 107 kg)(—48 m?/s?) =

6. vy =35.0m/s Wit = AKE = KE; — KE; = 3muf — smu;’
v;=25.0 m/s C 2Wae (2)(21x10°)) ~ 42x10°]
T 02 T (35.0mls) = (250 mis)? | 1220 m¥s? — 625 m2s
Wﬂetzzlk] l/f Vi Um/s Um/s m-/s m-/s

2x10°] 7.0x 10" k
m=————=17.
6.0 X 10% m?/s? §

7. v;=104.5 km/h Wit = AKE = KEg— KE; = 3muf —3mu?
vp= %1/,- Wer= Wyd(cos 0) = Fyd(cos 6) = tmgd(cos 6)
Hr=0.120 %m(z/fz —v?) = wmgd(cos 6)

_ 2 2
§=9.81m/s -} 11045 km/h)(10° m/km)(1 h/3600 s)]2[(§) - (1)?]
6=180° " 2ug(cos 6) (2)(0.120)(9.81 m/s®)(cos 180°)

2 2
104.5 | 104.5
—m/s| ;-1 —(3)|—=my/
(3.600 o S) <4 ) B ( )(3.600 o S)

T —(2)(0.120)(9.81 m/s?)  —(8)(0.120)(9.81 m/s?)

Additional Practice D

1. h=613/2m=3.07m PE, 4.80x 10° ] 3
m=—8= - =11.59 x 10* kg
(9.81 m/s?)(3.07 m)

PE,=4.80 k] gh
g=9.381 m/s’

2. h=170m PE, 3.04x10°] 152kg]
(9.81 m/s®)(1.70 m) n

PE,=3.04x10] gh
¢=9.81 m/s’
3. PE,=1.48x 10’ PE 1.48 x 107
s J m= % = . L _[sskg
g=9.81 m/s?
4. m=3.6x10*k PE 8.88 x 10°
" 8 h=—X= - J — =[25x10°m=25km
PEg: 8.88 X 108] mg (3.6x 10 kg)(981 m/s”)
¢=9.81 m/s>
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Givens

PE
. —2=20.482 m?/s?
m

g=9.81 m/s?

Solutions

PE
—2 = ¢h =20.482 m%/s’
m

2,2 2,2

20.482 m/s 20.482 m“/s
h= = = -2.09 m
9.81 m/52 -

g

. k=3.0x10* N/m
PE,jpgic= 1.4 % 10° ]

=[+9.7x102m=9.7cm

x:i\/ZPEelastic:i /(2)(1.4><102D
k V 3.0x 10° N/m

. m=51kg
¢=9.81 m/s?
h=32Im—-179m=142m
k =32N/m
x=179m-104m=75m

PE;y = PEg + PE¢ja5tic
Set PE, = 0] at the river level.

PE, = mgh = (51 kg)(9.81 m/s’)(142 m) = 7.1 x 10*]

PE gstic = 5kx* =3(32 N/m)(75 m)* = 9.0 x 10" ]

PE,, = (7.1x10*]) + (9.0 x 10*]) =

. h, =4080 m

APEy = PE, , — PE, ;= mg(h, — hy) = (905 kg)(9.81 m/s”)(4080 m — 1860 m)

Il Ch. 5-6

h; =1860 m APE, = (905 kg)(9.81 m/s”)(2220 m) = | 1.97 x 10 ]
m =905 kg
¢=9.81 m/s>
. m=286kg a. PE,jq =5kx” =5(9.50 x 10° N/m)(0.590 m)” = | 1.65 x 10° ]

k =9.50 x 10° N/m
¢=9.81 m/s>
x=59.0cm
h;=1.70 m

h2:h1—x

b. PEg; = mgh; = (286 kg)(9.81 m/s”)(1.70 m) =

c. h,=170m—-0.590m=1.11m
PE, = mghy = (286 kg)(9.81 m/s*)(1.11 m) =

d. APE, = PE,, — PE, ;= (3.11x10°]) = (477 x 10° ]) = | -1.66 X 10° ]

The answer in part (d) is approximately equal in magnitude to that in (a); the
slight difference arises from rounding. The increase in elastic potential energy
corresponds to a decrease in gravitational potential energy; hence the difference
in signs for the two answers.

Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens Solutions

A
10. Ax=9.50x 10’ m a. v, =v;(cos 9)=X3;
6 =45.0° Ax
At=——"_
m=650g vi(cos 6)
At
g=9.81m/s’ vertical speed of the arrow for the first half of the flight = »;(sin 6) = g(;)
A
v;(sin 6) = _ &ax
2v;(cos 0)
gAx [(9.81 m/s?)(9.50 x 10> m)

=96.5m/s

= V 2(sin 8)(cos ) - V' (2)(sin 45.0°)(cos 45.0°)
KE; =5mv? =5(65.0 x 10~ kg)(96.5 m/s)? =

% =55.0 cm b. From the conservation of energy,

PE51ic= KE;

1
Skx® = KE;
2KE; 2)(303
k=—"= 2 _21) > =[2.00x 10> N/m
x (55.0x 107" m)

¢. KE; = PEg 0+ KE;

KEf:%muxz = %m[(vi(cos 9)]2 = %(65.0 x 1072 kg)(96.5 m/s)z(cos 45.0")2 =151]

PEg ;0 = KE; = KEf =303 ] — 151 ] =152
PEg e _ 152]

hmax

mg (65.0 x 107> kg)(9.81 m/s?)

Additional Practice E

1.m=118kg PE; + KE; = PE; + KE;
h; =5.00 m mgh; + %myiz = mghy + KEr
2
§=9.81m/s mghs = mgh; +%m1/,-2—KEf
v;=0m/s 2 KE 0m/s)? 4.61x10°
’ hp=hi+ 2 -~ =500m+ (0 m/s) —_ L
KEp=4.61 kJ 2g mg (2)(9.81 m/s*) (118 kg)(9.81 m/s”)

hy =5.00 m —3.98 m =| 1.02 m above the ground

2. =427 m/s PE;+ KE; = PE; + KE;

mgh; + %muiz =mghy + %mny

hf =50.0m 2 3 2 2

vf —v; (42.7 m/s)” — (0 m/s)

hi=hf+2—=50.0m+ (981 mis =50.0m+92.9m

si=0m g (2)(9.81 m/s”)

2
g=9.81m/s The mass of the nut is not needed for the calculation.
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3. h;=3150m PE; + KE; = PE; + KE;
vy =60.0 m/s mgh; = mghy + %mz/fz
2 2
_ 60.0
KE;=0] hfzhi—i=3150m—(7nl/s)2=3150m—183m
2 2¢ (2)(9.81 m/s”)
g=9.81m/s
4. h,=120x10°m PE; + KE; = PE; + KE;
hy=30.0m PE; — PE; = KE;
m =72.0 kg KEp = APE = mg(h; — hy)
g=9.81 m/s’ KEf = (72.0 kg)(9.81 m/s%)(1.20 x 10> m — 30.0 m) = (72.0 kg)(9.81 m/s°)(9.0 x 10" m)
K =0) K= [0
o \/ZKEf _ J2)6.4x 104 ))
f m \  720kg
5. hy=2500m AME= PE; - KE;= mghy — mu?
AME=-2.55x10"] 2A ME 2)(=2.55 % 10°
V= \/Zghf - = [(2)(9.81 m/s>)(250.0 m) — 2255 107))
m=250.0 kg m 250.0 kg
g=9.81 m/s> v =/4.90 X 10> m%/s> + 2.04 X 10> m?/s> = /6.94 x 10°> m%/s>
6. h;=12.3km PE; + KE;= PE; + KE;
m=120.0g PE;— PE;= KE;
¢=9.81 m/s* KEy = PE; - PEp = mgh;— mghy = mgAh
KE;=0] KE; = mgAh=(0.1200 kg)(9.81 m/s>)(3.2 10’ m) =
Ah=hj—hy=3.2km PEy= mghy = mg(h;— Ah) = (0.1200 kg)(9.81 m/s*)(12.3x 10’ m = 32X 10° m)
PE;= (0.1200 kg)(9.81 m/s*)(9.1x 10> m) =
Alternatively,

PEj = PE;— KEy = mgh; - KEy
PE; = (0.1200 kg)(9.81 m/s*)(123x 10’ m) 3.8 x 10° ] = 1.45x 10" - 3.8 x 10° ]

PE;=| 1.07x10*]

7. h=68.6 m ME; = PE; = mgh
v=35.6 m/s ME; = KE =3mu* o
g=981 m/s’ percent of energy dissipated = W = (LE:W))( 100)
PE;=0] ME; mg
KE;=0] 2

gh— 12
percent of energy dissipated = gh (100)

(9.81 m/s%)(68.6 m) —3(35.6 m/s)*
percent of energy dissipated = (9.81 m/s?)(68.6 m) (100)

L. (6737 —634])(100) (397) (100)
ercent of energy d ted = = =|5.8 percent
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Additional Practice F

Givens Solutions

1. P=36 MW W = PAt = (56 x 10° W)(1.0 h)(3600 s/h) =
At=1.0h

2. At=62.25 min W= PAt= (585.0 W)(62.25 min) (60 s/min) =
P=585.0W

3. h=106 m W= ng(cos o) = ngz mgh
m=14.0 kg W meh 2

gh  (14.0 kg)(9.81 m/s”)(106 m)
At=—=—"-= =|48.5s

¢=9.81 m/s” P P 3.00x 10° W

P=3.00%10°W
0=0°

4. P=2984 W W 3.60x 10*]
At=—=""" "= | 1215
P 2984 W

W=3.60 x 10*7]

5. Ar=3.0 min w 54x10°] 5
P=—= =[3.0x10*W
5™ Gomm(E s

W=54k]
6. At=16.7s W= ng (cos 6) = mgh
h=18.4m b W_mgh_ (720kg)(9.81 m/s%)(18.4 m)
m=72.0kg A At 16.7 s
_ 2
g=9.81m/s p=
0=0°
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Problem Workbook Solutions

Momentum
and Collisions

Additional Practice A

Givens Solutions
1. v =403 km/h 6.60 x 10% kgem/s
g o m= L 3 & =[59.0 kg
p= 6.60 X 102 kg,m/s v (40.3 X 10 Il’l/h)(l h/3600 S)
2. my, =53 kg Ptot = MpV + mpv
v=60.0 m/s to the east I 7.20 x 10° kgem/s — (53 kg)(60.0 m/s)
= -
Prot = 720 X 10° kgem/s to v 60.0 m/s
the east 7.20x 10° kgem/s —3.2 X 10’ kgem/s 4.0 x 10° kgem/s
= = =67k
" 60.0 m/s 60.0 m/s
3. m;=1.80x 10* kg Peot ~2.08 x 10* kgem/s ~2.08 x 10* kgem/s
v= = =
my=7.0x 10" kg my+my 1.80x10°kg+7.0x10' kg 2.50x 10° kg
Prot = 2.08 X 10* kgem/s to v=-83.2m/s=|83.2 m/s to the west

the west

=-2.08 x 10* kgem/s

_ 6.63 X 10° kgem/
4. m=83.6kg p=L 220X 7 8 1793 % 10 m/s =7.93 ks |

3 5 m 83.6 kg
Pp=6.63 %107 kgem/s

5. m=69x%10" kg p=mv=(6.9x10 kg)(33 x 10° m/h)(1 h/3600 s) =

v =33 km/h
6. h=22.13m mgh= "Ly
m=2.00g V= /Zgh
2
g=9.81m/s p = mup=my/2gh =(2.00x 10 kg) V(2)(9.81 m/s2)(22.13 m)

p= | 4.17 x 107> kgem/s downward |

Additional Practice B

1. m=9.0x10* kg _ mvg—mv; _ (9.0x 10" kg)(0.12 m/s) — (9.0 x 10" kg) (0 m/s)

At= 3

B F 6.0x 10° N

vi=0m/s
4

— 9.0 x 10" kg)(0.12 m/s

vg= 12 cm/s upward At= ( m g)(3 ) =
3 .0x10°N

F=6.0x10"N
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2. m=1.00x10°kg

Solutions

Ap=muy — mv; = (1.00 x 10° kg) (0.20 m/s) — (1.00 x 10° kg)(0 m/s)

v;=0m/s Ap=12.0x10° kgem/s
vp=0.20 m/s 5
Ap  2.0x10”kgem/s
_ A== O " _li6s
F=125kN F 12.5% 10° N
3. h=12.0cm The speed of the pogo stick before and after it presses against the ground can be de-

F=330 N, upward
m=65kg
¢=9.81 m/s>

termined from the conservation of energy.

PE = KE

mgh= %mvz

v==1+/2gh

For the pogo stick’s downward motion,

For the pogo stick’s upward motion,

vy =+ \f2gh

Ap=muy — mv;=m/2gh— m(— \/@)

Ap=2m \/@

_Ap_2m+/2gh  (2)(65 kg)y/(2)(9.81 m/s’)(0.120 m)
F F 330 N

At

4. m=6.0x10"kg
F = 8.0 kN to the east
At=80s

v; =0m/s

FAt+mv;  (8.0x10° N)(8.0's) + (6.0 x 10° kg)(0 m/s)
v = =
f m 6.0x 10° kg

vg=|11 m/s, east

5. 1;=125.5km/h FAt + my;
vp=———
m=2.00x 10> kg ! m
F=-3.60 x 10> N ) (=3.60 x 10> N)(10.0 s) + (2.00 X 10? kg)(125.5 x 10> m/h)(1 h/3600 s)
= 2
At=10.0s 2.00 x 10 kg
—3.60 X 10° Nos +6.97 X 10° kgem/s ~ 3.37 X 10 kgem/s
vr= = =[16.8 m/s
f 2.00 x 102 kg 2.00 X 102 kg
or vy = (16.8 x 10~ km/s)(3600 s/h) = | 60.5 km/h
6. m=45kg FAt+mv; (1.6 % 10° N)(0.68 s) + (45 kg) (0 m/s)
Vr= =
F=16x10°N / m 45kg
3
Af=0.68 s (16X 10° N)(0.685)
vr= =[24 m/s
v;=0m/s

Il Ch. 6-2 Holt Physics Solution Manual
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Givens Solutions

7. m=4.85x10"kg .

_ mvg—mv; _ (4.85x 10° kg)(25.0 m/s) — (4.85 x 10° kg)(20.0 m/s)

v; = 20.0 m/s northwest At 5.00
vg=25.0 m/s northwest po 21X 107 kgem/s — 9.70 x 10° kgem/s _ 24X 10° kgem/s
Af=5.00s 5.00s 5.00s
F = 4.8 x 10° N northwest
8. v =12.5 m/s upward o ey (70.0 kg)(12.5 m/s) — (70.0 kg)(0 m/s) 1o N
m=70.0 kg A 4.00's B
At=4.00s
F=|219 N upward
v; =0m/s
9. m=12.0kg From conservation of energy, v; = —+/2gh
h=40.0m Ap:mvf_mvi:mvf_m(_ b h)
At=0.250's :
; Ap=(12.0kg)(0 m/s) + (12.0 kg)\/(Z)(9.81 m/s?)(40.0 m) =336 kgem/s
ve=0m/s
/ Ap 336 kgem/s
¢=9.81 m/s* F= A oz0s 1340 N = 1340 N upward
Additional Practice C
1. F=2.85x10° N backward Ap =FAt=(-2.85x 10° N)(21 s)
=-285x10°N Ap =|—-6.0 X 107 kgem/s forward or 6.0 X 107 kgem/s backward
g g
m=2.0x 10" kg 1 1
vi= 3.0 m/s forward Ax= E(Vi +vpAt= 5(3.0 m/s+0m/s)(21 s) =| 32 m forward
=43.0m/s
vi=0m/s
At=21s
2. m=6.5x10"kg Ap=FAt=(~1.7x 10°N)(30.0's) = | =5.1 x 107 kgem/s |
6
F=-17x10"N Ap+my;  —5.1x 107 kgem/s + (6.5 x 10* kg)(1.0 x 10° m/s)
Vr= =
v;=1.0 km/s U 6.5x 107 kg
At=30.0s 7 7 7
—5.1x 10" kgem/s + 6.5 x 10" kgem/s 1.4 X 10" kgem/s
v = = =220 m/s

6.5%x 10" kg 6.5x 10" kg

Ax=3(v;+ v)Ar=35(1.0 X 10° m/s + 220 m/s)(30.0 s) = 5(1.2 X 10° m/s)(30.05)

Ax=|1.8x10"m=18km |
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3. m=2.03x10"kg

v; = 5.00 m/s to the east
=5.00 m/s

At=203s

F=1.20 % 10° N to the west

Solutions

Ap =FAt=(-1.20 x 10° N)(20.3s) = |2.44 x10% kgem/s to the west|

_Ap+mv;  —2.44x 10" kgem/s + (2.03 x 10 kg)(5.00 m/s)

vf

m 23x10% kg
—2.44 % 10* kgem/s + 1.02 X 10° kgem/s ~ 7.58 x 10* kgem/s
Vi = =
f 2.03x 10* kg 2.03x 10" kg
vg=3.73 m/s

Ax=3(v; + Vp)Ar=5[5.00 m/s + (3.73 m/s)](20.3 5) =5(8.73 m/s)(20.3 5)

Ax=88.6 m=| 88.6 m to the east

.m=113g¢g
v; =2.00 m/s to the right
vg=0m/s

At=0.80s

mvg—mv;  (0.113kg)(0 m/s) — (0.113 kg) (2.00 m/s)  —(0.113 kg)(2.00 m/s)
oA 0.80 s - 0.80's

F=-0.28 N=0.28 N to the left

Ax=3(vi + V) Ar=3(2.00 m/s + 0 m/s)(0.80 s)

F

Ax = | 0.80 m to the right |

. m=4.90x10°kg

oo Bp_ muyp—my, (4.90 % 10° kg) (0 m/s) — (4.90 x 10° kg)(0.200 m/s)

Il Ch. 6-4

m=1.00x 10> kg
F=-224x10*N
¢=9.81 m/s>
vr=0 m/s

v; =0.200 m/s At At 10.0s
6
At=10.0s 100
F= | 9.80x 10* N opposite the palace’s direction of motion
Ax = 3(v; + v At =5(0.200 m/s + 0 m/s)(10.0's)
. h=68.6m From conservation of energy,

v=~/2gh

Ap = mvy— my;= mvp— my/2gh

B0 _ mup—m 2¢h (1.00x 10° kg)(0 m/s) — (1.00 X 10° kg)/(2)(9.81. m/s%)(68.6 m)
t=——= =

F F —2.24x10*N

~(1.00 x 10° kg)1/(2)(9.81 m/s>)(68.6 m)
A= -2.24x10*N B

Ax= %(I/i + l/f)At= %(\/Zgh + uf)At

Ax=1{\2)(0.81 m/s?)(68.6 m) + 0 mis|(1.645) =

Holt Physics Solution Manual
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7. m=100.0 kg Ap vr = mvi _ (100.0 kg)(0 m/s) — (1000 ke)(4.5 % 10> m/s)
v;=4.5%10° m/s F -188 N
vp=0m/s —(100.0 kg)(4.5 x 10> m/s)
At= = -240 s
F=-188N ~188 N -

Ax=3(v;+ vpAt=3(4.5x 10° m/s + 0 m/s)(240 5) = 5.4 x 10* m =54 km

The tunnel is long.

Additional Practice D

1. m; =33x% 10° kg Because the initial momentum is zero, the final momentum is also zero, and so
vii=0m/s = 2L ~(3.3x10° kg)(~0.050 m/s) _[eoke
Vai=0m/s Vo 2.5m/s

V= 2.5 m/s to the right

=+2.5m/s
vy,£=0.050 m/s to the left
=-0.050 m/s
2. m; =1.25x 103 kg Because the initial momentum is zero, the final momentum is also zero, and so
.= Ax 0.24m
V1, = 0m/s Vif= i A =0.060 m/s forward
vz’i =0m/s Atl 40s
3
_ —(1.25x 107 k .
vy,¢ = 1.40 m/s backward my= MVt _ (1.25 X 10" kg){(0.060 m/s) =[54 kg
=-1.40 m/s Vo f —1.40 m/s
At] =40s
Ax; =24 cm forward
=+24cm
3. my=114kg M Vi + MV = mVy g+ Myvy ¢
V2,§=5.32 m/s backward mpvy g+ mvag  (114kg)(3.41 m/s) + (60.0 kg)(~5.32 m/s)
— V: = =
5:32m/s ! my+ m, 114 kg + 60.0 kg

vy, £ = 3.41 m/s forward 1
’ 389 kgem/s —319 kgem/s 7.0 x 10" kgem/s

=+3.41 m/s i =0.40 m/s
174 kg 174 kg
my=60.0 kg
v; = | 0.40 m/s forward
4. m;=5.4kg MVy+ myvy = m vy g+ myvy ¢

v1,£= 7.4 m/s forward _ mvy gt mava s (5.4kg)(7.4 m/s) + (50.0 kg) (—1.4 m/s)

=+7.4m/s vi= mp+m, 5.4kg+50.0 kg
vy, §= 1.4 m/s backward 1 1 1

— 14m/s v 4.0x 10" kgem/s — 7.0 X 10" kgem/s _ —3.0x10 kgem/s — 054 m/s

! 55.4 kg 55.4 kg

m,=50.0 kg
v; = | 0.54 m/s backward
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5. m;=3.4x10" kg MV V= MV £ V), 6
vy, £ = 9.0 km/h northwest mvy g+ myvy g (3.4 107 kg)(28 km/h) + (2.6 x 10* kg)(~9.0 km/h)
V- = =
==9.0km/h ! my + m, 3.4x10° kg +2.6 x 10° kg
vy, £ =28 km/h southeast

~ 9.5x10° kgekm/h — 2.3 x 10  kgekm/h 7.2 x 10° kgekm/h

=+28 km/h A4 5 5
6.0x 10> kg 6.0x 10> kg

2
my=2.6 X 10" k:
2 8 v; = | 12 km/h to the southeast

6. m; =3.6kg Because the initial momentum is zero, the final momentum must also equal zero.
my=3.0 kg mivyg =—myVos
= - —(3.0kg)(—=2.0 m/s
vii=0m/s Vif= el ( 8l ) =1.7 m/s=| 1.7 m/s to the right
v2;=0m/s my 3.6 kg
v2,¢= 2.0 m/s to the left
=-2.0m/s
7. m; =449 kg Because the initial momentum is zero, the final momentum must also equal zero.
=0 - —(60.0 kg)(—4.0 m/s)
Vii=0m/s Vif = AL & =0.53 m/s =0.53 m/s forward
v,;=0m/s " 449 kg
Vy,¢= 4.0 m/s backward Ax=vy gAt =(0.53 m/s)(3.0s) =
=—4.0m/s
m, =60.0 kg
At=3.0s
Additional Practice E
1. m;=155kg . Mpvy;— Mvg (155 kg) (6.0 m/s) — (155 kg)(2.2 m/s)
, = =
vy,; = 6.0 m/s forward Vi~ V2,i 2.2m/s—=0m/s
v,;=0m/s 930 kgem/s —340 kgem/s 590 kgem/s
4 my = =
vg = 2.2 m/s forward 22m/s 22m/s
my = 270 kg
2. v;;=10.8 m/s o — myvy;—mpy  (63.0kg)(10.8 m/s) — (63.0 kg)(10.1 m/s)
V=0 ms 2T -y 10.1 m/s— 0 m/s
1
vp=10.1 m/s _ 6.80x10° kgem/s — 6.36 X 10° kgem/s _ 44 kgem/s
= 10.1 m/s S loams LAk
m; =63.0 kg ’ ’
3. vy,;=4.48 m/s to the right (54 kg)(4.00 m/s) — (54 kg)(0 m/s) (54 kg)(4.00 m/s)
my = =
vy ;=0 mls ! 4.48 m/s — 4.00 m/s 0.48 m/s
vg=4.00 m/s to the right m; = {450 kg
m,=54 kg

Il Ch. 6-6 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens

4. m; =28x10°kg
my=12x10’ kg
vy,i =0m/s

vg = 3.0 m/s forward

Solutions

(my + my)vg —mvy;

V2,i =
my
(28 x 10° kg + 12 x 10° kg)(3.0 m/s) — (28 x 10° kg)(0 m/s)
V2i = 12 x 10° kg
(4.0 X 10*kg)(3.0 m/s)
V2,i =

12 X 10° kg

vai=|1.0x 10" m/s forward

5. m;=227kg (my +my)vg —mjvy;
Vai=
my =267 kg ' m;
vy,i = 4.00 m/s to the left (227 kg + 267 kg)(0 m/s) — (227 kg)(-4.00 m/s) 5.40 m/
=—4.00 m/s V2i = 267 kg SO
vg=0m/s
Voi= | 3.40 m/s to the right
6. m;=9.50 kg (my+ my)vg— mvyy

vy,i = 24.0 km/h to the north

m,=32.0kg
vg = 11.0 km/h to the north

V2,i=
my
(9.5 kg +32.0 kg)(11.0 km/h) — (9.50 kg)(24.0 km/h)
Vo : =
»i 32.0kg
_ (41.5kg)(11.0 km/h) — 228 kgekm/h 456 kgekm/h — 228 kgekm/h
BT 32.0 kg N 32.0kg
_ 228 kgekm/h
© 320kg

Vy,i= | 7.12 km/h to the north

7. mp = nip
vy, =89 km/h
Vyi= 69 km/h

vy+v;  89km/h+69km/h 158 km/h

Because m; = my, vy = = 5 =79 km/h

2 2

8. m; =3.0x10°kg
my =2.5x 10> kg

v2,i= 3.0 m/s down
=-3.0m/s

vy,i=1.0m/sup=+1.0 m/s

Mg+ mva;  (3.0%10° kg)(1.0 m/s) + (2.5 X 10? kg)(~3.0 m/s)
V¢ = =
f my + m, (3.0x 10> kg) + (2.5 x 10> kg)

3.0 X10° kgem/s 7.5 X 10°kgem/s 2.2 X 10° kgem/s
- 3.2 X 10° kg "~ 32X%10°kg

v =0.69 m/s = | 0.69 m/s upward

vf

9. m; = (2267 x 10° kg) +
(5.00 X 10> kg) = 2.767 x
10° kg

m; = (1.800 x 10° kg) +
(5.00 x 10% kg) = 2.300 x
10° kg

v1,i = 2.00 m/s to the left
=-2.00 m/s

Vy,i = 1.40 m/s to the right
=+1.40 m/s

MV + mvay  (2.767 % 10° kg)(=2.00 m/s) + (2.300 x 10° kg)(1.40 m/s)

Vg = =

my+ m, 2.767 x 10> kg +2.300 x 10° kg
—5.53 X10° kgem/s + 3220 kgem/s  —2310 kgem/s 0,456 m/
Vi = = = -0. m/s
f 5.067 x 10° kg 5067 kg

vg = 0.456 m/s to the left

Section Two—Problem Workbook Solutions
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1. m;=2.0¢g

v1,i = 2.0 m/s forward
=+2.0m/s

m,=020g

Vi = 8.0 m/s backward
=—8.0 m/s forward

Solutions
MV + MV
Vi=— "
mj + my
(2.0 X 107 kg)(2.0 m/s) + (0.20 X 107> kg)(~8.0 m/s)
V¢ =
f 2.0 X 107 kg +0.20 X 107 kg
4.0 X 107 kgem/s — 1.6 X 107 kgem/s
Vg =
f 22X 107 kg
2.4 X 107> kgem/
v§= o s 1.1 m/s forward

2.2 X 107 kg
KE; = %mﬂ/z,iz + %mzl/z,iz

KE; =5(2.0x 107 kg)(2.0 m/s)* +35(0.20 x 10~ kg)(~8.0 m/s)*
KE;=40x107°]+64x107°]= 1.04x 107 ]

KEf = 3(m; + my)ve> =3(2.0 x 107 kg +0.20 x 107 kg) (1.1 m/s)?
KEf =5(2.2x 107 kg)(1.1 m/s)*

AKE=KE; - KE;=13%107 ] = 1.04x 10 2] ==-9.1x 107 ]

-3
AKE 9.1x10 7]
fraction of total KE dissipated = — = =

=——————=10.88
KE;  1.04x1072]

2. mg =313 kg

v1,i = 6.00 m/s away from
shore

vai =0m/s

vg = 2.50 m/s away from
shore

. mvyi—mpyvg (313 kg)(6.00 m/s) — (313 kg)(2.50 m/s)
2 VE— V4 2.50 m/s —0m/s

1880 kgem/s — 782 kgem/s  1.10 x 10° kgem/s
M- = =
? 2.50 m/s 2.50 m/s

=4.4x10°kg

KE; = zlmﬂ/z,iz + zlmzi/z,iz

KE; = 5(313 kg)(6.00 m/s)? +5(4.40 x 107 kg)(0 m/s)* = 5630 ]

KEf = zl(ﬂ/l] + m2)1/f2

KE = (313 kg + 4.40 x 10? kg)(2.50 m/s)* = 3(753 kg)(2.50 m/s)> = 2350 ]

AKE=KE; — KE; =2350] - 5630 ] = | -3280 ]

3. my=m,=111kg

vy,i = 9.00 m/s to the right
=+9.00 m/s

V2,i=5.00 m/s to the left
=-5.00 m/s

mvy i+ myvy;  (111kg)(9.00 m/s) + (111 kg)(=5.00 m/s)
mp+m, 111kg+ 111 kg

V§=

_ 999 kgem/s — 555 kgem/s 444 kgem/s
- 222 kg "~ 222kg

Vg =2.00 m/s to the right

KE;= ymyvy >+ ymyvy > =3(111kg)(9.00 m/s)* + (111 kg)(~5.00 m/s)*
KE; =4.50% 10° ]+ 1.39x 10> ] =5.89 x 10° ]

KEf = 3(m; + my)vf =5(111 kg + 111 kg)(2.00 m/s)* =3(222 kg)(2.00 m/s)
KE;=444]

AKE=KE; — KE;=444] - 5.89x 10° ] = |-5450 ]
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4. m;=m,=60.0 kg +50.0 kg mpvy;+myva;  (110.0 kg)(106.0 km/h) + (110.0 kg)(=75.0 km/h)

_ Vi = =
=110.0 kg f my + m, 110.0 kg + 110.0 kg

vy,i = 106.0 km/h to the east

4 3 3
— +106.0 km/h Ve 1166 x 10 kgekm/h —8.25 x 10° kgekm/h _ 3.41x 10 kgekm/h

220.0 kg 220.0 kg
vg = 15.5 km/h to the east

V2,i=75.0 km/h to the west

Copyright © by Holt, Rinehart and Winston. All rights reserved.

=-75.0 km/h
KE;= %mﬂ/l, iz + %mzl/z, iz
KE;=5(110.0 kg) (106.0 x 10° m/h)*(1 h/3600 5)* +5(110.0 kg)(~75.0 x 10° m/h)*
(1h/3600 )
KE;=4.768 x 10* ]+ 2.39x 10* ] = 7.16 x 10* ]
KEfzé(ml + mz)vfz
KEf=3(110.0 kg + 110.0 kg) (15.5 x 10> m/h)*(1 h/3600 5)*
=2(220.0 kg)(15.5 x 10° m/h)*(1 h/3600 5)
KE;=2.04x10]
AKE= KE{~ KE;=2.04x 10°] - 7.16 X 10* ] =
5. m;=4.00x 10° kg L Mt My (400X 10° kg)(32.0 km/h) + (1.60 x 10° kg)(45.0 km/h)
vii=32.0 km/h T e m, 400 % 10 kg + 1.60 x 10° kg
my=1.60 % 10° kg = 1.28 x 10 kgekm/h + 7.520 x 10% kgekm/h _ 2,00 107 kgs.krn/h
V1= 45.0 km/h 5.60 x 10° kg 5.60 X 10° kg
vp=35.7 km/h

_1 2,1 2
KEZ' _Emﬂ/l,i +5m21/2’i

KE; =5(4.00 x 10° kg)(32.0 x 10° m/h)(1 h/3600 5) +3(1.60 x 10° kg)
(45.0 x 10° m/h)?(1 h/3600 s)*

KE;=1.58% 10" J+1.25x 10" J=2.83x 10" ]

KEy =%(m1 + m2)1/f2

KEj= 2(4.00 % 10° kg + 1.60 x 10° kg)(35.7 x 10° m/h)*(1 h/3600 )
=3(5.60 x 10° kg)(35.7 x 10° m/h)*(1 h/3600 5)°

KE;=2.75%10"]

AKE= KE;— KE;=2.75x10" ] - 2.83x 10" J = | -8 x 10° ]
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6. m;=213kg - (my +my)ve—mpvy ;
20—
vi;=0m/s 2
m,=1.80x 10" kg (21.3 kg +1.80 x 107! kg)(6.00 x 1072 m/s) — (21.3 kg)(0 m/s)
Vi =

-1
v=6.00 x 10> m/s 1.80x 10~ kg

_ (21.5kg)(6.00 X 10> m/s)

— = 7.17 m/s
1.80 X 107" kg

V2,i

KE; = %mﬂ/uz + %mzvz)iz

KE; =5(21.3 kg)(0 m/s)* +3(1.80 x 10" kg)(7.17 m/s)*

KE;=0]+ 4.63]=4.63]

KEf = %(ml + mz)i/fz

KEy =3(21.3 kg + 0.180 kg)(6.00 x 107> m/s)> =3(21.5 kg)(6.00 x 10~ m/s)*
KE; =3.87x107°]

AKE= KEy — KE;=3.87x 1072 ] — 4.63 ] =

7. m;=122g¢g Because v,; =0m/s, my;=(m; + my)vy
(my + myvy
m,=96.0g VLi= "
v5;=0m/s

1 \ 2 1 2
AKE KE; - KE; 5(m1 + mz)"f MV
fraction of KE dissipated = — = —— = ;

. . 1
1 KEz Emﬂ/],i

(my+ my)yy]?
my

(m;+ mz)ufz— ml{

fraction of KE dissipated = 5
{(m 1+ mz)l/f}
m|———

mj

(my, )2+2m m 1/2+(m v )2
ﬂ’l]l/f2+ﬁ121/f2—|: If ! Zf Zf
m
fraction of KE dissipated =

(mlz/f)2 + 2m1m21/f2 + (mzz/f)2

my

2

2 2 "y
l/f m1+m2—m1— mz——m
1

fraction of KE dissipated = 5
2 my
vft my +2my+——

my
2
e 96.0 g)”
my " -96.0 g — ﬁ
. - -t 122¢
fraction of KE dissipated = 2=
my + 2y 22 122 g+ (2)(96.0 g) + (960g)°
i ' 122¢

-96.0g—75.5 -171.5
fraction of KE dissipated = g & _ % =[-0.440
122g+192g+755g 3.90x10%g

The fraction of kinetic energy dissipated can be determined without the initial veloc-
ity because this value cancels, as shown above. The initial velocity is needed to find
the decrease in kinetic energy.
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1. m,=0.500 m; Momentum conservation
vy j=3.680 10° km/h My i+ myvy = mpuy g+ myv g
vy, f =—4.40 x 10” km/h py i L My f it it g+ (0500 myy p = v,

vy, 1= (2.00)vy ¢+ v, = (2.00)v;, ;= (2.00)(=4.40 X 10> km/h) + 5.740 x 10° km/h
— (2.00)(3.680 x 10> km/h) = —8.80 x 102 km/h + 5.740 x 10° km/h
—7.36% 10° km/h

vy, i=|~2.50 x 10° km/h

Conservation of kinetic energy (check)

V5 f=5.740x 10> km/h

1 2 1 2 1 2 1 2
Emll/l’i +Em21/2’1' —Emll/l’f +Em21/2)f

1 1 1 1
Emll/l’ 1'2 + E(O.SOO)WZ]I/Z, iZ = Emll/l’fz + 5(0.500)m11/2’f2
vy, £ +(0.500)v,, =), 7+ (0.500)v5 /°

(3.680 x 10° km/h)? + (0.500)(=2.50 X 10> km/h)? = (=4.40 x 10% km/h)? + (0.500)
(5.740 x 10° km/h)?

1.354 x 107 km?/h? + 3.12 x 10 km?/h? = 1.94 X 10° km?*/h? + 1.647 x 10’ km?/h?
1.666 x 107 km?/h? = 1.666 x 107 km?/h?

2. m;=18.40kg Momentum conservation
m,=156.20 kg MiVy,i+ MV i = MV g + mMyVa g
MV, f + MyVa, §— MyVy

V2,i=5.000 m/s to the left VLi= -

=-5.000 m/s (e
Va.£=6.600% 1072 m/s to vy ; = 1840 ke)(=10.07 m/s) + (56.20 kg)(~6.600 x 10~* m/s) — (56.20 kg)(~5.000 m/s)

the left , ! 18.40 kg
=-6.600% 10" m/s —185.3 kgem/s — 3.709 kgem/s + 281.0 kgem/s ~ 92.0 kgem/s 5.00 m/
vl, e = = = . m/s

vy,£ = 10.07 m/s to the left ' 18.40 kg 18.40 kg

=-10.07 m/s

v,i= | 5.00 m/s to the right |

Conservation of kinetic energy (check)

%mﬂ/], ,~2 + %mzyz, ,~2 = %mﬂ/z,fz + %mzuz,fz

2(18.40 kg)(5.00 m/s)* +3(56.20)(~5.000 m/s)” = 3(18.40 kg) (~10.07 ms)*
+2(56.20 kg) (—6.600 x 1072 m/s)?

230X 10%J+702.5]=932.9]+0.1224 ]

932]=933]

The slight difference arises from rounding.
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3. m;=m, Momentum conservation
vy,; = 5.0 m/s to the right MV i+ MV i = MV g+ MyVy g
=+5.0 m/s mvy g+ myvp §— mMvy
V2,i= > > = =VLET Vo, VL

vy, £ = 2.0 m/s to the left 2

- 2.0m/s vy,i=—-2.0m/s +5.0 m/s — 5.0 m/s =—-2.0 m/s

v2,i=| 2.0 m/s to the left

V¢ = 5.0 m/s to the right
Conservation of kinetic energy (check)

=+5.0 m/s
1 2 1 2 1 2 1 2
My, + Emzyg, i = Emﬂ/],f + Em21/2,f
2 2 2 2
Vi +1/2’,' =l/1’f +1/2,f
(5.0 m/s)? + (=2.0 m/s)% = (2.0 m/s)* + (5.0 m/s)?
25 m?/s + 4.0 m%/s® = 4.0 m%/s* + 25 m%/s’
29 m%/s® = 29 m%/s*
4. m;=450g Momentum conservation
vy,i =273 km/h to the right My j+ MV § = MV g+ myvy ¢
=+273 km/h mvyg—mvy;  (45.0 g)(=91 km/h) — (45.0 g)(273 km/h)
m2: =
V2’i=0km/h vz,i—vz,f Okm/h—182 krn/h
vy, £= 91 km/h to the left o h1X 10° g okm/h — 12.3 X 10° gekm/h  —16.4 X 10° g *km/h
= =

— 91 km/h —182 km/h —182 km/h

= .1
v, £= 182 km/h to the right 2

— 1182 km/h Conservation of kinetic energy (check)
1 2.1 2_1 2,1

Emﬂ/]’i +5m21/2’i = Emll/l)f +Em21/2’f

2(45.0 8)(273 X 10° m/h)(1 h/3600 5) +3(90.1 g)(0 m/s)*

=3(45.0 g)(~91 x 10> m/h)*(1 h/3600 5)* +3(90.1 £)(182 x 10° m/h)* (1 h/3600 5)*
1297+0J=14]+115]

129]=129]

5. vii= 185 km/h to the right Momentum conservation

= +185 km/h myvy i+ mVay = mVy g+ myvy ¢
V2’i=0km/h m mj
—|VLi = [ |V, = V2,f V2,
vi£=80.0 km/h to the left my my
=-80.0 km/h my

— | [185 km/h — (=80.0 km/h)] = v, ¢~ 0 km/h
m;=5.70 X 10> kg m

Vo= (ﬂ) (265 km/h) to the right
my

Conservation of kinetic energy
_1 2,1 2_ 1 2
KE; = smuy i+ smpv, i = smuy
1 21 2
KEf— Emlyl,f + EmZVZ,f

2 1 2,1 2

SV =My Moy ¢

2_ [y 2 2

— (1/1,1‘) =|— (Z/Lf) +1/2,f
m

mj

my

ﬂ)uss km/h)? = (
my

) (-80.0 km/h)* + v,

Il Ch. 6-12 Holt Physics Solution Manual
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\/(ﬂ)(mz x 10* km2/h?) — ( )(6 40 % 10° km*/h?) = v,
my my

vy = \/ (ﬂ) (278 10* km?/h?) = /ﬂ(w km/h)
my my

Equating the two results for v, yields the ratio of m; to m,.

(ﬂ) 265 km/h) = _ |21 (167 km/h)
mj mjp
265 km/h = /@ (167 km/h)

my (265 km/h
m;  \167 167 km/h

my = (2.52) m; = (2.52)(5.70 X 107> kg)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

6. m;=4.00 x 10° kg Momentum conservation
m,=1.60x 10° kg Myt MpVa 5= MV, g+ MoV ¢
vy,i=32.0 km/h to the right Vo= MV i+ MV §— MV §
vy,i=36.0 km/h to the right ' my
vy, £=35.5 km/h to the right (4.00 x 10° kg)(32.0 km/h) + (1.60 x 10° kg)(36.0 km/h) — (4.00 x 10° kg)(35.5 km/h)
Vo, f= 5
1.60 X 10° kg
1.28 x 107 kgekm/h + 5.76 x 10° kgekm/h — 1.42 x 10” kgekm/h
Vv =
>t 1.60 x 10° kg
4.4 % 10° kgekm/h
Vo f=——— 5.

1.60 x 10° kg

vy, ¢= | 28 km/h to the right

Conservation of kinetic energy (check)

1 2 1 2 1 2,1 2

Emll/l) i + Eszz’ i = Emﬂ/])f + Emzl/z)f

3(4.00 x 10° kg)(32.0 x 10° m/h)*(1 h/3600 5)* +3(1.60 x 10° kg)(36.0 x 10° m/h)?

(1h/3600 5)* =3(4.00 x 10° kg)(35.5 x 10° m/h)*(1 h/3600 5)* +5(1.60 x 10° kg)
(28 X 10° m/h)*(1 h/3600 s)?

1.58 X 107 J +8.00 X 10°T=1.94% 107 J + 4.8 x 10° ]
2.38% 107 J=2.42x107J

The slight difference arises from rounding.
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7. m;=5.50 X 10° kg Momentum conservation
my=2.30 x 10° kg MV i+ MoV = MV g+ mvyg
vy,i=5.00 m/s to the right Vig= MVLit MVa,i— MaVa,f
=+45.00 m/s ? m;
v3,i=5.00 m/s to the left (5.50 X 10° kg)(5.00 m/s) + (2.30 X 10° kg)(—5.00 m/s) — (9.10 m/s)
=-5.00 m/s Vif =

5.50 x 10° kg

V2, £ = 9.10 m/s to the right

6 6 6
—19.10 m/s 2.75 X 10” kgem/s — 1.15 X 10° kgem/s —2.09 X 10° kgem/s

5.50 X 10° kg

Vif= = —0.89 m/s right

vy,e = |0.89 m/s left

Conservation of kinetic energy (check)

1 2 1 2 1 2 1 2
Emll/l’l’ +Em21/2’1' =3 Wlll/],f +§1’l’lzl/2’f

2(5.50  10° kg)(5.00 m/s)* + 3(2.30 x 10° kg)(-5.00 m/s)? = (550 x 10° kg)
(~0.89 m/s)? + 5(2.30 x 10° kg)(9.10 x m/s)

6.88x10°]+2.88 x 10°7=2.2x10°J+9.52 x 10°]
9.76 x 10°7=9.74 x 10°]

The slight difference arises from rounding.
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Problem Workbook Solutions

Circular Motion
and Gravitation

Additional Practice A

Givens Solutions
2 2
1. v,=0.17 m/s vi  (0.17 m/s)
=t = —10.10m
2 a.  0.29m/s°
a,=0.29 m/s

2

2. v,= 465 m/s v (465 m/s)? c
fr=—=————= -6.4><10 m
a. 34X 107 m/s? -

a,=3.4x107% m/s?

58.4 cm
3. r= =29.2cm = /T’IZC:\/(29.2 %1072 m)(8.50 X 102 m/s?
a,=8.50 X 107> m/s’ v,={0.158 m/s
q, r= 122cm =6.0cm VtZ\H’aC:\/(ﬁO X 10_2 m)(0.28 m/SZ) =10.13m/s
_ 2
a.,=0.28 m/s

5. v,=7.85m/s v?  (7.85m/s)?
‘ ac=—t=7( 200m) =3.08 m/s’

r=20.0m r
6. At=1.000h ,
As
As=47.112 km - sz - (At - A
r=6.37 % 10° km T = =TT T AR

(47 112 m)? ——
a.= 3 7 =|2.69 X 10" m/s
(6.37 x 10° m)[(1.000 h)(3600 s/h)]

Additional Practice B

1. m;=235kg My =y + my=235kg+ 72 kg =307 kg
my=72kg ytz
Ee=myyac=my —
r=25.0m r
rF, (25.0 m)(1850 N)
F.=1850 N V= [—= |—————=(123m/s
2. m=300g vy
Fr=Foe+ F.= mg+m—
r=24m ’ =3 Z
r(Fp—mg)  [(24m)[0.393 N - (30.0x 10~ kg)(9.81 m/s’)]
Fr=0393N ENTT T 30.0x 10 kg
g=9.81 m/s?

[2.4m)(0.393N—-0.294N) (2.4 m)(0.099 N)
"=y 30.0x 10 kg T 300x107 kg
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3. v,=8.1m/s F,=F,
r=4.23m g = sztz
g="T2
m;=25g
g:9.81 Il’l/S2 my = mlzgr
v,
t
(25 107> kg)(9.81 m/s?)(4.23 m)
my = (811‘[]/5)2 =[1.6x10 g
4. y,=75.57 km/h vt
F.=m—
m=92.0 kg r
F.=12.8N mv?  (92.0 kg)[(75.57 km/h)(10° m/km)(1 h/3600 5)]?
r: =
F, 12.8N

c

r=[3.17x10° m=3.17 km|

5. m=75.0kg P mutz B (75.0kg)(12 m/s)2 B
r=446 m s 446 m B
v, =12m/s FreF _ 2
r=F,+mg=24 N+ (75.0kg)(9.81 m/s")
g =9.81 m/s*

Fr=24N+736 N=|7.60x 10> N

Additional Practice C

1. r=63km Fg (25><10_2N)(63><10 m)*
Fe=25x107°N
6.673x 107! (3.0 kg)
m;=3.0kg
2
G=6.673><10‘“Nm my=[5.0x 107

kg2

_ 4
2. m;=3.08x10"kg (2.88 X 10” 16N)(1 27% 107 m)?

r=1.27%10"m

(6 673x 107"
g

- -16 (3.08 x 10* kg)
Fp=288x10 "N )

Nem?
G=6.673x10""" 226 x 10* kg

kg2
3. m;=581x10"kg For? (5.00 x 1077 N)(25.0 m)>
my= =
= Gm1 Ne 2
r=25.0m (6.673 X107 =21 |(5.81 x 10* kg)
Fy=5.00x107 N kg

Ne
G=6.673x107"" I

Il Ch. 7-2  Holt Physics Solution Manual
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4. m;=621g Gy,
m, = 65.0 kg "V F

g

Fg=10x107°N j - s

Nem (6.673 x 107" Nem*/kg")(0.621 kg)(65.0 kg)
—11
=6. = =152
G=6.673x10 kg2 r \/ 1LOX 102N
5. m1:m2:1.0><108kg e |Gmymy
Fy=10x10°N Fg

Nem?

= (6673 x 1071 Nem?/kg?) (1.0 x 10° kg)?
8 Y 10X 107N

r=26x10m=26 km|

G=6.673x 10"

6. m,=25x10"kg N.m?
1 (6.673 x 10711 I:—T)B(zs % 10° kg)}2

mp=my=3m Gmm
2 F,=—11"2_ g | =[1.0x107%N
8 2 (1.0 x 10° m)

r=1.0x10’ km , r
_1; Nem
G=6.673x10 7
kg
7. my=318mg If V; = 1323 Vg, then r; = /1323 1.

my =50.0 kg

5 o Gmimy _ (6673 107 Nem?/kg®)(318)(5.98 x 10%* kg)(50.0 kg)
= 8§~ 2
Vy=1323Vg gl [(31323)(6.37 x 10° m)]?

mp =5.98x 10> kg
3
Fy=1.30x10°N

rE=6.37x10° m
Nem

kg2

2

G=6.673x 10"

Additional Practice D

Ne

1. T=88643 s 2
(6.673 x 10 1 0 )(6.42 x 102 kg) (88 643 5)°

2
m=6.42x 102 kg o GmT? kg
4t 4’

rn=3.40%10°m

r=2.04% 10" m

re=7—1,,=2.04x 10" m-3.40x10°m=|1.70 X 10’ m

2. T=551x10"s

2
Nem
(6.673>< 107 — )(1.25><1022 kg)(5.51 % 10° 5)°

m=125x10"kg JomT® kg
r= =
47[2 47[2

r=[1.86x10" m

Section Two—Problem Workbook Solutions
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3.r=422%x10"m _11Nem?\ (5.97 x 10 k
v=]GZ=[[6.673x 107! Hzl\( X8 5075 10° mis
r kg? | (4.22x 10" m)

m=597x 10" kg

4. r=384x10°m Nem?| (5.97 x 10** k
v=]G==|[6673x 107" n;\( 8 2% 107 ms
r kg? | (3.84x10%m)

m=5.97 x 10** kg

8 3 8 3
. r=3.84x 3.84% 10
5. r=3.84x10"m T=2r |1 =21 (3.8 m) =237x10°s=27.4d
Gm

24 2
- N.
m=397x10"ke (6.673 x 10111(—"2“)(5.97 x 10% kg)
g

. r=4.50x 10" 3 4.50 % 10'? m)*
6. r m T=2r | =2z ( 2 m) =520x10%s = | 165 years
Gm

30
=1]. _ N‘
m=199x10"kg (6.673><10 " k?)(1.99x1030kg)
g

3

7. r=1.19%x10° r 1.19 x 10® m)?
' o m=ar’ =4’ ( g m) = [6.05x 10" kg

T=4.06x10° _;;Nem
s (6.673 % 10 11?)(4'06 % 10%5)
g

3

8. r=2.30x 10" r 2.30x 10" m)?
’ m m=An’—=4An’ ( m) =[230x 10" kg
GT? 2

T=5.59x% 10° _ Nem
¥ (6.673 x 1071 )(5.59 % 10%5)?

kg2
31
m 2.30x10°" k
m; 1.99x10° kg

my=1.99 x 10°" kg

Additional Practice E

1. m=3.00x10° kg 7= Fd(sin 6) = mg/(sin 0)
6 =90.0° — 45.0° = 45.0° 7
£=3.20% 10’ Nem " ng(sin 6)
¢=9.81 m/s’ 3.20% 10’ Nem

(3.00 x 10° kg)(9.81 m/s?)(sin 45.0°)

/-]
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2. Thet = 9.4 kNem Thet =T +Tr= F1d1(sin 91) + F2d2(Sin 92)
m; =80.0 k
! 8 012922900,50
m, =120.0 kg
5 /
£=9.81 m/s Tpet = F1d; + Fody=m;g > + mygl
T et
T
2 2
9.4%10° Nem 9.4 10° Nem
- - .
(80.0 kg)(9.81 m/s?) L 392N+ 118x10°N
5 +(120.0 kg)(9.81 m/s?)
9.4% 10’ Nem
=T s7x10°N CL0m
3. Thet = 56.0 Nem Thet =T +To= Fldl(sin 91) + dez(Sin 62)
m1=39kg 91:02:900,50
m2=9lkg Tnet:F1d1+F2d2=mlgd1+m2g(1.000m—x)
d, =1.000 m — 0.700 m = = 1.000 m — Fnet = Migd;
0.300 m myg
¢=9.81 m/s’ 56.0 Nem — (3.9 kg)(9.81 m/s%)(0.300 m)
x=1.000 m— 3
(9.1 kg)(9.81 m/s?)
56.0 Nem — 11 Nem 45 Nem 1,000 0.50
T 01kg) 981 m/s) | (9.1kg)(981mys) o oU
x=[050m=5.0x 10" cm|
4, 1=-13%x10*Nem 7= Fd(sin 6) = —Fy(/ — d)(sin 6)
/=6.0m -7 ~(-1.3%x 10* Nem) 1.3x10* Nem
E,= = . —— g .
d=1.0m 8 (/- d)(sin 6) (6.0 m — 1.0 m)(sin 60.0°) ~ (5.0 m)(sin 60.0°)
o (o} o j— 3
6=90.0° — 30.0° = 60.0 Fe={30x10°N
5. R=76Tm= 38 m 7= Fd(sin 6) =—F,R(sin 0)
6=60.0° . -7 —(~1.45 % 10° Nom)
7=-1.45% 10° Nem 87 R(sin@ (38 m)(sin 60.0°)

_ 4
Fo=144x10"N

Section Two—Problem Workbook Solutions
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6. m;=102kg
my=109 kg
/=3.00m
/,=0.80m

»=1.80m
g=9.81 m/s’

Solutions
Thet=T1+ T = Fldl(sin 91) + dez(sin 92)
91 = 92: 900, SO

/ /
Tnee= Frdy + Fody= m1g<5 - /1) + ng(g - /2)

3.00 m

Ter = (102 kg)(9.81 m/sz)(

3.00
~0.80 m) + (109 kg)(9.81 m/52)<—m

-1.80 m)

Tyer= (102 kg)(9.81 m/s)(1.50 m — 0.80 m) + (109 kg)(9.81 m/s>)(1.50 m — 1.80 m)
Tyer= (102 kg)(9.81 m/s)(0.70 m) + (109 kg)(9.81 m/s*)(=0.30 m)
Tpor=7.0X 10 Nem — 3.2 x 10 Nem

Tper= 3.8 10° Noem

7. m=5.00% 10" kg
d; =5.00m
7=6.25%10° Nem
g=9.81 m/s’
6; =90.0° — 10.0° = 80.0°

dz =4.00 m
02 = 900

a. 7' = Fd(sin 6) = mgd;(sin 6;)
7' = (5.00 X 10* kg)(9.81 m/s*)(5.00 m)(sin 80.0°)

7'=(242%10*Nem

b. 7,,.=Fd,(sin 6,) — 7' = Fd(sin 6,) — mgd;(sin 6;)
T et + mgd;(sin ;)
dy(sin 6,)

p_825% 10°Nem +2.42x 10*Nem  6.49x 10° Nem

4.00 m (sin 90°) B 4.00 m

F=[1.62%x10°N

Il Ch. 7-6  Holt Physics Solution Manual
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Problem Workbook Solutions

Fluid Mechanics

Additional Practice A

Givens Solutions

1. m,=1158 kg Fp=F,
V=340 m’ pVg=(m,+m)g
p=1.00x 10" kg/m’ m,=pV—m,=(1.00x 10’ kg/m’)(3.40 m’) - 1158 kg =3.40 x 10 kg — 1158 kg
g=9.81 m/s’ m,=|2.24 X 10° kg

2. V=414x10"m’ Fp= F;— apparent weight
apparent vgeight = PswVg=mg— apparent weight
3.115x 10" N . 3

B apparent weight 3 3 5 3. 3.115x10°N

po= 1,025 X 10° kg/m? m—pswv+7g = (1025 X 10" kg/m?) (4,14 x 107 m) + =2 — —
¢=9.81 m/s’ m=42.4kg+ 318 kg = | 3.60 x 10> kg

3./=3.00m Fet,1 = Frer2=0
A =0.500 m* Fp1—Fg1=Fpr—Fg»
pfw =1.000 X 103 kg/m3 hWVg_ mg= Psng— (m+ mballast)g
Pow = 1.025 % 10° kg/m’ Mpallast8 = (Psw = Pw) V&

Mpatiast = (Psw — hW)A/
my = (1.025 x 10° kg/m® — 1.000 x 10° kg/m?)(0.500 m?)(3.00 m)

mg = (25 kg/m>)(0.500 m*)(3.00 m) = | 38 kg

4. A=3.10x 10" km? Fp =pVg = pAhg

h=0.84 km Fp = (1.025x 10° kg/m”)(3.10 x 10'® m?)(840 m)(9.81 m/s*) = | 2.6 x 10" N

p =1.025x 10° kg/m’

g=9.81 m/s?
5. m=4.80x 10° kg Fp= F,— apparent weight = mg— apparent weight
g=9.81 m/s’ Fg=(4.80 x 10° kg)(9.81 m/s*) — 4.07 x 10’ N=4.71 x 10° N = 4.07 x 10’ N

apparent weight = 4.07 x 10° N Fp=| 640N
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6. h=167m Fg,i= Fg
H=1.50 km PiVig=PswVsug

=1.025 % 10> kg/m’
Paw & pi(h+ H)Ag= p,, HA

_ pSWH
h+H

3 3 3
(1.025 x 10° kg/m>)(1.50 x 10° m) ~ (1.025 % 10° kg/m”)(1.50 X 10° m) -
— = =921k
pi 167 m + 1.50 X 10° m 1670 m

i

7./ =170x10°m Fpor=Fy— Fp

_ 13.9m Mgy p@ = Mgy p€ — Myyy§

PsubVa = Psyp Vg — Mg,

Psub(g§— a)V=mgg
a=2.00 m/s* Py = Mg _ Msw8
gV (g-a)(n’ )
(2.65% 107 kg)(9.81 m/s?)
Psub="(9.81 m/s? — 2.00 m/s%)(7)(6.95 m)*(1.70 x 10> m)

(2.65% 10" kg)(9.81 m/s%)
Psub= (9,81 m/s?)(m)(6.95 m)*(1.70 x 10 m)

Poub = | 1.29 x 10° kg/m®

r =6.95m

Mg, =2.65 % 10" kg

g=9.81 m/s*

3
8. V=6.00m Fy =Fy;
A apparent weight = 800 N Fp ; +apparent weight in water = Fj , + apparent weight in PEG solution

Pyvater = 1.00 X 10° kg/rn3 Pwater V€ + apparent weight in water — apparent weight in PEG solution = py,;, Vg

¢=9.81 m/s’ Puater V€ + A apparent weight
Psoln = Vg

(1.00 X 10° kg/m>)(6.00 m>)(9.81 m/s) + 800 N
Psoln= (6.00 m°)(9.81 m/s?)

5.89x 107 N + 800 N 5.97x10° N
Psoln="(6.00 m)(9.81 m/s2) ~ (6.00 m>)(9.81 m/s2)

Additional Practice B

5
1. P =1.01x10"Pa F=PA (1.01 X 10° Pa)(3.3m?) =|3.3x 10° N

A =33m?

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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2. P=4.0x10"Pa F=PA=P(")
r=50.0m F=(4.0x 10" Pa)(7)(50.0 m)?
3. m,;=181kg P,=P,
my=16.0 kg kB
A, =1.8 m> Al A
¢=9.81 m/s® A= FoA; _ 3mygA; _ 3mA,
F mig mj
(3)(16.0 kg)(1.8 m?) >
2= 181 kg =10.48 m
4. m=4.0x10"kg P;=P,
F,=12x10*N b_B
A,=5.0 m? A A
¢=9.81 m/s? A =A;—?=A;—Tg

R (5.0 m*)(4.0 x 10” kg)(9.81 m/s*) T
= 12x10°N Sl m

31
16 F 1.02x10°'N
5. P=2.0x10" Pa A:E:m: 5.1X1014m2
0O X a
F=1.02x10°'N
A=4n’

A 5.1% 10" m?
"“Nar~ ar

r=]6.4%10°m

Copyright © by Holt, Rinehart and Winston. All rights reserved.

6. F=4.6x10°N o F
A

Assuming the squid’s eye is a sphere, its total surface area is 477r>. The outer half of
the eye has an area of

38 cm
= =19cm

r

A=2mr?

F 46x10°N >
P=——=—"""" " _—120x10"Pa
2t (2m)(0.19 m)? -

7. A=263m’ F 158x10'N =
P=—=-—"""——=16.01x10"Pa
A 263m

F=158x 10" N

P,=1.01x10°Pa Pyauge=P— P,=6.01x 10> Pa—1.01 x 10° Pa= | 5.00 x 10° Pa

Section Two—Problem Workbook Solutions Il Ch. 8-3



Additional Practice C

Givens Solutions

1. 1 =(0.800)(16.8 m) P=P,+ pgh

P=222x10"Pa
P,=1.01x10’Pa

_P-P, 222x10°Pa-101x10’Pa 1.21 x 10° Pa

¢h  (9.81m/5%)(0.800)(16.8 m)  (9.81 m/s*)(0.800)(16.8 m)

Py=1.01x10>Pa
p =1.025x 10° kg/m’
g =9.81 m/s*

g=9.81 m/s’
« h=-950m P=P,+pgh
P=8.88x 10" Pa p-p, 888x10*Pa—1.01x10’Pa -1.2x 10" Pa
P,=1.01x10° Pa P=gh T (981m/s?)(-950m)  (9.81 m/s?)(-950 m)
9.81 m/s> !
=3. m/s
g p= 1.3kg/m3
. P=13.6P, P=Py+pgh

, _ 136Py—Py _ 12.6P
Pg Pg

(12.6)(1.01 X 10° Pa)
(1.025 x 10% kg/m®)(9.81 m/s?) —

127 m

. P=4.90x10° Pa
Py=1.01x10Pa

p =1.025x 10° kg/m’
¢=9.81 m/s?

P-pP, 490x10°Pa—101x10’Pa

h =
pg  (1.025%10° kg/m?)(9.81 m/s?)

4.80 x 10° Pa
h= =477
(1.025 x 10% kg/m>)(9.81 m/s?)

. h=245m
P,=1.01x10°Pa
p=1.025x 10" kg/m’
g=9.81 m/s*

P=P,+pgh
P=1.01x10° Pa+ (1.025 x 10° kg/m?)(9.81 m/s*)(245 m)
P=1.01x 10 Pa+2.46 x 10° Pa

P=12.56% 10° Pa

Il Ch. 8-4

. h=10916m
Py=1.01x10>Pa

p =1.025x 10° kg/m’
g=9.81 m/s*

P =Py + pgh=1.01x10° Pa+ (1.025 x 10° kg/m>)(9.81 m/s*)(10 916 m)

P=1.01x10°Pa+1.10x 10° Pa=|1.10 x 10% Pa

Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Problem Workbook

Additional Practice A

Solutions

Givens

1. Tc=14°C

Solutions

T=Tc+273.15
T=(14+273.15)K

Tp = 2T¢ +32.0

Tr =| 314) +32.0F = 25+ 32.0)°F

2. Tr=(4.00 x 10%)°F

Tec= 3(Ty - 32.0)

Te = 2[(4.00 x 10%) - 32.0]°C = 3(368)°C

T =T +273.15

T=(204+273.15) K

3. T, =117°C ATc=Tg, - Teo=117°C - (~163°C)
Tc,=-163°C ATc = (2.80 % 10%)°C
ATg = ZATC
ATg = 2(2.80 x 10%)°F
4. T; =860.0°F Te = 3(Ty - 32.0)

Te = 2(860.0 - 32.0)°C = 2(828.0)°C

Section Two—Problem Workbook Solutions
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Givens Solutions
5. ATp=49.0°F Tp= 3T +32.0
Tz =7.00°C T = 3(7.00) +32.01°F = (12.6+ 32.0)°F
TE] = TF,Z - ATF = 446OF - 4900F
Te = 2(Tg; —32.0)

Te,) = 2(—4.4 - 32.0)°C= 3(~36.4)°C

6. ATc=56OC TC,] = TC,Z +ATC
Tco=-49°C Te; =—49°C +56°C
TC)] = 7OC

T) =T, +273.15

T, =(7+273.15) K
T, =|2.80 x 10°K

T2 = TC,Z +273.15

T, =(—49 +273.15) K

T,=|2.24x10°K

7. Tp =116 °F T=Tc+273.15= 3(Tp —32.0) +273.15

=[ 50116 -32.0)+273.15| K = | 3(84) +273.15| K = (47 + 273.15) K

T=1[3.20x%10*K

Additional Practice B

1. my=3.05x10" kg APE + AKE + AU =0 APE=0
v; =120.0 km/h AKE = %mHsz - %mHZ/iZ = %(vﬁ )
My
vp =90.0 km/h AU=-AKE = 7(1/,'2 -vf)
AT=1007C m, AT\(AU\ (1\(AU\  my 5
1y = o ==L 2 vd)
AU AU \aT| \k/\AT ) 2kAT
- mwAT_ 5 2 2 3 2
4186] 3.05 % 10° kg (120.0 km) _(90.0km> }[( 1h )( 10 m)}
(1.00 kg) (1.00°C) " [@)@186 N10.0°C)\ || b h 3600s/| 1km

| (1.00kg)(1.00°C) |
= (3.64 kges?/m?)(1110 m%/s* — 625 m?/s?)
=(3.64 kg-s /m? )(480m /52 )

(X

Il Ch. 9-2 Holt Physics Solution Manual
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Givens

2. h=228m

T;=0.0°C
g=9.81 m/s?

fraction of ME;y converted
to U =0.500

k = (AU/m)= energy
needed to melt ice =
3.33x10° J/1.00 kg

Solutions

APE =-mgh

When the ice lands, its kinetic energy is tranferred to the internal energy of the
ground and the ice. Therefore, AKE =0].

AU = (0.500)(MEf) =—(0.500)(APE) = (0.500)(rmgh)

AU (0.500)(gh)
m

_ AU _ (0.500)(gh)
Ckm k

~ (0.500)(9.81 m/s?)(228 m)
(3.33 x 10° J/1.00 kg)

f- o

. 1;=2.333% 10" km/h

h =4.000 x 10° m

(0.0100)(APE + AKE) + AU=0
APE = PEf — PE; =0 — mgh = —mgh

fraction of ME; converted
to U=0.200

T;=-18.0°C
AT 1.00°C

AU/m 448 J/kg

— 2 1 1
§=9.81m/s AKE = KE; — KE; = 0 — smy;* = —3mu;?
fraction of ME converted ) 1 o) .
to U=0.0100 AU =~(0.0100)(APE + AKE) = ~(0.0100) (m)|~gh — v ) = (0.0100) (m)[gh + v )
AU
AU Y
_ AV _ - (0.0100)(gh +§u2)
mAT /
AT=—"=
(3557) k 355]
(1.00 kg)(1.00°C) (1.00 kg)(1.00°C)
2.333 x 10° m/h\?
(0.0100)| (9.81 m/s%)(4.000 x 10> m) + (%)—m
3600 s/h
AT =
355 m%/s%+°C
Ao (0:0100)[(3.92 10* m%/s%) + (2.100 x 10° m?/s%)]
355 m?/s2+°C
. h=8848 m APE =—mgh
¢=9.81 m/s’ MEy =—APE

When the hook lands, its kinetic energy is transferred to the internal energy of the
hook and the ground. Therefore, AKE =0 7.

AU= (0.200)(MEy) = (~0.200)(APE) = (0.200)(mgh)
AUI'm = (0.200)(gh)
AT \[AU

m

1.00°C
448 J/kg

AT =

AT [(0.200)(gh)]

448 J/kg
Ty=T; + AT =-18.0°C+38.7°C

17=[207°¢]

1.00°C
AT= ( )(0.200)(9.81 m/s®)(8848 m) = 38.7°C

Section Two—Problem Workbook Solutions
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Givens

5. ;=629 m

g=9.81 m/s’
vf= 42 m/s

fraction of ME converted
to U =0.050

m=3.00g

Solutions

Because hy =0 m, PEf =0 ]. Further, v; =0 m/s, so KE; = 0].

AU =—(0.050)(AME) = —(0.050)(APE + AKE)

APE = PEy — PE; =0 ] — PE; =—mgh

AKE = KEf - KE; = KEf = 0] = ymuy®

AU = (0.050)(~APE — AKE) = (0.050)(mgh — 3mv®) = (0.050) (m)(gh — 3v7%)
AU =(0.050)(3.00 x 10> kg)[(9.81 m/s*)(629 m) — (0.5)(42 m/s)]

AU = (0.050)(3.00 x 10~ kg)(6170 m?/s> — 880 m?/s?)

AU = (0.050)(3.00 x 10~ kg)(5290 m%/s?)

« h=249m
¢=9.81 m/s’
m=312kg
v =0.50 m/s

fraction of ME converted
to U=0.500

(0.500)(APE + AKE) + AU =0

APE = PE; — PE; = 0 — mgh=—mgh

1 2 —T’?ll/2
AKE = KE; — KE; =0 — ymy* =
2

2 2
AU =—(0.500)(APE + AKE) = —(0.500)(—mgh - %) = (0.500)(mgh + %)

AU = (0.500)[(312 kg)(9.81 m/s%)(2.49 m) + (0.5)(312 kg) (0.50 m/s)?]
AU = (0.500)[(7.62 % 10° ]) + 39 J]

Il Ch. 9-4

. AT =0.230°C
¢=9.81 m/s?

fraction of ME; converted
to U=0.100

AU/m _ 4186 ]/kg
AT~ 1.00°C

AU/m
AT

AU

m

AT

_ (OI00)MEp) _ (0.100)(APE) _ 1 00)(ghy
m

m

Because the kinetic energy at the bottom of the falls is converted to the internal en-
ergy of the water and the ground, AKE =0 J.

AU/m

B AT
~(0.100)(g)

AT

(0.100)(9.81 m/s?) /| 1.00°C

(
h=
\

0.230°C )(4186 I/kg)

Holt Physics Solution Manual
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Additional Practice C

Givens Solutions

1. Q=(28x10°W)(1.25) Q =-mcy (T = T,) = mecy (T, = Tf)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Cpe =387 J/kge°C
T.=26.0°C
Tf=21.0°C

S
Cp,c( Tc - Tf)

~ (2.8x10° W)(1.2's)
"= (387 J/kg°C)(26.0°C — 21.0°C)

(2.8%x10° W)(1.2's) -6
Me (387 J/kgs°C)(5.0°C) n

. m,, =143 x 10’ kg

T,, =20.0°C

T, = temperature of
burning wood = 280.0°C

Ty =100.0°C

¢px = specific heat
capacity of wood =
1.700 x 10° J/kge°C

Cpw = 4186 J/kg+°C

— Cpx My (Tf— T, = cp,WmW(Tf -T,)

(T —Ty)
Y o (T—T))
(4186 J/kge°C)(143 x 10° kg)(100.0°C — 20.0°C)

(1.700 x 10% J/kg«°C)(280.0°C — 100.0°C)

X

(4186 J/kge°C)(143 x 10° kg)(80.0°C)
" =TT (1,700 % 10° J/kg+°C) (180.0°C)

m, =[1.56 x 10° kg

. AU=Q=(0.0100)

(1.450 GW)(1.00 year)

Cpx = specific heat capacity

of iron = 448 J/kg«°C

m, = mass of steel =
25.1x10° kg

Q=cpxm AT
AT = Q
Cp,x My

~ (0.0100)(1.450 x 10” W)(1.00 year) (365.25 days|( 24 h (3600 s
© (448)/kge°C)(25.1x10°kg) | lyear [\lday)| 1h

. my=225%10"kg

T}; =28.0°C

Cpl = Cpw = 4186 J/kge°C
m; =9.00 x 10* kg
T;;=-18.0°C

Cpi =2090 J/kg+°C
T;f=0.0°C

=mmycp (T = Tp3) = micy i(Ty p — Tj))

m:\( i
Tifp=T, - —’)(ﬂ)(Tgf =T
mj Cp,l
9.00 x 10> kg (2090 J/kge°C
T1f=(28.0°C)—/ ah A8 C )1 0.0°0) - (-18.0°C)]
; |2.25x 10° kg /| 4186 J/kg°C

Ty = 28.0°C - 3.59°C =

. m,,=1.33x10"" kg

T,, =4.000°C

Cpw = 4186 J/kg+°C
P=133x10""W
At=1.000 x 10° years

PAt=Q=myc,, (Ty = T,)

PAt
Tf = + TW

My Cp oy

lyear J\1day/\ 1h
Ty= = +4.000°C
(1.33 % 10" kg) (4186 J/kg+°C)

365.25 day)\( 24 h (3600
(1.33 % 1012 W)(1.000 X 10° years)( ay)( )( S)

T = (7.54 X 107)°C +4.000°C

1y = [4.008°C]

Section Two—Problem Workbook Solutions
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Il Ch. 9-6

Givens

6. T;=18.0°C
Ty =32.0°C
Q=20.8kJ
m, =0.355 kg

Solutions

Q= MyCp, AT

__Q _ Q
m AT m(Ty = T))

Cpx

20.8% 10°]
C, =
P* (0,355 kg)(32.0°C — 18.0°C)

Cpx =| 4190 J/kge°C

7. T,,=-62.0°C
T,, = 38.0°C
m, =180¢g
m,, = 0.500 kg
Ty =36.9°C
Cpw = 4186 J/kge°C

Additional Practice D

Mo Tp = ) = =165, (Tr— T),)

T,—T
Com= (ﬂ><cp, ) (—f )
mm Tf - Tm

0.500 kg
pm=

(36.9°C) — (=62.0°C)

Cpm = | 1.3 10° J/kg+°C

The metal could be gold (¢, =129 J/kg+°C) or lead (¢, = 128 J/kg+°C).

1. my,s=120x10""kg
my,p=4.8x10" kg
Ty =0.0°C
Tg = 100.0°C
Cpw = 4186 J/kg+°C
Ly of ice =3.33 X 10° J/kg

Qg = energy transferred by heat from Lake Superior = ¢;,,,, 1, 5(Ts — Tp)
Qg = energy transferred by heat to Lake Erie = m,, g L¢ + my, g, (Tr — Tg)
From the conservation of energy,

Qs=Qg

Cpwtiys(Ts = Ty) = my, gLy + my gy (Ty — TE)

(M ECpw F Cpw My s) Ty = €yt sTs + My g ¢y Tg — My gLy

_ oty sTs + my, g Tg) — my, gLy

cp,w(mW,E+ Myy,)

Tf ,where T =0.0°C

CP:W mmSTS - mW’ELf

Cow (mw,E + mw,S)

Tr=

_ (4186 J/kg+°C)(1.20 x 10'® kg)(100.0°C) — (4.8 x 10" kg)(3.33 x 10° J/kg)
= (4186 J/kge°C)[ (4.8 x 10" kg) + (1.20 x 10" kg)]

~(5.02x10%")) - (1.6 10°°])
(4186 )/kge°C)(1.25 x 10'® kg)

1p=[92.9°¢]

2. Tf =-235°C
Tfreezing = 0.0°
m,, = 0.500 kg
Cpw = 4186 J/kge°C
Cpice = Cp,i = 2090 J/kge°C
Ly of ice =3.33 X 10° J/kg
Qe =471KkJ

Qror = €pwtyy (T; = 0.0°) + Lemy, + m,, ¢, :(0.0°= Tp) = ¢ 1, T; + Lymy, — ¢ iy, T

T = Qyor — Lfmw + Cp,imwa

i

Cp,wihy

o (A71% 10°J) — (3.33 x 10° J/kg)(0.500 kg) + (—235°C)(2090 J/kg+°C)(0.500 kg)
=

(4186 J/kg+°C)(0.500 kg)

(4.71%10°J) — (1.66 X 10° J) — (2.46 X 10°J)
2093 J/°C

T =

1

Holt Physics Solution Manual
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Givens Solutions
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T, = 100.0°C

L, of steam =2.26 x 10° J/kg

3. Ti =0.0°C mst/ = miLf
m; =4.90 x 10° kg miLy
mg=——=
Ly of ice =3.33 X 10° J/kg L,

(4.90 x 10° kg)(3.33 x 10° J/kg)
B 2.26 x 10° J/kg

my=[7.22x10° kg

M

. mg=1.804x 10° kg

Ly of silver = Ly, =
8.82x 10% J/kg

Lf Of ice = Lﬁi =
3.33x10° J/kg

mgLps = miLy;
_ mslgs
-
(1.804 x 10° kg)(8.82 % 10* J/kg)
"= 3.33 % 10° J/kg

m; = |4.78 x 10° kg

i

. mg=12.4414 kg

Q= mgpo(Tgy = Tgi) +mgly

V. = (0.800)(V,,)

p.=8.92x10° kg/m’

Lp=1.34%10J/kg

T,i=5.0°C L Q—mgcyo(Ty =Ty
Q=250 MJ / mg
Cpg =129 J/kg°C (2.50 x 10° ) — (12.4414 kg) (129 J/kg+°C)(1063°C — 5.0°C)
Ty =1063°C = 12.4414 kg
(2.50 % 10°7) = (1.70 x 10° J)
a 12.4414 kg
Lp=|6.4x10")/kg
. V,=720m’ a. m.=p,V,

m. = (8.92 % 10° kg/m>)(0.800)(7.20 m>)

m.=|5.14x 10" kg

15
b. fraction of melted coins = =—
mcLy 100
15 15(5.14 x 10* kg)(1.34 x 10° J/kg)
Q=— mch =
100 100

Section Two—Problem Workbook Solutions
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Givens Solutions

7. m, =3.5x10" kg a. Q=m, (T —T;) +m,L,

T; =10.0°C Q=(35x10" 11<9g)(4186 ]/kg-‘;C)(IO0.0"C -10.0°C)
T, = 100.0°C +(3.5%x 10" kg)(2.26 x 10° J/kg)

e = 4186 J/kgs"C Q=13%x10"+7.9x10”]={9.2x10%]

L, of water = 2.26 X 10° J/kg
b. Q = PAt

Q  92x10%]
At==="2""__" 10235
P 4.0x10%°7/s

P=40x10%7/s

Il Ch. 9-8 Holt Physics Solution Manual
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Problem Workbook Solutions

Thermodynamics

Additional Practice A

Givens Solutions
1. P=5.1kPa W=PAV
3
_ 3 W 3.6x%x10
W=36x10"] AV=—= 2T ) ix10 m?
; P 5.1x10°Pa
Vl':0.0Hl
V=V+AV=00m’+7.1x10" m’=|7.1x 107! m°
2. m=207kg W =mgh =—PAV
2
=9.81 mgh
g m/s AV = 4
h=3.65m —P
_ 6 207 kg)(9.81 m/s2)(3.65 m
P=1.8x10"Pa AV = ( 8)( i ) ): A1x10° m3
—(1.8 x 10° Pa)
3. = 1.22m W =PAV
r;=0.0m W
W =642k AV
AV=3iir(rf3—r,»3)
w 642 10° ] 1
P=— = - =|8.44 x 10* Pa
a1y ix(1.22m) - (0.0 m)ﬂ
4. 1;=7.0x10" km W =PAV
8
=7.0x10%m V=i
:=0.0
i m AV = Vf—Vi=§7l'(1‘f3—Ti3)
W=3.6x10*] .
W=(P)(5m)(rf" = 17)
P= w
4
(;ﬂ)(ffS—riS)
(3.6x10*)) -
p= = _2.5>< 10’ Pa
Gm)[(7.0x 10%m) - (0.0 m)?]
5. P=87kPa W =PAV
AV=-250%x10"m’ W= (87 x10° Pa)(=25.0 x 10> m®) = | -2.2 x 10°J

Section Two—Problem Workbook Solutions Il Ch. 10-1
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6. rp=29.2cm W =PAV
ri=0.0m AV = Sr(rf = 17)
P=25.0kP

a W= %muz
m=160.0g

%mz/2 = (P)(%n’)(rﬁ - r,-3)

L B
v= Sm(rf i)

. \/(87[)(25.0 X 10° Pa)|
~V (3)(160.0 x 107 kg)l

(29.2% 1072 m)* - (0.0 m)>

Additional Practice B

1. m=227kg AU=U-U;i=Q-W
h=845m W = mgh
<g:9.81m/s2 Up=Uj+Q~-W=U;+Q—mgh
U;=42.0Kk] Up = (42.0x 10° J) + (4.00 x 10° J) — (227 kg)(9.81 m/s”)(8.45 m)
Q=4.00k Uy =(42.0x10° ]) + (4.00 x 10° J) — (18.8 x 107 J)

Up=[27.2x10°]=2721] |

2. m=4.80x10"kg a. Assume that all work is transformed to the kinetic energy of the cannonball.
Q=0] W= %mzﬂ

=2.00 x 10
v=2.00x107m/s W = 1(4.80 X 107 kg)(2.00 x 10? m/s)?

W ={9.60x 10°] = 9.60 MJ |

Ur=12.0MJ b. AU=Q-W=-W
Ur-Ui=-W
Ui=Up+ W
U; = (12.0x 10°]) + (9.60 x 10° J)

Ui=|216x10°]=21.6 MJ |

3. m =4.00 x 10* kg a. Q=mc,AT
cp =4186 J/kgs°C Q = (4.00 x 10* kg) (4186 J/kg+°C)(~20.0°C)
AT =-20.0°C Q={-3.35x10]
W=164x10"] b. Q of gas=—Q of jelly = —(-3.35x 10° ) =3.35x 10° ]
AU=Q-W

AU=(3.35x10°]) — (1.64 x 10°])

Il Ch. 10-2  Holt Physics Solution Manual
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Givens

4. m=164x10"kg
h=75.0m
g=9.81 m/s’
T;=6.0°C
Tf =100.0°C
Cpw = 4186 J/kge°C
L, of water = 2.26 X 10° J/kg
AU = (-0.900)(U;)

Solutions

W = mgh = (1.64 x 10" kg)(9.81 m/s*)(75.0 m)

W=1.21x10"%]

Q =-mey, (Ty = T;) = mL, =—ml ¢, (Ty = T;) + L,]

T — T; = 100.0°C — 6.0°C = 94.0°C

Q =—(1.64x 10" kg)[ (4186 J/kge°C)(94.0°C) + (2.26 X 10° J/kg)]
Q=-435x10""]

AU = Uy - U; = (-0.900)(U;) = Q - W

Ur = (1-0.900) U; = (0.100)(U;)

AU=Us— Up=— = (0900 2| = w - @
T 0000 S ot00)

U, (0100 W)
77 10.900
Ur= %)[(1.21 x 1018 7) — (=4.35x 10?1 )]

Uy =|4.83x10"]

(Note: Nearly all of the energy is used to increase the temperature of the water
and to vaporize the water.)

5. m =5.00 x 10° kg
v =40.0 km/h
U;=2.50%10°]
Up=2U;

W= %mz/z
AU=U;-U;=Q-W
Uy =20

AU=2U; - U; = U
Q=AU+ W=U;+ ;mv?

Okm\/ 1h \(10°m\]
(2,50 X 10°]) + 1(5.00 x 10° kg)| [222
Q= @30>107]) + 3500 g)K h /13600s/\1km

Q=(2.50x10"]) + (3.09x 10° J)

Q=[559%10"]

6. P=2 59 10° /s
At

At=1.0s
AU=2.6%10"]

AU=Q-W=PAt-W
W=PAt—AU
W=(5.9%10°J/s)(1.0 s) — (2.6 x 10° J)

w-[zxw

Section Two—Problem Workbook Solutions Il Ch. 10-3




Givens Solutions

(2)(40.0 x 10°))

7. h=1.00x10°m a. AU=Q-W
v =141 km/h All energy is transferred by heat, so W =
Ui:40'0 M] b. AUZQZ %mvz
m=76.0k
8 AU mv?
—-x 100 = [ — |(100)
; 2U;
2 2/, 3 2
141 k 1h 10
(76.0 kg) m ) (100)
AU ) h 3600s/ | 1km

=[0.146 percent

Additional Practice C

1. ¢ff = 8 percent = 0.080 Qn— Q. Q.
eff = =1-—=
Q, =250k Qn Qn
—Q=Quleff-1)
Qc = Qh(1 - eﬁ)

Q. = (2.50 kJ)(1 — 0.08) = (2.50 kJ)(0.92)

W= Qh - Qc
W=2.50k] —-2.3k]

w-[o2u]

2. P, =15MW off = Waer _ Preit
eff =16 percent=0.16 Qn Qn
Q,=2.0x10°] e (eff )(Qp)
Prer
(0.16)(2.0 x 10°7)
T lsx10°wW
3. P, =19kW Wiet = PerAt
eff =6.0 percent = 0.060 off = Wher
At=1.00h Qn
0, = Wer _ Puet
eff eff
(19KW)(1.00 h) (&)
1h
%= (0.060)

Qu=|11x10°k = 11x10°] |

Il Ch. 10-4  Holt Physics Solution Manual
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Givens Solutions

4.P,,=370W off = Wier _ PrerSt
Af=1.00 min =60.0 s Qy Qp
0.19 Q, = P At
eff=0. h o
(370 W)(60.0 s)
h 0.19

Qy=12x10°] =

Copyright © by Holt, Rinehart and Winston. All rights reserved.

5. W, =2.6 M] _ Waee . Woe
Mj 70 o,
Qh/m =32.6 — h Q (m)
kg m
m =0.80 kg
2.6M
o M
M
(32.6 —]>(0.80 kg)
kg
o=
6. m =3.00x10* kg Wier = mgh = Qp — Q,
g=9.81 m/s’ Qp= Wy + Q.
h=1.60x 10 m = Waet - Woe mgh
eff =——= =
Q.=3.60x10%] Q. Wpa+ Q. mgh+Q
. (3.00 X 10*kg)(9.81 m/s*)(1.60 X 10* m)
e

~ (3.00 X 10" kg)(9.81 m/s2)(1.60 X 10> m) + 3.60 X 10°]

of =[0.12]

Section Two—Problem Workbook Solutions Il Ch. 10-5
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Problem Workbook Solutions

Vibrations and Waves

Additional Practice A

Givens Solutions
1. m=0.019 kg k_F_mg
g=9.81 m/s’ x X
k=83 N/m (0.019 kg)(9.81 m/s?)
= 83 N/m
x=[2.25%x10"m
2. m=187kg k—f—ﬂg
k=1.53x%10*N/m XX
2
¢=9.81 m/s’ o (187kg)(9.81 m/s”) _ 0120m
1.53 % 10* N/m
3- m1=389kg F]_FZ
x;=12%10" m xXp o X
m,=1.5kg .= Fix,  mgx;
=212 _ g%
F, myg
(389 kg)(1.2x 107> m)
= =031
*1 (1.5kg)
4. m=18.6kg _F_mg (18.6 kg)(9.81 m/s)
x=37m Txox (3.7 m)
=9.81 m/s
g s k = |49 N/m
5. h=533m k_F_ mg  3mg
Xy = %h X (XZ - xl) h
2
k= =|3.87 N/
2 o
Xy = gh
g=9.81 m/s’
6. k=2.00 x 10> N/m a. F= kx= (2.00x 10> N/m)(0.158 m) = |31.6 N
x=0.158 m F  kx
5 b. m=-=—
£=9.81m/s g g
(2.00 x 10> N/m)(0.158 m)
m=
(9.81 m/s?)

Section Two—Problem Workbook Solutions Il Ch. 11-1
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7. h=1.02x10*m F=kx=k(h—-1L)

_ 3 _
L=4.20x10"m F=(3.20x 1072 N/m)(6.0x 10’ m) =| 190 N

k=3.20% 1072 N/m

8. h =348 m F=kx=k(h—L)=mg
L=2.00x10’m (25.0 N/m)(148 m)
] m= - =(377kg
k=25.0N/m (9.81 m/s?)
¢=9.81 m/s>

Additional Practice B

1.1=67m L [ (6.7 m)
T=2n |[—=2n |——— =525
ag (9.81 m/sz)

ag=g=9.81 m/s>

2. L=0.150m |L (0.150 m)
T=2n |—=2rn |————=10.777 s
ag (9.81 m/s?)

ag=g=9.81 m/s’

3. x=0.88m Ax 4(0.88 m)
T=2rm |— =27 |———
a,=g=9.81 m/s’ ag (9.81 m/s%)
4. f=64%x107%H 1 L
f=6.4x10 z T=—=2n'\/:
a,=g=9.81 m/s’ f ag
a (9.81 m/s?)

T a2 4n(6.4x 1072 Hz)?

5. t=3.6x10° L ¢
¥ T= 27:\/: =—
N = 48 oscillations ag N
ag=g=9.81 m/s’ k2 :
ag 332 2
N, (3.6 X107 5)7(9.81 m/s*)
L= 2 2 2
Y5 47~ (48)
L=|14%x10°m
2
6. L=1.00m a7l 477(1.00 m) >
ag= = = 10592 =10.358 m/s
T=105s (10.5s)

Il Ch. 11-2  Holt Physics Solution Manual
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Additional Practice C

Givens Solutions
1. f;=90.0H [ 1
k =2.50 x 10 N/m k  3.00x107%f;

k (2.50 x 10> N/m)
AR (3.00 1072212~ 47%(3.00 x 1072)%(90.0 Hz)?

2. m1=3.5><106kg T:1—:27z: [my +m,
f=0.71Hz f k

k=1.0x 10° N/m __k
my=——5"
ansf

(1.0 x 10° N/m) , ok
My=——s——————35x1 =|1.5x%
27 47%(0.71 Hz)? & g

my

3. m=20.0k 47 m
oy B k=g = drmf?
f=—"=0.712 Hz
60s

k= 47 (20.0 kg)(0.712 Hz)?

k=4.00x 10> N/m
4. m =2.00x10" kg

m
T=2r_ |—
T=16s V &
2 2 5
an’m  4m*(2.00 X 10° kg) <
k = 3 = 5 =[3.1x10° N/m
T (1.6 s)
5. m =2662 kg T=or |m o | mx
x=0200m k mg
2
¢=9.81m/s [ (0.200 m)
T=2m |——— =10.897 s
(9.81 m/s?)

6. m=10.2kg m (10.2 kg)
T=2 — =2 —=(1.24
"VE TV (260 % 102 N/m)

k =2.60x 10> N/m

Additional Practice D

1. f=2.50 x 10> Hz v 1530 m/s
A=-=—"—""" =1612m
f 2.50x10*Hz

v =1530m/s

Section Two—Problem Workbook Solutions Il Ch. 11-3



Givens Solutions
2.f=123H 334

f=12sne LD Py
v=334m/s f  (123Hz)

3. 1=20%x107m v (334 m/s) —
== — " =|1.7%x 10" Hz
f= = Goxtotey = LL7X10"H:

v =334 m/s

4. 1=254m v (334 m/s)
=— ="~ -|131H
f= = stm)

v =334 m/s

. f=734H
5-f z v=fA=(73.4 Hz)(4.50 m) =

A=4.50m

6. f=2.80x 10° Hz v=fA=(2.80x10° Hz)(5.10 X 10~ m)

-3
A=510%x10"m v=11.43%10>m/s

Ax=3.00x10° m

A A _ (3.00 x 10° m)
v (1.43x10° m/s)

Il Ch. 11-4  Holt Physics Solution Manual
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Problem Workbook Solutions

Additional Practice A

Givens Solutions

1. Intensity =3.0 X 107 W/m?

Intensity =
7 axr?

P= 47rr2(Inten5ity) =47 (4.0 m)2(3.0 x 1072 W/mz)

r=4.0m

2. r=80x10"m , p
Intensity = —
Intensity = 1.0 x 10> W/m? armr

P= 47rr2(Intensity)

P=47(8.0%10° m)*(1.0 x 1072 W/m?) = | 8.0 x 1074 W

3. Intensity =1.0 X 1072 W/m?

Intensity =
P=20x10"°W 4mr

P
r =
V 47 (Intensity)

/ 20x10°°W

2
= =14.0x10
r \/47[(1.0><10‘12W/m2)

2

4. Intensity=1.1 X 1075 w/m? 2 P
rtr"'=——
P=30x10"*W 47 Intensity
[ P [ (3.0x107*W)

= = = 4
T \/ A7 Intensity \/ 4m(11x 10 B wm?) ~ 1.5x10" m

5.P=1.0x10"*W

Intensity =
ensty axr?

(1.0x 1074W)

o —6 2
Intensity = m2sm? 1.3x 10 ° W/m

r=2.5m

6. Intensity = 2.5 x 10~° W/m? P = 47xr*(Intensity)
r=25m P=47(2.5m)*(2.5% 10°° W/m?)

P={2.0x10"*W

Section Two—Problem Workbook Solutions
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Additional Practice B

Givens Solutions

1. fig =267 Hr _tsy_ 15034my)
v=334m/s 4fs 4(26.7Hz)

2.1=347m L A _ (347 m)(5.00x 10% m/s)(3)
v, =5.00 % 10> m/s T, 2(334 m/s)
v,=334 m/s

3.n=19 fro= nv._ 19(334 m/s)
L=8m 7507 2(86m)

v— 334 s fio=

4.1=350x10°m 75 v
fr5= oL
f75 =355 HZ
n=75 21f,s  2(3.50x 107 m)(35.5 Hz)
YT T 75

5.L=47x10"m 4L
A=3.76x10"m n

-3
4L  4(4.7x107° m)
T B76x10°%m)
4,  (3.76x107m)

Il Ch. 12-2  Holt Physics Solution Manual
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Problem Workbook Solutions

Light and Reflection

Additional Practice A

Givens Solutions
1. £=9.00 x 10 Hz c=fA

d=60.0m i 4

¢=3.00% 10% m/s 27"

(60.0 m)(9.00 x 10® Hz)

d
A (3.00x10° m/s)
d )
— = | 1.80 X 10” wavelengths
A
2. f=520x 10" Hz c=fA
_ —4
d=2.00x10""m A4 df
c=3.00x10% m/s 2 (A ¢

(2.00x 107 m)(5.20 x 104 Hz)
(3.00 x 10% m/s)

4
A
d
P

3. f=240x10""Hz c=fA
¢=3.00% 10° m/s 1=
f

(3.00 x 10% m/s)
" (2.40x 10" Hz)

A= | 1.25% 102 m=1.25cm

4.1=12x10"°m c=fA
c=3.00x10% m/s f= X
A

(3.00 x 10% m/s)

T (12%x10%m)

f=[25%10"Hz=250 TH|

Section Two—Problem Workbook Solutions
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5.1,=20x10"m c=fA
12=50x10"m _ o (300x107mss)
¢=3.00 x 108 m/s T (20x107 m)

fi=15x10"Hz=15x10'"" Hz

¢ (3.00x10%m/s)

L= Box10om)

,=6.0x 10" Hz

[6.0x 10" Hz < f <15x 10" Hz

6. f=10.0 Hz c=fA
c=3.00x10% m/s P
f

(3.00 x 10% m/s)

(10.0 Hz)

A=|3.00x 10" m=3.00x 10" km

Additional Practice B

1. p=370x10"m 1 1 1
£=2.50x10°m a f »r
1 1 1 _(4.00x10°%)  (2.70x107°)
g (250x10°m) (3.70 x 10° m) Im Im
—6\—-1
1.30 % 10 5
=———] =7.69%x10°m= -769km
q -7.69%x10°m
M=-2-=

p 370x10°m

THET

2. h=8.00x10"m 1,11
f=250x10"m poa f
q=-59%10"m 1.1 1

p f 4

1 1 40.0 169 417

1
p (250x102m) (-59%10'm) 1m 1m 1m
p

=2.40x 1072 m

% -5.9% 107"
ol a__(59x10 m)

— 24.6
h p (240x107°m)

Il Ch. 13-2  Holt Physics Solution Manual
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Givens

3. h'=-280m
h=7.00m
f=300m

Image is real, so ¢ > 0 and
K <0.

Solutions

m=_d_F
p h
_ K
R
11 1
— 4 — = —
p q f
1 1 1
— 4+ - —
p o [-pw\ S
h
1( h) 1
—(1-—=]==
p\ W) f
h
= 1——
p f( h,)
— (30.0m)[ 14+ 220m
P= 28.0 m

4. ' =674m
h=1.69m
R=12.0m
(h'>0,9<0)

_ (12.0m) (1 1.69 m

5 o7 m) = (6.00 m)(0.975)

| Image is virtual and therefore upright.

Section Two—Problem Workbook Solutions
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5. h=32m 1 . 1 _ 1
f=120m poa f
p=180m 1.1
a f p
11 1 00083 0.0056 0.0027
q_(IZOm) (180m)_ 1 m Im  1m
q=13.7%x10>m
h/
M= — :—‘—1
h o p
h
w=-L
p
, —(370 m)(32 m)
(180 m)
The image is inverted (h' < 1)
and real (> 0)
6. 1=0.500 m 1 2 1
R=0.500 m 9 R p
»=1.000m 1 2 1 400 1.000 3.0

g (0500m) (1.000m) Im 1m Ilm

q=10.333 m=333 mm

m=_2_F
p h
o _ah _ ~(0.333 m)(0.500 m)
T (1.000 m)

I =|-0.166 m=—166 mm |

| The image is real (q > 0). |

Il Ch. 13-4  Holt Physics Solution Manual
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Givens Solutions

7. p=1.00x10° "
P 00X 10" m M:—ﬂ:—
h=1.00m p h
h'=-4.00x10"°m q= _ph’
h
(h" <0 because image is
inverted) ! + 1.2
p 4 R
_ 2 _ 2p
1 h h
- 1 ——
p ph/ h/
R 2(1.00x10°m)  (2.00x 10° m)
B (100m) | (1+250x10%)
1 S —
(4.00 X 107 m)

R=0.800 m =80.0 cm |

Copyright © by Holt, Rinehart and Winston. All rights reserved.

8. h=10.0m q N
M=-21=_"
p=18.0m p
W =-240m 4= _kp
h
Image is real, so ¢ > 0, and
h" must be negative. l 4 l _ E
p q R
_ 2 B 2p
1 h | h
p ph/ hl
2(18.0m)  36.0m  (36.0m)
B 100m\ (1+0417)  (1.417)
24.0 m

Section Two—Problem Workbook Solutions Il Ch. 13-5



Additional Practice C

Givens

1. R=-6.40%x10°m
p=384x10°m
h=3475x10°m

Solutions
1 1 2
—_— 4 — = —
p q R
1 2 1
qg R p
1 2 1 _(313x1077)  (2.60x107)
g (=640x10°m) (3.84x10°m) 1 m 1m
3.16x 107\ 6 ;
g=———] =-3.16x10°m=-3.16 x 10> km
1m
h/
M=_2_1
p h
h
p=-2
p

—(=3.16 x 10° m)(3.475 x 10° m)
(3.84 x 108 m)

h'=

I'=|2.86x 10" m=28.6 km |

2. p=553m
R=-120x10*m

r. 1.2
p q R
2 1
q R p
1 2 1 0.0167 0.00181  0.0185
g7 ((120x10°m) (553m)  1m  1m _ Im
q=-541m
M= _4q_ —(—54.1 m)
p (553 m)

=707

3. R=-35.0%10’m
p=1.00x10°m

Il Ch. 13-6

1 1 2
—_t — ==
p g9 R
1 2 1
qg R p
1 2 1 _ (571x107) (100X 107)
g (-35.0x10°m) (1.00x10° m) 1m 1m
6.71x107°\! I
=S| =]-149x 10 m=-14.9km
1m

Holt Physics Solution Manual
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Givens

4. h=14x10m
B =11.0m

R=-550m

Solutions

. 110m
(1.4x10°m)

w-[5x07)

| Scale is 7.9 x 107%1 |

q=-pM
1.1 2
p g9 R
1 1\ 2
—1=-—] ==
P( M) R
_R1 1
P=3 M

[-550m\[ 1-1
L 7.9%107°

5. scale factor = 1:1400
f=-200x10"m
1

M=
1400

p=(=20.0x 10" m)(1 — 1400)

Section Two—Problem Workbook Solutions
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6. h=138m q N
M=-1=—
p=6.00m p h
h'=9.00x 107> m _pn
q=-
h
1 1 2
— 4 — = —
p q9 R
1 h 2
p pH "R
2
R=—"F
h
1— —
h/
e 2(6.00 m) _120m
. 1.38 m (1-153)
9.00x 10 m
R=|-7.89%102m=-7.89 cm |
7. W =478x10" m q W
M:——:—
h=128%10"2m p h
f=-640x10"m __gh
p==7
h
11 1
—_t —=—
p qa f
1 11
—ah) 1]
h/
1(—h’ ) 1
l—+1|==
q\ h f
h/
=fl1- —
q f( h)
478x 10 m
=(-64.0%x 1072 m) |1 - ——"— | = (-64.0 x 107> m)(0.963
1= m)< 12.8><10_2m> ( m) )
q=|-61.6X% 102 m=-61.6 cm|
Il Ch. 13-8 Holt Physics Solution Manual
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Givens

8. h=0280m
B =2.00%10"m
q=-50.0x10"m

Solutions

M:—:—ﬂ
p
__4h
p= W
1 1
—_ —=—
p q f
1 1 1
+—-==
—qh\ 4 f
h!
1(—h’ ) 1
“l—+1|==
q f
q

=

(-50.0x10%m) _ (-50.0x 10> m)

[ Coxtm] 09
(0.280 m)

f=|-504%102 m=-504cm |

Section Two—Problem Workbook Solutions
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Problem Workbook Solutions

Refraction

Additional Practice A

Givens Solutions
1. 6,=72° sin 6; sin 72°
1 =% (1,00 8272 _[7]
6,=34° sin 6, (sin 34°)
n;=1.00
2. 0,=47.9° sin 6; sin 47.9°
l =i (1.00) S A7) )
0,=29.0° sin 6, (sin 29.0°)
n;=1.00
3. 6,=17° glass to water:
=15 E ] [1.33 |
' 6;=sin"| —(sin 6,) | = sin~'|=—(sin 17°) |= | 15°
n,=133 |, ] |15 ]
0,=15° air to glass:
n.=1.5 (1 ] 1.5 )
' 6;= sin”'|~(sin 6,) | = sin~!|——(sin 15°) | = | 23°
1 T
n;=1.00 |, ] 11.00 ]
4. 0,=55.0° (sin 6,) 133 (sin 53.8°)
n=n =1. =1
0,=53.8° " T (sin 6, (sin 55.0°)
n,=1.33
5. 0,=48° air to glass 1:
n;=1.00 1l m; 4] 1.00
! 6,=sin ! —(sin 6;) | = sin ! —(sin 48°) | = 3.0 x 10te
n,=15 n, 1.5
6,=3.0x10'° glass 1 to glass 2:
n;= 1.5 n: 1.5
6, =sin"'|—(sin 6;) | = sin~|—(sin 3.0°) | = | 28°
et s 2 | s 20
0;=28° glass 2 to glass 3:
ni=1.6 1; 1.6
6,=sin"! —(sin 6)) | = sin”! —(sin 28°) | = --26O
n,=1.7 ’ LT ! 1.7

Section Two—Problem Workbook Solutions Il Ch. 14-1



Additional Practice B

Givens Solutions
1. f=845m 11
q:—ZSm p q f
111
p f a
11 1 _0.118 0040 _0.158
p (845m) (-25) 1m 1m Im
p=63m
__49_~(25m
 p  63m
u-
2. 0=150m 11 1 1 1
4=-6.00m p f q -858m —6.00m
55 1_-0117 0167 _0.050
f=-858m p 1m Im Im
~Kp (1.50 m)(20.0 m)
h=—t = - T _1500m
; eoom)
3. h=7.60x10"7m Wooogq
M: _ == =
W =4.00%102m h
_ —2 ph’
f=-140x1072m a=-"-
11 1
— 4 — = —
p oa f
1 1 -1
— 4+ [
P f

—2
=(-140x 107 m)[1 - —————
p=l )< 4.00x 1072 m

—2
7.60 X 102 m _
): (=14.0 X 1072 m)(0.90)

p=[130x10"' m=13.0cm|

ph'  (1.3x 107" m)(4.00 x 1072 m)
T (7.60 X 1072 m)

g=|-684x 102 m=-6.84 cm|

Il Ch. 14-2  Holt Physics Solution Manual
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Givens Solutions

4. h=280m Woooq
M=—=-1
W' =3.50 m hp
h/
f=-100m g=-22
h
11 1
—t —=—
r q f
| 1 1
— 4+ = —
p f

h

P—f(l—?
pz(—lOOm)(l— zgom)
0m

Copyright © by Holt, Rinehart and Winston. All rights reserved.

5. M =140cm 1 1 1 1 1
q=-19.0 cm p f g -200cm -19.0cm
3
f: 20.0 cm l _ —0.0500 . 0.0526 _ 2.60 x 10
p 1cm 1cm 1cm
p=385cm=
ph’ (385 cm)(1.40 cm)
h=-"—=-——""—"———=|284cm
q (=19.0 cm)
6.h=13x10"m o __a
h
W =52x10"m p
h/
f=6.0x 10 m q=—ph
1 1 1
— 4 — = —
p a f
1 1 1
— 4+ J—
po ph\ f
h
1( h) 1
_1__, ——
p W) f
h
=fl1- =

-3
p=(6.0x107" m){l _ (1.3x10 m)}

(5.2x 107> m)

p=|45x107m=45cm|

ph' —(45x 102 m)(5.2% 107> m)

=== (13% 107 m)

q=|-0.18m= -18 cm

Section Two—Problem Workbook Solutions Il Ch. 14-3



Givens Solutions

7.f=267x10"m L1
p=3.00m p a9 f
Image is real, so h' < 0. l — l _ l
qa f p
1 1 1 375 0333 342
g (267x102m) (3.00m) Im Im Im
g=|0292m=29.2cm
m=-1
p
(0292 m)
(3.00 m)
M=[-9.73x107
8.h'=225m 1111 1
p=120m qg f p -568m 120m
f=-5.68m 1 —0.176 0.083 —0.259
q 1m Im 1m
Hp (2.25 m)(12.0 m)
h=——t=- 2 = —1699m
; e
9. h=0.108 m 11
p=4h=0.432m poa f
f=-0216m 1.1
q f p
1 1 1 463 231 694
q (-0.216 m) (0.432 m) 1m 1m 1m

q= |—0.144m:—144 mm

h _ q
h p
=12
p
- (~0.144 m)(0.108 m)

(0.432 m)

I =|0.0360 m =36.0 mm |

Il Ch. 14-4  Holt Physics Solution Manual
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Givens Solutions

10. p=117x10°m IV
M=24 p

q=—pM=—(117 x 107> m)(2.4)
q=—0.28m
1 1 1
— 4 —=—
P 4
1 1 1 855 3.6 50

f (117x10°m) (028m) 1m 1m 1m

f=[020m=2.0x10> mm

11. Image is real, and therefore _q
inverted. Y
h_ =M=-64 1 1 1
h —t—==
p g f
q=12m
M 1 1
—_ - ==
a 4q f
f:
(1-M)
(12 m)
s
[1-(-64)]

f= | 0.18m=18 cm| | Image is inverted

Copyright © by Holt, Rinehart and Winston. All rights reserved.

12. h'=-0.55m _g_z
h=2.72m p h
— ph’
p=50m =
==,
1 1 1
—_— - — =
p qa f
1.1 _k
f p p
1_1( h)
f»r '
f=—2L
h
1— —
=
B 5.0 m _S.Om
1_(2.72m) 5.9
(—0.55m)

- [z

Section Two—Problem Workbook Solutions Il Ch. 14-5



Givens

13. p=120x10"m
M=3.0

Solutions

M=_1
p
q=-Mp
1
+—-==
p qa f
rtr_1
p Mp f
1( 1) 1
—|1-=]==
p M| f
f=—2L
1
1— —
-5
(12.0% 1072 m)
f=rF—7—

=54

f=[18x10" m=18 cm|

14. h=7.60x10"m

p=160x10"m
f=-120x107m

1 1 1
—_ - —= —

p qa f
M=_1_1
p

__DPH
==
1 1 1
— + - —
p f

h_p
h o f
h__r
I f
h'= h
4]
f
e (7.60x107°m)  (7.60x102m)
L (160 102 m) (2.33)
(-12.0x 1072 m)

I=|326x102 m=326cm|

Il Ch. 14-6 Holt Physics Solution Manual
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Givens Solutions

15. h=48m 111
f=11x10"m poa f
p=120m r_ 1.1
a f p
1 1 1 91  (83x107) 9.1
q_ (11x107 ' m) (120m)_1m 1m T 1m
q=1.1><1071m
h/
M:—:—g
h p
L
p
—(1.1x 107 'm)(48 m)
h =
(120 m)

W =|44%x102m=—4.4cm

16. f=-0.80m VL
W=050%10" m h p
h=0.280m qz_Ph’

h
1 1 1
—_t —=—
p q f
1 1 1
— 4+ - —
P [-pW\ f
h
1(1_3)_1
p Wlof
h
=fl1—- —
p f( h,)

(0.280 m)
=(-0.80m)|1—- ————~
p=( m){ (0.50><10_3m)}

ph' —(4.5x10m)(0.50 X 107 m)
q:— =

h (0.280 m)
Additional Practice C

— o
1. 6.=46 = nising, = (1.5)(sin 46°) = [ 1.1]
n;= 1.5

Section Two—Problem Workbook Solutions Il Ch. 14-7



Givens Solutions
2. n;,=1.00 sin 0; sin 75.0°
! nr:n,( - ’):(1.00)( : ) =2.44
6;=75.0° (sin 6,) (sin 23.3°)
0,=23.3°
n
T’li:2.44 95_5111:— |:_7‘:|
n;
n,=1.00
0
-1 °
s [ 151)-
3. 9c=42'10 n n, 1.00 _
n.=1.00 " sin 6, sin42.1° :
=1
4, n,=1.56
K sin 6, = —
n,=1.333 n;
[1,] [1.333
6.=sin"!|—L|=sin"!|——| = m
‘ n; 1.56 -
5- ﬂi =1.52 oo ,1 00
n .
6.=sin"!|—|=sin"!|——|=|41.1°
h=0.025 mm c " 152
n, =1.00

r

Ax = h(tan 6,) where tan 6, = L
n;

My

nj

d=2Ax=2(0.0160 mm) = | 0.0320 mm

1.00
Ax = h( ) =(0.025 mm)<ﬁ> =0.0160 mm

Il Ch. 14-8 Holt Physics Solution Manual
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Problem Workbook Solutions

Interference and
Diffraction

Additional Practice A

Givens Solutions
1.d=120x10"°m For constructive interference,
A=1561x10"m dsin 0= mA
m = 5; constructive . mA
. sin @ = —
interference d
_y[mA
@ =sin"! nz
d
—9
5)(156.1 X 10
9=sin_1{( X — m)—|
| (120x10°m) |
2.d=6.00x10"°"m For destructive interference,
1=633%107 m dsin 6 =(m +3)2
m= 05 destructive _— %) 1
interference -
sin @ =
d
(m + %)Z,
f=sin"|———
sin 7
_(0 + %)(6.33 x 1077 m)
|
f=sin (6.00x10°°m
3.d=0.80%x10"m For destructive interference,
m = 3; destructive dsin 6 = (m + %)1
interference )
dsin 6
6=1.6° A=-
1
(m + E)

4 (080 10~ m)(sin 1.6°)

(3+%)

A=]64x10°m=6.4um|

Section Two — Problem Workbook Solutions Il Ch. 15-1



Givens

4.4=150%x10"°m

m = 2; constructive
interference

6=19.5°

Solutions

For constructive interference,

dsin 0 = mA
1= dsin 6
m
5 (150107 m)[sin(19.5%)]

2

A=|250x10"° m=2.50 um

5.1=443x 10" m

m = 4; destructive
interference

6=2.27°

For destructive interference,
dsin 0 = (m +%)l
1
(m + E)l

sin @

(4 + %)(443 %107 m)

d= (sin 2.27°)

d=|5.03x10"m

6. f=60.0x 10° Hz
c=3.00x 10% m/s

m = 4; constructive
interference

6=52.0°

For constructive interference,

dsin 0 =mA = me
f
_ mc
 fsin@

~ (9)(3.00x 10° m/s)
"~ (60.0 x 10° Hz)(sin 52.0°)

d=|2.54x10' m =254 km

7. f=137x10° Hz
c=3.00x10% m/s

m = 2; constructive
interference

6=160.0°

For constructive interference,

dsin 9=ml=£€
f
_ome
_fsinO

~(2)(3.00% 10° m/s)
" (137 x 10° Hz)(sin 60.0°)

d(sin 90.0°) df

Myppox =" =, =
A A ¢

(5.06 m)(137 x 10° Hz)

max =

(3.00 x 10% m/s)

| The second-order maximum (m = 2) is the highest observable with this apparatus.

Il Ch. 15-2 Holt Physics Solution Manual
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Additional Practice B

Givens

1
"~ 1.00 x 10° lines/m

m=1
0=30.0°
¢=3.00x10% m/s

Solutions

d(sin ) = mA
d(sin 0)

m

ﬂ:

3 [sin(30.0°)]
"~ (1.00 x 10 lines/m)(1)

A=]5.00% 10~ m=5.00 mm

¢ (3.00%10° m/s)
A (5.00x1072 m)

f=6.00x 10" Hz = 60.0 Ghe|

2.d=20x10"%m
m=3

6=12°

d(sin ) = mA
_ d(sin 0)
B m
1o (2.0 1078 m)[sin(12°)]
3

A=[14x10°m=14nm|

3. 1=714x10"m
m=3

6=12.0°

d(sin 0) =
mA
(sin @)

~ (3)(714x 107 m)
T [sin (12.0°)]

d= | 1.03 x 10~ m between lines

or
9.71 x 10* lines/m
4. 1=400x10"m d(sin 6) = mA
d=150.0x10"m 1<ml)
f=sin |—
m=2

_1[2(40.0 x 107 m)
(150.0 X 10~ m)

o~z

Section Two — Problem Workbook Solutions
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Givens Solutions

5. f=1.612x10° Hz
c=3.00x10% m/s

d=450x10">m oo Sin_1<%c)

m=

d(sin 8) = mA= me
f

1

. -1

6 =sin {

(1)(3.00 x 10® m/s) |
(45.0 x 102 m)(1.612 x 10° Hz) |

6.1=22%x10"°m d(sin ) = mA
:; d(sin 6)
6.4 x 10 lines/m m=—
6 =34.0° [sin (34.0°)]
m= =4,
(6.4 % 10* lines/m)(2.2 X 107 m)
7.d= 41 d(sin 8) = mA
25 %X 10% lines/m _d(sin )
A=75%10"m =T
0 =48.6° [sin(48.6°)]
m= P — =4.0
(25 10* lines/m)(7.5x 107/ m)
Il Ch. 15-4 Holt Physics Solution Manual
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Problem Workbook Solutions

Electric Forces
and Fields

Additional Practice A

Givens Solutions
1. q1=0.085C 111112
3 Feectrlc kC
r=2.00x10°m
. 2
Felectric = 8.64 X 10 8 N 4= Folectrict
ke =8.99 x 10° Nem?/C? keca;
(8.64 x 107 N)(2.00 x 10> m)? PEET=T
= X
1277899 x 10° Nem2/C?)(0.085C)
2.q,= 3
91 =9 Fe kc fh@z kc q
92 =39
Fatectric = 24X 1076 N Fr? (2.4 % 107°N)(3.39 m)?
r=339m 3ke V (3)(8.99x 10° Nem?/C?)
— 9 2,2
ke =8.99 x 10° Nem?/C g=[32x10%¢C
3. Felectric=1.0N F=ke Nz(%)z
- 2
r=24x10%m r
ke =8.99 x 10° Nem?/C? _ [E* [F
Qe= |5 =17
ke ke

LON
ge= (2.4x10% m)( /

V 8.99 x 10° Nem?/C2
ge=|2.5x%10"7 C

4. r=1034m U _ (8.99 x 10° Nem?/C?)(2.0 x 107° C)(2.8 x 107 C)
Felecmc kL 7’ (1034 I‘Il)z

q;=2.0x107°C

_ —9
42=-28x10 7C Felectric = | 4.7 X 10_14 N

ke =8.99 x 10° Nem?/C?

ry=2r ry;=2r=(2)(1034 m) =2068 m

—14 2
.- Paearicr? _ [(4:7 107 N)(2068 m)
ke \ 899x10° Nem?/C?

g=|47x107C

5.4,=1.0x10°C Fe kcq1q2

4 =-1.0x10"C

r=7.0x10"m (1.0x105C)2)

F=(8.99 x 10° Nem*/C?) —
(7.0x10"" m)

F=|18x107*N

Section Two—Problem Workbook Solutions Il Ch. 16-1
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Givens

6. N =2000 744
4 =1.60x10""C
r=1.00x 10’ m
ke =8.99 x 10° Nem?*/C?

Solutions

Ng, (2000 744)(1.60 x 1072 C) —
qz%z : -[160x103C

2
q
Felectric = kCF

(1.60x 10713 C)?
Foectric = (8.99 X 10° Nem?/C?)|————5-
electric = ( ) (1.00 x 103 m)2

Foectric = [ 230 x 10722 N

7. N; =4.00x 10°
N,=3.20x10°
g=1.60x10""C
r=1.00x10°m
ke =8.99 x 10° Nem?*/C?

2
F _kea192 _ keNiN»q
electric = 2 = 2

(8.9 x 10” Nem?/C?)(4.00 x 10%)(3.20 x 10°)(1.60 x 10~'? C)?
electric = (1.00 10° m)z

Fylectric = | 295X 107° N

Niq*  (8:99%10° Nem?’/C?)(3.20 x 10°)*(1.60 x 10~ C)?

Fotatric = k -
electric = XC 2 (1.00 x 10° I’l’l)2
—23
Fetectric = | 2.36 X 10 "N
o8 2 2
8. Feetric=2.0x 10N F =k q_z—k qu
N-llL electric = *C r2 e r2

4, =1.60x10""C
ke =8.99 x 10° Nem?%/C?

keN%q,2 (899 x 10° Nem?/C?)(111)%(1.60 x 10717 C)?
T 20x 105N

E electric

9.49=1.00C
Feectric=448 m X 10N
ke =8.99 x 10° Nem?%/C?

2 9 2,2 2
q [(8.99 x 10° Nem?/C?)(1.0 C)
=k = =448
' \/LFelm,-c \ 4.48x 10°N

10. Foperic=1.18 x 1071 N
q;=5.00%10"C
4> =—-250x10"C
ke =8.99 x 10° Nem?%/C?

91492
Felectric = k¢ 2

\/ ke [(8.99x10° Nem?/C?)(5.00 x 10~ C)(2.50 x 10~° C)
r= =

—11
Felectric L.18x 10 N

r=197.6m

L=rcos 8= (97.6 m)cos 45° =

Il Ch. 16-2 Holt Physics Solution Manual
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Additional Practice B

Givens Solutions
1.4,=280x107C 919>
F=kc—>5~
;

4 =—6.40x107° C
(8.99 x 10° Nem?/C?)(2.80 x 107> C)(6.40 X 10> C)

_ -2 -1
g3 =4.80x 1072 C Fpo= 5z m)? =2.02x10"'N
7'1’3 =9740 m
(8.99 x 10° Nem?/C?)(2.80 x 10~ C)(4.80 X 107> C) 5
r1,=2892m Fis3= - =127%x 102N
’ ’ (9740 m)

ke =8.99 x 10° Nem?/C?
Fip=Fpo+F 3= —(2.02x 107" N) +(1.27x 1072 N) =—0.189 N

Fitot= | 0.189 N downward |

2.4,=20x107C 919>
F: kc—z
4 =3.0x10"C r . ) B .
o b (899x10°Nem*/C?)(2.0x 10 C)(3.0x107°C) 10N
= 3 = =22x%
13 =40x10C 12 (5.00 X 102 m)>
—9
=55%x107C ) )
o (8.99 % 10° Nem?/C?)(2.0x 107 C) (4.0 x 107 C) »
r1,2=5.00><102m Fi3= (1.00><103 m)2 =72%x10*N
— 3
71,5 =1.00107m (8.99 x 10° Nem%/C?)(2.0 X 107° C)(5.5 x 10 C) _14
r.4=1.747 x10° m 147 (1747 10° m)? =32x10*N
kc=8.99 % 10° Nem?/C? Fryr=Fio+Fi3+Fg=22x1007 N)+(7.2x 107 N) + (3.2 x 1071 N)

Ftor = |32 X% 10713 N down the rope

3. w=7.00x10"2m q192
F= kc—2
L=248x10"'m r

q=1.0><10_9C F,=F;+ Fy(cos 8)=F;+ F,

2 2
w+L
ke =8.99 x 10° Nem?%/C? X L
_ 2
Fe=kcq (FJF (w2+L2)3/2>
5 1 248x107'm
——+
T 2a8x 10 m)? | [(7.00x 102 m)? + (2.48 x 10! m)2]3/2)

F, = (8.99 x 10° Nem?/C?)(1.0 x 10~ C)*(30.8/m?) =2.8 x 107/ N

F)’:F3 +F2(Sil’l 0) :F3 +F2
w2+ I?

F —k ZLJ'_#
y =Kcq w2 (Wit D)

- o 1 7.00 X 102 m
= +
y = ked [(7.00x 102 m)? * [(7.00% 107 m)” + (248 x 10~ m)’] "

F, = (8.99x 10" Nem?/C*)(1.0 x 10~* C)*(2.00 x 10°/m*) = 1.8 x 10 ° N
Fret=y/E2+F2=/(28x 107 N)> + (1.8 x 107° N)?
For=18x10"°N

F 1.8x107°N
0’ =tan 2| =tan™" —— =81°
F 2.8% 1077 N

X,

Fhet = | 1.8 x 107° N, 81° above the positive x-axis

Section Two—Problem Workbook Solutions Il Ch. 16-3



Givens

4.1=107m
w=28.7m
q;=-12x10"°C
4 =56%x10"C
q3=2.8x10"°C
q4=84x107C
ke =8.99 x 10° Nem?/C?

Solutions

F=ke ‘h;]z
r
F, = F,+ F5(cos 0)

F)/ = F2 + F3(sin 9)

_ 4 q5L
Fy = quI(E + 2+ Wz)a/z)

B o 2,2 & [(84x10°C)  (2.8x107°C)(10.7 m)
F, = (8.99 x 10° Nem?/C?)(1.2 x 10 C)((IOW 07 T (57w

F,=9.1x10°N

_ 92 qazw
Fy—qul(ﬁJr (L2+w2)3/2>

-9 -9
6x1 28x107°C)(8.7
Fy:(8.99><109N-m2/C2)(1.2><10_8C)/(56X o, ( )(8.7 m) )

\ (8.7 m)? [(10.7 m)? + (8.7 m)?]>2
F,=9.0x107°N

Fret=yE2+E2 =4/(9.1x10°N)? +(9.0x 10 N)> = 1.28 X 10 N

4fF [9.0x107°N
0’ =tan'[Z|=tan 17_9 =45°
F, 9.1x 1077 N)

Fret = | 1.28 X 107 N, 45° above the positive x-axis

5.d=12x10"m
q;=1.6x1072C
4y =24%x107°C
q3=-32x107C
qy=—40x107C
ke =8.99 x 10° Nem?*/C?

45°
F, =—F, + F(cos 45°) = kcql(— 1, 45(c0s45) ))

Ax? FE

24%x10°C  (3.2%107° C)(cos 450)\
—+
(8.5 x 10% m)?2 (1.2 % 10° m)? /

F, = (8.99x 10° Nem?%/C?)(1.6 x 1072 C)| —

F,=—024N

in 45°
44 N q3(sin )

F,=—F, — F5(sin 45°) = k —
y = —F4 = F3( ) =kca; A2 7

40%x107°C  (3.2% 1072 C)(sin 45°)
e — +
(8.5x 10> m)? (1.2 % 10> m)?

F,=—(8.99 x 10’ Nem*/C?)(1.60 X 10> C)

F,=-10N

Fret=\E2 +F2=4/(024N)>+ (LON)> = LON

E 1LON
6’ =tan”'[Z|=tan™! (LON) =77°
F, (0.24N)

Fret = | 1.0 N, 77° below the negative x-axis |

Il Ch. 16-4 Holt Physics Solution Manual
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Givens

228.930 % 10°
6. =" "M _
3

7.631 x10* m
q;=88x107C
g =-24%x107C
q3=40x10"C
ke =8.99 x 10° Nem?/C?

6=160.0°

Additional Practice C

Solutions

_ keqi9z

rZ

F, = F, — F5(cos 60.0°)

F

F,= F5(sin 60.0°)

q> qs(cos 60.0"))

F,= kcfh(? - 7

24%107°C (4.0 x 107 C)(cos 60.0°)

F, =(8.99x 10° Nem?/C?)(8.8 x 10~ C)(

F,=55x10"8N

_ kcqpq3(sin 60.0°)
Fy - 2
(8.99 x 10° Nem?/C?)(8.8 x 107 C)(4.0 x 10~ C)(sin 60.0°)
M (7.631 x 10* m)?

F,=-47x10""N

Fret=E +EF2 =/(55x 108 N2 + (4.7 1077 N)? =4.7x 1077 N

4[F [47x1077 N
0’ =tan || =tan 1—_18 =83°
F. 55%x107°N

X,

Foet = | 4.7 x 10718 N, 83° below the positive x-axis

(7631x10*m)>  (7.631x10% m)?

1.49;=25x107°C
g3=1.0x107°C
1’2)1 =5.33m

Vi] =1.90 m

7'3,22 72’1—7'3’12 533m—-190m=343m

4341 4342
F;,= F3,=k = ko|—=
BT C((r3,1)2> C((’3,2)2)
_ 32 2
2= 491
31

_ 3.43 m\? =
0= (250x 107 C) (me) - [8.15x107°C

m

2.4,=75%x107%C
g3=1.0x107*C
15,1 =6.00 x 10% km

1’3)1 =24km

r32= T2~ 73;= 6.00 x 10’ km 24 km= 576 km

Fy, = Fj,= kc( 9391 ): kc( 4392 )

(1’3,1)2 (7’3,2)2
2= q91=

31

B 2 (576 km|?
qQr= (7.5)(10 C) (W =

m

Section Two—Problem Workbook Solutions
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3. mp=6.0x10"kg
my, =7.3%x10% kg
G =6.673x 107" Nem?/kg’
ke =8.99 x 10° Nem?%/C?

Solutions

F, 7= Felectric

Gmgm,, kcq2

r r

S

2

q=

&
3

8.99 x 10° Nem?%/C2

g=|57x10"C

Gmgm,, \/(6.673>< 107" Nem?/kg?) (6.0 x 10** kg)(7.3 x 10% kg)

4. m=17.23kg
r =0.800 m
Fp=167.6N
g =9.81 m/s*
ke =8.99 x 10° Nem?/C?

Foer = Fg = Felectric
keq?
Frer=mg— 2
B
2
r (mg - Fnet)
q = e —
ke

/(0.800 m)?[(17.23 kg)(9.81 m/s?) — (167.6 N)]
8.99 X 10° Nem?/C?

q:

I<

q=[1.0x10"C

5. m; =9.00 kg
m, =8.00 kg
r=1.00 m
ke =8.99 % 10° Nem?/C?
g=9.81 m/s’

Fg,l = Fg,z + Felectric

k 2
glm; —my) = i—g

_ [er*(m; — my) _ 081 m/s?)(1.00 m)(9.00 kg — 8.00 kg)
LRV 8.99 x 10° Nem?/C

q=[330x10"°C

6. m=9.2x10"kg
1;=1.00 m
g=9.81 m/s”

I, =8.00m
r=25m

ke =8.99 x 10° Nem?%/C?

T1=17
kcqzlz
mgly=—=
.
_r2mgl
N kch

[(2.5 m)*(9.2 x 10" kg)(9.81 m/s*)(1.00 m) —
= = . 1
1= (8.99 x 10° Nem?/C2)(8.00 m) 89x10°C

7.q;,=20C
13 =6.0C
q3=4.0C
L=25x%10"m

4193 _ kc424
¢ x2 (L - x)?

L=t (L= 0Var =30,

L ox_ & Lz\/éﬂ
x X 4 X 41

Fiee=0=F;+F

Il Ch. 16-6  Holt Physics Solution Manual
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Givens

8.

q;=55x10"°C
4, =137x10°C
q3=14x10°C
L=87m

Solutions

Frer=0=F;+F,

q193 _ kcq43

¢ 2 (L
41 92

x2 - (L-x)?

(L= =

_ x)2

X492

87 m
L =
x=———= [137x10°C =[34m|
- —— +1
_+1 55)(10 C
q1
9. F=1.00x10°N p o kea19

q;=1.80x10*C
4, =625%x10*C
ke =8.99 x 10° Nem?*/C?

r2

_ fkcqiqz
ro [Rcdi92
F

/(8.99 % 10° Nem?/C?)(1.80 x 10* C)(6.25 x 10* C)

=y

1.00x 108 N

r=[3.18x10°m

10. m =5.00 kg Fy = Felectric
q=4.00x10"2C ke
9 2,2 =T
ke =8.99 X 10° Nem?/C
g=9.81 m/s’ h= kcqz
mg
[(8.99 x 10° Nem?/C?)(4.00 x 1072 C)?
h= =542
v (5.00 kg)(9.81 m/s?)
11. m=1.0x10"7kg keq*
Fres = Felectric = 7
r=1.0m
g=160x107C (8.99 x 10° Nem*/C?)(1.60 x 107*? C)?
res = 2
ke =8.99 x 10° Nem?/C? (1.0m)
12. m=50x10"°kg Foer = Felectric + Fy

g=20x10""C

r=1.00 m

ke =8.99 x 10° Nem?%/C?
G=6.673x 107! Nem?*/kg?

keq®  (8:99x10° Nem?/C*)(2.0 x 1077 C)*

Felectric =
7'2

F. =

(1.00 m)?

Gm®  (6.673x 107" Nem?/kg?)(5.0 x 107° kg)?

g 1’2

(1.00 m)?2

Fop=3.6x10°N+1.7x102'N=|38x10N

Section Two—Problem Workbook Solutions
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Givens Solutions
2
13. m=2.00x10""kg Felectric = Ffriction

=20x10°C ked gz
a 2 = Hymg

g =-8.0x10"°C

r=17m ukz_kcqﬂlz

mgr2

ke =8.99 x 10° Nem?/C?

(8.99 x 10° Nem?/C?)(2.0x 107° C)(8.0x 107° C)
=9.81 m/s’ = =|0.2
g m/s Hi (2.00 x 102 kg)(9.81 m/s2)(1.7 m)>

Additional Practice D

1.r=372m E_kcq
T2
E=0.145N/C r
k k
ko =8.99 % 10° Nem®/C? E = (qu (cos 60.0°) — (L;’)(cos 60.0°) =0 N/C
r r
6 =60.0°
Because E, = 0 N/C, the electric field points directly upward.
B = 2kcq(sin 60.0°)
Yy 2

r

E,r* (0.145 N/C)(3.72 m)? —
q = . = 9 2 2 . o = 129 X 10 C
2kc(sin 60.0°)  (2)(8.99 X 10° Nem*~/C)(sin 60.0°)

2. Ay=190m kcq
E = -
q1=12x10"%C r . e
c4i Cq2\Ax
Ax=120m E,=E; + E)(cos 0) = +
* Ax? (Ax2 +Ay2)\/Ax2 +Ay2
E,=1.60x 1072 N/C
2 2,\3/2
ke = 8.99 x 10° Nem?/C? b=k, - keai\((Ax” +Ay?)
T Ax? /\ kcAx
k 8.99x 10° Nem?/C?)(1.2x 1078 C
B, - <A —[160x 107 NiC—- X )\
Ax (120 m) )

=8.5x 10> N/C

(A2 +AyH¥? [ [(120m)* + (190 m)**"
kcAx  |(8.99x10° Nem?/C?)(120 m)

=1.0x 107 C¥N

4> = (8.5% 107 N/C)(1.0x 10° C¥/N) =

3.4,=180x107°C 2=£(

kc
EneFF(% +q2) r q1 + q2)

g =-120x107C Enet

B 23NCowardey _ frclora)
kc =8.99 X 109 N-rn2/c2 Enet
(899 X 109 N.mz/CZ)[(lgo x 1075 C) T (120 % 1075 C)]
- 22.3 N/C toward ¢,

r=]1.10x 10’ m

Il Ch. 16-8 Holt Physics Solution Manual
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Givens

4.d=865m
q;=48x107°C
G=1.6%x10"°8C

Solutions

E,;=E;+E;=0

E1=E2
a__ 9
x2  (d—x)?

(d= v, = x/q5
A+ = v
d/q; (86.5 m)y/4.8x 107° C

) Var+va2) Va8x107C)+/(16x 10 C)

5.9=36%x10°C
L =960 m
w=750m
ke =8.99 x 10° Nem?/C?

kca

1’2

E=

q  keqgw
\/W + 2w+ 12

E,=E; + Ex(sin 0) =

_ 1 w
E, =kcq i (Wit D)

9 2, 2 6 750 m
E, = (8.99 X 10" Nem“/C")(3.6 x 10" C)

(750m)? " 1750 m)” + (960 m)’)”" |

E,=7.1x10N/C
q quL

\/w + LA w2+ 1)

E,=E3;+ E)(cos 0) =

1 L
Ec= qu(P + N L2)3/2)

_ 1 960 m
E, = (8.99x 10° Nem?/C?)(3.6 X 10°° C)

(960m)?  [(750 m)>+ (960 m)] "]

E,=52x10"2N/C

Enet =vE? + B2 =4/(7.1x 102 N/C)? + (5.2 102 N/C)? =8.8 x 1072 N/C

_(E _4[7.1x1072N/C
0' =tan 1(?)=tan 1(—

———|=54°
521072 N/C

X

Epet = | 8.8 x 1072 N/C, 54° above the horizontal |

Section Two—Problem Workbook Solutions Il Ch. 16-9




Givens

6. w=218m
h=50.0m
q=64x10"C
ke =8.99 x 10° Nem?*/C?
qa=492=9
93 =34
94=24

Solutions

VEZ+w? (50,0 m)2 + (218 m)?
r= > = 5 =112m

[ h _1/50.0
0 =tan"'[—|=tan™" o =12.9°
w 218 m

The electric fields of charges on opposite corners of the rectangle cancel to give 2¢q

on the lower left corner and g on the lower right corner.

kcq
g=-¢1

2

kc2 k kcq(cos 6)
s

. (8.99 x 10° Nem?/C?)(6.4 x 10~° C)(cos 12.9°)

" 1z m)? =45% 107 N/C

kc2 k . 3kcq(sin )
E,= (i—zq + %q)(sm 0) :CQT

. (3)(8.99 x 10° Nem?/C?)(6.4 X 1072 C)(sin 12.9°)

—3
=3.1x107° N/C
y (112 m)?

Enet =y/EZ2 + E? =4/(45% 107 N/C)? + (3.1 X 107 N/C)?

Eper=5.5%107° N/C

_fE _1[3.1x107° N/C
6’ = tan”|Z| = tan 1773
4.5x 10 ° N/C

o

X,

Epet= | 5.5 % 107 N/C, 35° above the positive x-axis

Il Ch. 16-10 Holt Physics Solution Manual
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Problem Workbook Solutions

Electrical Energy
and Current

Additional Practice A

Givens

1. r=48x10"*m
q=2.9%10"°C

Solutions

-9
q o 5 5 f29x107C T
AV = ke =(8.99 x 10° Nem?%/C?)|——————| =[54x10"V
ct= >(2,8Xl0-4m

2. g=-16x10"C
APE jogric = 3.3 1071 ]
d=3.5cm

APEjotyic =—qEd

Rearrange to solve for E.

£ APEdearic _ 33x107°]

“qd  —(-1.6x10°C)(0.035m)

N
5.9%10°—
C

3. APE,jpupyic =3.1x 10712

a. AV=-Ed

d=4.7 cm Rearrange to solve for E.

AETRY _AV_ BV N
d  47x102m |00
APE, i

APE jeeyric = 3.1 X 10712 b. AV= = dlecric

q
d=4.7
o Rearrange to solve for g.
AV==73V Y
=t L 222
AV =73V
4. d=9.35m a. APE . vic=—qEd

APE jpeyric=3.17 x 10710
E=1.25%10° N/C

d=9.35m
APE jpepric=3.17 x 10710
E=1.25%10° N/C

Rearrange to solve for q.

_ APEjppric 3.17x1071]
1= B4 (1.25x10° N/C)(9.35 m)
g=|-271x107"C
b. APE1ric=—qEd
Rearrange to solve for g.
_ APEgeic 3.17x 107107
1" T (125x10° N/C)(9.35 m)

g=-271x1071%C

APEjpeic 317 x 10710
AV= electric _ 716] =|-1.17x10°V
-2.71x10°C

q

Section Two—Problem Workbook Solutions
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5. E=1.5x 10°N/C a. go APEdearic | 37X 107°]
d=439m Ed (1.5 x 10 N/C)(439 m)
APE jpepyic =—3.7x 1078 ] g=|5.6x10"1C
E=1.5x10>N/C b. AV=—Ed=—(1.5x 10* N/C)(439 m)

d=439
m AV=|-66x10"V

APE jpgric =—=3.7x 1070 ]

E=1.5%10*N/C c. Use the value for g found in part a.
- -8
d=439m V= APEelectric — -3.7x10 "] = |—6.6 % 104\/
APE joctric = —3.7 X 107 J q 56%x107°C
6. E=6.5x10°N/C AV=-Ed=~(6.5x10*N/C)(7.7x 10" m) =-5.0x 107" V
d=0.077 cm The absolute value gives the magnitude of the potential difference.

sox 1| - [sox 10Ty

-19
7. 9=16x10 ~C a. AV=—FEd=—(383 N/C)(3.75m) =—1.44 x 10° V
d=3.75m
g=1.6x10"C b. AV=-Ed=—(383N/C)(3.75m) =—1.44 x 10° V
E=383N/C AV = APEelectric
d=3.75m q

Rearrange to solve for APE . sic-

APE jpiric = AVg = (~1.44 X 10° V) x (1.6 x 107'° C)

APE jogric= | 2.3 x 10710

8. g=—-48x10"YC Nem vV N
a. V=—— Rearrange to get —=—
d=-0.63 cm C m C
279V/m =279 N/C
E=279V/m
APE,jpetric=—qEd = (4.8 x 1072 C)(279 N/C)(=6.3 X 10> m)
—19 Nem V N
q=-48x10"""C b. V=——; Rearrange to get —=—
C m C
d=-0.63
o 279 V/m =279 N/C
E=279V/m

APE josric=—qEd = (4.8 x 1072 C)(279 N/C)(=6.3 x 10~ m)
APE,jporic=—8.4x 1071 ]

Find the electric potential associated with a charged particle.

PEjoctric —84x107]
V= eectrlcz =18V
—48x10°7¢C

q

Il Ch. 17-2 Holt Physics Solution Manual
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Additional Practice B

Givens

1. AV=3.00x10*V
PEgjectric = 17.1KJ

Solutions

1
PEiectric = EC(AV)Z

- 2P Eelectric
(Av)?

_2(17.1x10%))
T (3.00x 102 V)2

C=|3.80x10"'F

2. PE,jpuric = 1450 ]
AV=10x10*V

1 2
PEjectric = EC(AV)

_ 2P Eelectric
(Av)?

_2(1450))
T (L0x10* V)2

C=[29%x10"F

3. Epe =3.0x10°V/m
d=02x10"m
A =6.7%10° m?
€ =8.85x 10712 C?/Nem?

AV pax = Eypaxd

AV _ Qpax _ Qiax

max —

C gA
d
Emaxd — Qmﬂx
goA
d

Quax = Enax€0A

Qunax = (3.0 x 10° V/m)(8.85 x 102 C*/Nem?)(6.7 x 10°> m?)

4. r=31m
d=10x10"m
Eppax =3.0x10°V/m
£)=8.85x 10712 C*/Nem?

Qprax = CAV,pygy = CEjpya0d
A
d
2
Quax = E0AE 1ax= €9 E 0y

Qunax = (8.85x 10712 CH/Nem?)(7)(3.1 m)*(3.0 x 10° V/m)

C=

Qpax = | 8.0x107*C=0.80 mC

5.P=50x10"°W
Ar=1.0x10""2s
C=022F

1 2
PEelectric = EC(AV)
PE jectric = PAt

PAt = 3C(AV)?

2PAt
AV= [
C

2(5.0 x 101> W)(1.0 x 10712
v \/ ( ) )

(0.22F)

Section Two—Problem Workbook Solutions

Il Ch. 17-3



Givens Solutions

6. A=232%x10"m> bE Q@
B electric =73 ~
d=15x10"2m C
_ SOA
Q=064%x10°C C=7

£ =8.85x10""% C*/Nem?

2

1 Q%

PEiectric = ) oA
0

. (0.64x107°C)*(1.5x 1072 m)
2(8.85x 10712 C2/Nem?2)(2.32 x 10° m?)

-3
PE joctric=11.5%x 10 ]

PEiectric =

7.r=18.0m PE,jpctric = %C(AV)z
AV=575V 2 PEgegric 2331))
PEjecyric=3.31] T AV (575V)?
c C

W (8.85 % 10712 C2/Nem2)(1)(18.0 m)?
a (2.00x 107 F)

d=45x10*m=

8. d,=500%x10"m A €A
AC=Cp-Ci=— -2
dr=030x10"m dr 4
= =12 C2/Nem? 11
£)=8.85x 1072 C2/Nem AC:goA___>
A=120x10"*m? dr d;
c? 1 1
AC= 8.85><10_12—2(1.20><10_4m2)/ —— - —
Nem 1030107 m  5.00x10™ m

AC={33x 1072 F=-3.3 pF|

9. A=98x10°m’ oo EoA
C=020F d
£, =8.85x 1072 C*/Nem? o E0A

C

(8.85 x 10712C%/Nem?)(98 x 10° m?)
(0.20 F)

d=|43%10" m=43 mm

Il Ch. 17-4 Holt Physics Solution Manual
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Givens

10. A=7.0mx12.0m
d=10x10"m
£)=8.85x 10712 C?/Nem?
PE,joetric=1.0]

Solutions

A
a. C= £l
d
oo (8.85 % 1072 C?/Nem?)(7.0 m)(12.0 m)

(1.0x 1072 m)

C=[74x107 F=0.74 iF |

1 2
b. PE i = EC(AV)

= [P
C
[ 2(1.0
Ve (1.07)
(7.4% 1077 F)

AV={16x10°V=16LV|

11. A=44 m’
£ =8.85%x10""% C*/Nem?
Q=25%x10"°C
AV =300V

Additional Practice C

_Q

AV
_(25x10°0)
T (30.0V)

a. C

C=|83x10°F=83nF

b. c= 24
d
= fof
C
. (885% 107'% C?/Nem?)(44 m?)

(8.3%x 1078 F)

d=47%10"m

1
C. PEgjoctric = EQAV

1 _
PEqjectric =5(2.5% 107° C)(30.0 V)

PEelectric =

1.7=3.00x 10> A
At =2.4 min

AQ = IAt

60
AQ = (3.00x 10* A)(2.4 min)( S )
1 min

Section Two—Problem Workbook Solutions
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2. At=7min, 29 s AQ =IAt

60

I1=0.22A . N
(7 min) -

AQ=(0.22 A)

1 min

) +29 s} =(0.22 A)(449 s)

3. Ar=33x10"°s AQ=IAt=rngq
I1=0.88A 1
C q

g=e=1.60x10"

electron (0.88 A)(3.3x 107 %)
n =
(1.60 x 107" C/electron)

n=|1.8x10" electrons

4. At=3.00h ,_AQ
AQ=151x10*C At
~ (151x10%C)
3.60 x 10°
(G.oop)l22 2 S
1h

5.AQ=1.8x10"C e
At =6.0 min At
_ (1.8x10°C)
60
(6.0 min)|—— )
1 min

6. 1=136A AQ
At=—%
Q=4.40x10"C I
(440 10°C)
T (13.6A)

Ar=|324x10*s=9.00h

Additional Practice D

1. AV =440V R AV
1=0.80 A I

(440 V)

T (080 A)

Il Ch. 17-6 Holt Physics Solution Manual
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Givens Solutions

2. AV=9.60V P-4
I[=150A I
(9.60 V)
T (1.50A)

3. AV=312V ;- AQ
AQ=28x%10"C At
At=1.00h R_AV_ AV AVAt
I AQ AQ
At
3.60 x 10°
(312 V)(1.00 h)| 2222 8
1h
R =
(2.8%x10°C)

4. =38A AV =1IR

R=0.64Q AV = (3.8 A)(0.64 Q)

3. R=0300 AV=IR=(2.4%10°A)(0.30 Q) =[7.2x 10>V

I1=24%10°A
6. AV=3.0V [—AV
R=16Q R
_(3.0V)
(16 Q)

7. AV=6.00x 10’V AV (6.00%x10°V) 5
[=—=—1"—— "~ =-1.4>< 10> A
R=44Q R (4.4 Q)

Additional Practice E

1. P=12x10°W P=I’R

R=25%10"Q _\f)
R

- [(12x10° W)

TV (25%x102Q)

Section Two—Problem Workbook Solutions
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2. P=336x10°W
AV =4.40%x10°V

Solutions

P=IAV

P
I=—
AV

(336X 10°W)
(4.40 X 102 V)

3. P=850 W P=IAV
V=120V P
TAV
_850W
120V
I1=[70.8 A
42%10" AV)?
4.p= 73] p= &Y
1.1x10°h R
R =40.0Q AV =+/PR

e

AV=65%10°V

1.1x10>h /\3600s

10
42%10 I)( 1h )(40.0 Q)

5. P=60x10°W
AV =8.0x%10°V

po AV
R

AV
T op

R

~(8.0x 10°V)?
T (6.0x101° W)

R=|11Q

6. 1=640x10°A
AV=470x10°V

P=IAV
P =(6.40x 10° A)(4.70 x 10> V)

P={3.01x10" W =30.1 MW |

Il Ch. 17-8 Holt Physics Solution Manual
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Additional Practice F

Givens Solutions
1.9, =-120x107°C

a1 Ve kg By 22| o g | T 2

4 =—68.0x107° C oo rp (d=r)

V=-253V V. oa, @

r;=160m ke o (d=rp)

ry=d—r; N d= q2 +r

ke=8.99 x 10° — V_a

ke 1
e ~68.0x 107 C o

[ 253V (-120x 107 0)| '
1899  10° Nem?/C? 160m |

d=33.0m+16.0 m=

2.4,=18.0x107C
& Vokeyd o kc<@+@)
r

7, =92.0x107°C o
V=533V Ve k1 +@)
rp=d—r; —rnn
d=975m Y\ _ (dira+ q2d = gor)
N' kC (d— 7'2)(7'2)
ke =8.99% 10°
Vi, 14
||+ |—|dr2=(q; — q2)r2 + q2d
ke ke
\%4 vd
(k—)’22+ (611 —q2 —k—>f2 +q,d=0
C c

Solve using the quadratic formula:

. _zu/ VA (4Vgd
q1— 492 ke * q1 — 492 ko ke
T2:
2V
ke

(53.3V)(97.5m)

vd 9 9
G —4@—-—|=18.0x107"C-92.0x10" C—
k 9N‘m2
8.99 X 10 a2

C

q; — 92— — =—-652x10 " C
ke
4Vg,d  4(53.3V)(92.0x 107° C)(97.5 m)

; T =2.13x 10713 C?
ke (8.99 x 10° Nem?/C?)

2V 2(53.3V)

C
_ —9
o (8.99x10° Nem2/cE) [ 1ox10
C . °m )

m

(-652x 107 C) £v/(-652x 10 C)* = (2.13x 1072 C?)
(11.9x 10~ C/m)

ry=

652 =460
ry=—"—"
11.9

Section Two—Problem Workbook Solutions Il Ch. 17-9
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Of the two roots, the one that yields the correct answer is

(652 —460)
rHy=————""
119
3. V=1.0x10°V vord
r=12x10"m r
ko =899 109 SR
C —O- X CZ q - kC
~(1.0x10°V)(12x 102 m)
9 Nem?
8.99x10°—
4. Mp=5.98X% 10% kg ngmm’ty = qQVelectric
2
G=6673x10"11 N—nzn mMgG _ qQgkc
kg r r
Ne
ke =899 10° _ mMG
= —
akc
m=1.0kg .
(1.0 kg)(5.98 x 10°* kg)| 6.673 x 107" ——
q=10C kg
Qg = 3
9 Nem
(1.0 C)8.99 x 10° —
C
_ 30 _ _ _ Mgyndg
5. mg,, =1.97x10°" kg a. Q. = charge of proton cloud = (number of protons)q; = ———
My

mpy = mass of hydrogen

atom =167 x 102 kg _ (197 10 kg)(1.60 x 10717 C)

(1.67 x 107%" kg)

Q,=|1.89x10%C
q> = charge of electron

- -19 m
1.60x 107~ C Q_ = charge of electron cloud = Msunf2

r;=11x10"m "MH

_38
_=|-1.89x10°°C
rp=15x10"m-1.1x Q _

10" m=4.0x10""m

Q+
q1 = charge of proton
=+1.60x 1077 C

Nem?

ke =8.99 x 10° o b. V=kczi:kc<&+&)
T

T >
gNem’|(1.89x10° C  1.89x 107 C
¢ \L1x10"m  40x10°m

V=|-27x10"7V

V=[8.99x%x10

Il Ch. 17-10 Holt Physics Solution Manual
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6. r=r=ry=r3=r4= V= kczq k(fh D2 q3 &1)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

. 2 rp 12 T3 1y
2 2 Ve kcq(1.0 = 3.0 +2.5 + 4.0)
x=292m x2+y2
y=276m 2 >
q=64x10"C ,
m -9
qlzl'Oq B )(64X10 C)(4.5)
V=
q2=—3-0q \/29211’1 2+ 276 m 2
q3=2.5q 5 5
q4=4.0q
Nem? V=13V
ke =8.99x 10°— 13V]
C
7. 91=9:=93=9 q 4 4 45
- V=ke> ==ke|—+—=+=
=72x1072C czr ot
/=16x10"m
Y Veko-L 9,4 \_kal, .,
n=r=o ANTA , (/] 7 1_(1)2
2 2 |37 2
2
2 (£
—1(0.072 C) 1
44—
9Nm V= - 5
kc=8.99 x 10 (16% 10" m) :
V=|21%x10°V
8.9,=q2=q3=9 e kzq w2, 0
=25.0x107°C c rl -
V1=7‘2=/

kcq 1
rs=AJ/2+ /2 V= kcq(—+—+ ):L(1+1+—
AN e AR

N 2
8.99x 10°——- )(25.0 %1070 C)
V= (2.707)

(184 m)

/=184m

Section Two—Problem Workbook Solutions 11 Ch. 17-11



Additional Practice G

Givens

1. P=8.8x10°kW

total cost = $1.0 x 10°

Solutions

total cost of electricity = PAt(cost of energy)

_ total cost of electricity

At =
cost of energy = P(cost of energy)
$0.081/kWeh .
Ao $1.0x 10
"~ (8.8 10° kW)($0.081/kWsh)
2. P=104 kW purchase power

cost of energy =
$0.120/kW ¢h

purchase power = $18 000

energy that can be purchased =
cost of energy

purchase power

- (cost of energy)(P)

$18 000
~ ($0.120/kW sh) (104 kW)

At

At=[1.4%10’h=6.0x 10" days

= PAt

3. At=1.0%x10*h

cost of energy =
$0.086/kWeh

total cost = $23

total cost of electricity = PAt(cost of energy)

pe total cost of electricity

At(cost of energy)

$23
p= (1.0 x 10* h)($0.086 kWeh)

P={2.7x 1072 kW

4. AV=110V

R =80.0 Q (for maximum
power)

At=24h

cost of energy =
$0.086/kW eh

_(Av)?
R

P

total cost of electricity = PAt(cost of energy)

AV)* (At
total cost = % (cost of energy)

total cost =

(110V)*(24 h) [ $0.086 | 1kwW
(80.0€)  |1kweh/{1000 W

total cost =

5. 15.5 percent of solar energy
converted to electricity

cost of energy =
$0.080/kW eh

purchase power = $1000.00

urchase power
(0.155) Eyypy = Tr 1€ POWET
cost of energy

‘ ($1000.00)
solar = (0,155)($0.080/kW ¢h)

Eqolar = | 8.1x 10* kWeh=2.9x 10" ]

Il Ch. 17-12 Holt Physics Solution Manual
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Problem Workbook Solutions

Circuits and
Circuit Elements

Additional Practice A

Givens Solutions
1. R=160kQ Rey =R;+ R, + R; =2.0R+3.0R+7.5R=12.5R
R;=2.0R Ry = (12.5)(160 k) = | 2.0 x 10° kQ
R2:3.0R
R3:7.5R
8 1 2 1
2. R=5.0x10"Q Reyg=Rj+Ry+ R3=5R+ZR+3R
1
R;=3R 35430+ 21 86 86 0 5
Ry=—r % R=—R=—(50x10°Q)=|4.1x10°Q
) “ 105 105 105( )
RZZ;R
R;=:R
3. Ry=16kQ Ry=Ryy— Ry~ Ry~ Ry=82kQ - 16 kQ - 22kQ - 32kQ = 12 k2
R2=22k§2
R3:32kQ
Ry, =82kQ
4. R,=3.0kQ Roy =Ry +Ry+R5 =3.0kQ+4.0 kQ +5.0 kQ = 12.0 kQ
R, =4.0kQ oo (AV)?
R; =5.0kQ R
_ _ 4 4 _ 4
P = (0.0100)(3.2 MW) = AV =[PR,, =+/(3.2x 10* W)(1.20x 10* Q) = | 2.0 x 10* V
0.032 MW

5.R,=45Q R =R;+R,=45Q+40Q=85Q]
R;=4.0Q R;3=R; +R3=45Q+16.0Q=|20.5Q
R;=16.0Q
3 Ry3=R,+R3=4.0Q+16.0Q=|20.0Q

6. R;=2.20x 10> Q Because the current is unchanged, the following relationship can be written.
2
AV;=1.20x10°V \QZ Vs
AV;=138V Ry Rj+R;

R.— ViR — ViR; (138 V)(220 Q) — (120 V)(220 Q)
? v, 120V

30400 VeQ—26400V+Q 4000 VeQ2

[zl
120V 120V

2

Section Two—Problem Workbook Solutions 1l Ch. 18-1



Givens Solutions

7. R;=3.6x107°Q Ry=R;+R;=36x10°Q+84x10°Q=44%x10"Q
—6
Ry=84x107"Q P=I’R,, = (280 A)*(4.4x 107° Q) =
I1=280A

Additional Practice B

1.R,=1.8Q 1 1 1
Ryg=|—+—+
R2=5.0Q

-1 1 1 1 \!
= + +
1.8Q 50Q 32Q

R;=32Q 1 1 1\ 1\
R,,=10.55—+0.20 —+0.031 —| =078 —| =|1.3Q
{05 w00 groom g o

R RzR_s

2. R=450Q 1 1 1\t 1 1 1\
Ry=|—+—+—| = + +
R,=R R, R, R; 450Q  900Q  220Q
R2=2.0R 1 1 1 -1 1 -1 5
R,; =(0.0022 — +0.0011 — +0.0045 —| ={0.0078 —| =[1.3x10*Q
R3=0.50R “ ( Q Q Q Q
3. R;=2.48x1072Q e[ L 2 -1 1 2 -1
Ry =6.00% 107 Ry R le00x107Q  248x1070Q

1 1\! 1\!
R,=[167 — —80.6 —| =(86— :-0.0129

4.R,=R (1 11 1)1 (1 11 1 )1
Ry=|—+—+—+—| =l=+—+—=+—
R,=3R R, R, R; Ry R 3R 7R 1IR

R;=7R R _/231+77+33+21\—1_(362)—‘_<1.57)—1
eq — - =\ 5
R,=1IR \ 231R | \231R R
_ -2 )
Ry =638x107°Q R=1.57R,=1.57(6.38 x 107~ Q) = 0.100 Q
5. ratio=1.22 x 1072 Q/m a. R=(ratio)(/) = (1.22x 107 Q/m)(1.813 x 10° m) = | 2.21 x 10* Q
/=1813 km
1 1 1 1\t (2 4 5 20\
R1=%R b. Ryy=|—+—+—+—| =|-+-+—-+—
R, R, R; Ry R R R R
RZZZR
1 R, =|2 e °1 e 3.23%x108Q
R3=3R “7\ R 1.00x 1010Q :
1
R4_%R
6. AV=144V b (V)
P=225W R

(AV)? (14.4V)?
R= =——=10.922Q
=

477 R 0922Q
R| 4

Ry =

=0.230 Q

AV 144V
I=—= =|62.6 A
R, m0n 264

Il Ch. 18-2  Holt Physics Solution Manual
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Givens Solutions

7. L=322%10"km 1 L _
Reg=Ni— where N ==and R = (ratio)/
/=1.00%10° km R /
ratio=1.0 X 1072 Q/m R :{ L 71:[ 322x10°m 71:319
AV =150V @ [(ratio)/?] [ (1.0x 107 Q/m)(1.00 x 10° m)?

AV 150V

eq

Additional Practice C

1. R;=6.60x10*Q Rp;=R; + R, =660 Q+ 240 Q =900 Q
R, =2.40x10>Q 11\t 1 1 )—1
Rppz=|m>—t+—| =|—=+
R3;=2.00x10>Q R, Rj 900 Q2 200 Q
= 2 1 1\ 1\
Ry=2.00x10"Q Ry3=[0.00111 — +0.00500 —| =[0.00611—| =164Q
Q Q Q
Req:R123+R4:164Q+ZOOQ: 364Q
2. AV=24V R, =R, +R,=2.0Q+40Q=6.0Q
R1:2.OQ 1 1 -1 1 1 -1
Ryy=|—+—| =|——+—=
R,=40Q R; Ry 60Q 30Q
R3:6.0Q 1 1 -1 1 -1
Rz =[0.17 =+033 —| =(050—| =2.0Q
R;=3.0Q Q Q Q
1 1\t 1 1\t
Ry=\|7—""+—| =|l—7+-—x
R;> Ry 60Q 20Q
1 1\ 1\!
Reg={0.17 = +0.50 —| =[0.67 —| =15Q
Q Q Q
AV 24V
I=—="1o]16A
3.R;=25Q R, =R;+R,=25Q+35Q=6.0Q
R,=3.5Q 1 1\t 1 1\
’ Ripz=|=—+—| =|l—x+7—2
= 1 1\ 1\
Ry=4.0Q R123=(0.17§+0.33§) =(0.50§) =20Q
R5:1.0Q
_ 1 1\ 1 1\
AV=12V Rys=|—+—| = i
R; Rs 40Q 1.0Q

Rys=

1 1\7! 1\!
025—+10—| =[12=| =0.83Q
Q Q Q

Req :R123+R45:2.0Q+0.8?)Q:

AV 12V
I==—= =

=——=43A
R 28Q

Section Two—Problem Workbook Solutions 1l Ch. 18-3



Givens Solutions

4. AV=1.00x10°V

11\t 1 1\t
Rpy=|l—+—| =|l—+——
R;=15Q R; R, 15Q 3.0Q
R, =3.0Q 1 1\-! 1\-!
R;>=[0.67—=+0.33—| =(1.00—| =1.00Q
R;=1.0Q Q Q Q

Ry =Ri;+R3=1.00Q +1.0Q =
(AV)?  (1.00 x 10> V)? =
P= = =|5.0x10"W
- 00

eq

5. AV=2.00x10"V AV 2.00x10°V o
Req == g .~ 20x10°° Q
I 1.0x10°%A

I=10x10°%A
RI:r R12:R1+R2:1‘+3T=41‘
R, =3r Rs34y=R3+ Ry=2r +4r=06r

= 1 A S A
R3 2r Req: i B P
R4=4r R]Z R34 4r 61

R 342\ 5\ 12
= =|— = —7
T\ 127 12r 5

5 5 1 10
r=—R,,=—(2.0x10" Q)=[83x10"Q
SRy = )=[83x10° 0]

6. P=6.0%x10°W (AV)>  (220V)? =
R= = =[8.1x10 " Q
Tt e

AV =220V
RIZ = R45 =2R = 2(0081 Q) =0.16 Q

1 1 1\! 1 1 1\
Rppsgs =|m>—+—+—| = + +
R R; Ry 0.16Q 0.081Q 0.16Q

1 1 1\ 1\!
R12345 =(6.2 5 +12 5 +6.2 a =24 5 =0.042 Q

Reg = Ry2345 + Rg=0.042 Q +0.081 Q=0.123 Q
(AV)? (220 V)? =

P= = —[39x10°W
R, " om0 3.9%10° W]

Additional Practice D

1. R=81x107Q a poAV_ 220V
R,y =0.123 Q Ry 0.123Q

AV =220V AV12345:IR12345:(1800A)(0042 Q):76V

Ri;=Ry5=0.16 Q AV =AV)y3y5 =

R12345 =004ZQ AV3 76V 2
L=—=—————=[94X%X10"A
3 R; 8.1x1072Q

=1800 A

Il Ch. 18-4  Holt Physics Solutions Manual
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Givens Solutions
b. AV]Z = AV12345 = 76 V
AV, 76V
112:—12: =48X102A
R, 0.16Q
L=1I,=[48x10*A
AV, =DR, = (4.8 10> A)(8.1x 1072 Q) =
€. Same as part b:
I,=]48%x10%A
2. AV=12V a. AV =IR;5=(43A)(0.83Q)=3.6V
R=250Q AV =AV,5=
R;=3.0Q
AVs 36V
R,=40Q I5:R_5:1.OQ:
R5 = 1.0 Q
b. AV 5;=1IR;5; = (43A)(2.0Q)=8.6V
R12 —6.00 123 123 ( )( )
R123 — 20 Q AVIZ = AV123 = 86 V
B AV, 8.6V
Ry5=0.83Q L=I,=—"22="""=114A
R, 60Q
Ry =2.8Q
s AV =R = (14 A)(2.5Q) =

C. 145=I=4.3A

AV45 = 145R45 = (43 A)(083 Q) =36V

Vy=AVys =

AV,

4=

Ry

%’w

o

o<
Il
o
o
S
<

d. AV;=AV,5; =[86V]

AV
L=—3=

R3

8.6V

——=[29A
3.0Q

Section Two—Problem Workbook Solutions
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Givens

3.R,=15Q

R,=3.0Q
R;=2.0Q
R;=5.0Q
Rs=7.0Q
Rg=3.0Q
R,=3.0x10'Q
AV=2.00%10"V

Solutions
R23:R2+R3 :3OQ+ZOQ:5OQ

Rpz4 =

1 1)1 1 1 \!
—_ =|— 4 —
Ry; Ry 500 5.0Q

Rpz4 =

1 -1
0.40—) =25Q
Q

R56:R5+R6:7.OQ+3.OQ:IO.OQ
. R Lt !
%7 "\Rss R, 100Q  30Q

1 1\! 1\!
Rs67=(0.100 — +0.033 —| =(0.133 —| =7.52Q
Q Q Q

Req:R1+R234+R567:ISQ+2.5Q+7.SZQZZSQ

AV 2.00x10°V
Ry 25Q
AVy34=IRy3 = (80 A)(2.5 Q) = 2.0 x 10>V

AV, =AV,3,=2.0x 10>V

AV, 200V :
L=—2=""=l40x10'A
1= 50 - 40x10A

a. ] =80A

b. AV23 :AV234 =200V

AVy; 200V
Ry 50Q

I;=1;=40x10'A
AV3=1I3R; = (40 A)(2.0 Q) =|8.0x 10' V

123: :40A

C. 1567:IZSOA
V557 = 1567R567 = (80 A)(752 Q) =600V
AV56 = AV567 = 600 \%

L _AVs_ 600V _
T Ry 100Q

Is=1I55=[6.0x10" A
AVs = IsRs = (60 A)(7.0 Q) =

d. AV, =AVs,=[6.0x10°V
AV, 600V :
I =—f=—=|20%x10"A
=" 00

Il Ch. 18-6 Holt Physics Solutions Manual
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Problem Workbook

Additional Practice A

Solutions

Magnetism

Givens

1.B=45T
v =7.5%10°m/s
g=e=160x10""C
m, =9.109 x 10! kg

Solutions

Frnagnetic = qvB

Fonagnetic = (1.60 x 107% C)(7.5 x 10° m/s) (45 T)

Fonagnetic = |54 x 107" N

2. g=12x107°C
v =450 km/h
B=24T

Frnagneric = qvB

1h \[10°
Fpnagnetic = (12107 C)(450 km/h) ( ) ( m

3600s/| 1 km
—6
qugnetic =|3.6x10 "N

(247T)

3. v =350 km/h
g=3.6x10"°C
B=7.0x107°T
6 =30.0°

Fmagnetic = qUB = q[v (sin 9)]B

3600s/| 1km

1h (10
Fonagneric = (3.6 X 107 C)(350 km/h)( ) ( m) (sin 30.0°)(7.0 X 107 T)

Fonagnetic = | 1.2x 107N

4. v =2.60 x 10> km/h
Frnagnetic =3.0x 1077 N
g=1.60x10""C

Frnagneric = qvB
F magnetic

qv

B=

(3.0x 1077 N)
B=

3
(1.60x10‘19C)(2.60x102km/h)( 1h )(10 m)

3600s/| 1 km

Section Two—Problem Workbook Solutions
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Givens

5.9=160x10""C
v =60.0 km/h
—22
Fonagnetic = 2.0 X 10722 N

Solutions

Frnagnetic = qvB

F magnetic

qu

B =

(2.0x1072*N)

3
(1.60><1019C)(60.0km/h)( Lh )(10 m)

3600/ | 1 km
B=[75%x10"T

B=

6. 7=88x10"°C
B=032T
Fonagnetic =1.25x 10 °N

Frnagnetic = quB
_ Fragneric
qB
(1.25x 107°N)
"7 (88% 107 C)(0.32T)

v=|44m/s =160 km/h |

7. 9=1.60x10""C
B=64T

Fonagnetic =276 X 10" N

a. qugnetic =quB
_ Fmagnetic
qB
(2.76 x 10710 N)
Y 160x107°C) (6.4 T)

v=]2.7x10>m/s=9.7 x 10* km/h

(vr+v;)
Ax=40%10°m b. Ax= %At
v;=0m/s
2Ax
Vf:270rn/s At=———
(v +v;)
_ 2(40%10°m)
(270 m/s+ 0 m/s)
At=|3.0x10"s
8. B=0.600T

g=1.60x10""C
v =2.00 x 10° m/s

m; =9.98x 10 kg
my=11.6x 10" kg

a. qugnetic =quB

Fonagnetic = (1.60 x 107"% €)(2.00 x 10° m/s)(0.600 T)

Fonagnetic = | 1.92x 107 N

b. F ;= = Fmagnetic
L]
myv
F,= = Fmagnetic
2
mﬂ/z
=
qugnetic
I”l’lzl/2
)=
Fmagnetic

Il Ch. 19-2  Holt Physics Solution Manual
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Givens

Additional Practice B

Solutions

(9.98 x 1077 kg)(2.00 X 10° m/s)*
= (1.92x 104 N)

r;=2.08x102m

(11.6 X 10~%” kg)(2.00 x 10° m/s)*
2= (192 104 N)

r,=242%x102m

ry—r;=|3.40% 107> m=3.4 mm

1. B=225T Finagnetic = BI/

/=12%x10"7m Fonagnetic = (22.5 T)(8.4x 107> A)(12 X 10> m)

_ —2

I=84%x10"A Foagnetic =| 0.23 N

2. /=1066 m Fonagnetic = BI/
-2
Fmagnetic =63x10 "N Fmagnetic
I=0.80 A 7
. (63%x107°N)
(0.80 A)(1066 m)
B=|74x10"T

3./=5376m Fiagnetic = BI/ = [B(sin 6)]1/7

qugnetic =3.IN
I=12A
0=38°

_ Fonagneric
" /(sin 6)
(3.1N)
B = 12 A)(5376 m)(sin 38.0°)

B=[78%x10"T

4./=21.0x10°m
B=6.40%x10""T
Fonagnetic = 1.80 X 107> N

Foagnetic = BI/
Fragnetic
B/
(1.80 X 1072 N)
1= 0% 107 T)(21.0x 10° m)

I=

I=[134A

Section Two—Problem Workbook Solutions
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Givens

5.B=25x1074T
/=45%x10"7m
Frpagnetic =3.6 X107 N

Solutions

Fmagnetic =BI/

Fmagnetic
B/
(3.6x 107/ N)

I=

I =
(2.5% 1074 T)(4.5% 1072 m)

I=[32X1072%A

6. Fyugneric =5.0x 10° N
B=38T
1=2.00x10% A

qugnetic =BI/

/ _ F, magnetic
BI

(5.0% 10° N)
(3.8 T)(2.00 X 10> A)

(-]

7. Fpagneric = 161N

Fmagnetic =BI/

_ -5
B=64%x10"T , Fmagnetic
I=28A BI
y (16.1 N)
T (6.4%x107°T)(2.8A)
/=9.0x10*m
8. B=0.040T Fagnetic = BI/ = [B(sin 6)]1/
I=0.10A
Foagnetic = (0.040 T)(sin 45°)(0.10 A)(0.55 m)
6 =45°

/=55cm = 0.55m

-3
Frnagnetic=| 1.6 X 10° N

Il Ch. 19-4

9.B=38T
/=2.0m
m=75kg
g=9.81 m/s’

qugnetic =Bl
F,=mg
Fmagnetic = Fg
BIY = mg

[ Mg
B/
_ (75kg)(9.81 m/s?)
~ (38T)(2.0m)

Holt Physics Solution Manual
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Givens

10. /=478 x10° m
Fmagnetic =040N
B=750x10"T

Solutions

Fmagnetic =BI/
F

magnetic

B/

I=

(0.40 N)
I=
(7.50 X 10 T)(478 x 10°> m)

I=[1.1x1072A

Section Two—Problem Workbook Solutions

Il Ch. 19-5






Copyright © Holt, Rinehart and Winston. All rights reserved.

Problem Workbook

Additional Practice A

Electromagnetic

Solutions

Induction

Givens Solutions
1. A;=6.04x10° m? A®,; —NA[AB cos 0]
emf =—N =
Ap=3(6.04x10° m?) At At
- -5 —NBcos 0
B=6.0x10"T Af = C(f)s AA
emf=0.80 V em
_ —~NBcos 0
N =1turn Af= cos (A7 - A)
mf
6=0.0°
—(1)(6.0 X 107> T)(cos 0.0°) 5 ol )
At= (6.04x 10° m )(A - 1)
(0.80 V) 27
100.0 AD,; —NA[ABcos 0
2.r= m=50.0m emf =-N—M - [AB cos 6]
At At
B;=0.800 T AB  —N(zr*)(cos 0)(B; — B;)
At=—NAcos @ — =
Bf =0.000T emf emf
6 =0.00° —(1)(7)(50.0 m)*(cos 0.0°)(0.000 T — 0.800 T)
=
emf=46.7V (46.7V)
N =1 turn

3. emf=32.0x10°V
B;=1.00x10°T
Br=0.00T
A=4.00%10"2m?

N =50 turns

6=0.00°

A®); —NA[AB cos 0]
At At

emf =-N

AB —NAcos O(Bf - B))
At=—-NAcos ) — =——"——
emf emf

e —(50)(4.00 X 107> m?)(cos 0.00°)[(0.00 T) — (1.00 X 10° T)]
= (32.0x 10°V)

At=63%107s

4. Ap=32x10"m’
A;=0.0 m?
At=20.0 min
B=4.0x102T
N =300 turns
6=0.0°

A®y; —NA[ABcos 0]
At At

AA —NBcos 0

emf=-N =—NBcos 0 — =
At At

(Ar—A)

~ =(300)(4.0 x 10> T)(cos 0.0°)

mf =
(20.0 min)( 60s )

1 min
emf=|-32%x10°V

[(3.2x 10* m?) — (0.0 m?)]

Section Two—Problem Workbook Solutions
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Givens Solutions

5. B;=8.0x107"°T A®); —NA[ABcos 6]

emf =—N

Br=10B;=8.0x107*T At At

At=3.0%10"2s N —temh)(@An)  ~(emf)(Ar)

A =1.00 m2 Acos 0 AB Acos 6(Bf— B;)

emf=—1.92x 1011V N —(-1.92x 107" V)(3.0 x 1072 5)

0= 0.0° ~ (1.00 m*)(cos 0.0°)[(8.0x 107 T) — (8.0 x 107° T)]
6. B,=050T ®,; —NA[ABcos 0 AB

! emf=—N—=&=—NAcos 00—

Bf=0.00T At At At

N =880 turns A= —(emf)(Ar) _ —(emf) (A1)

Af=12s Ncos 8AB Ncos 6 (B - B;)

emfe 147V - —(147 V)(12's)

e 0.0° "~ (880)(cos 0.0°)(0.00 T — 0.50 T)

Additional Practice B

1. AV, =120V AV,
) a. Irms = T
R=6.0x1072Q
| _(120V)
ﬁ =0.707 T (6.0 1072 Q)

Ls = [2.0x10° A

b. I = (L) \/E

_(20x10°A)
max (0.707)

c. P= (Irms)(AVrms)
P=(2.0x10°A)(120 V)

Il Ch. 20-2 Holt Physics Solution Manual
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2. P =10.0(Acoustic power) P=AV, L
Acoustic power = __ P
30.8x 10°' W T AV s
AV,ps =120.0V I = Ta

rms —
NG
1
ﬁ =0.707 Imax B P
V2 AV
L
max —
AVrms

(10.0)(30.8 X 10° W)
I =
max (120.0 V)(0.707)

Lyax = | 3.63x10° A

Copyright © Holt, Rinehart and Winston. All rights reserved.

3. P=1325x10°W (AV,,.)?
4 P= AVrmsIrms = (Irms)zR = %
AV, p=54%x10*V
I
1 Lims = =
Vap
Lipax = \/E Lps=——
AVTWlS
1.325x 108 W
Tnax =5 4% 10%V)(0.707)
Lyax = | 3.5 % 10° A
2
R (AVy9)
P
_ (5.4x10*V)?
(1.325 x 108 W)
4. AV, =1.024x10°V AVipar = AV, A2
—2
Lins =29%x10 7 A (1.024 x 106V)
AV = —————
1 (0.707)
—=0.707
V2 AV = [ 145X 10°V = 1.45 MV
Linax = Lrms \/E
_(29%1072A)
max (0.707)

Lypax = | 4.1x 1072 A

Section Two—Problem Workbook Solutions Il Ch. 20-3
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5. AV, =320V

Lypax = 0.80 A

=0.707

1
ﬁ

Solutions

AV ax
72

AV, = (320 V)(0.707)

I - Imax
rms \/_
2
Ty = (0.80 A)(0.707)

AVmax — A Vrms

AV =

R =

Imax Irms

oo 320V (30V)
" (0.80A)  (0.57A)

6. [ =75A
R=1480Q

=0.707

1
N

AVinax = Lpax) (R)
I aR
NG

AV, = (75 A) (480 ©)(0.707)

AVyps =

AVppe=|25x 10 V=25kV

7. Py =62%x10"W
P =24P
R=12x10°Q

=0.707

1
N

P
2
PZ(Irms) R= ﬁ

6.2x 107 W
p=—""— 0
24

P=|2.6x10°W=2.6 MW |

P
L = E
o /(2.6 x 10° W)
ms (12%10° Q)

Imux = \/E Irms
_47A

"~ 0.707

max

Il Ch. 20-4 Holt Physics Solution Manual
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Additional Practice C

Givens

1. N; =5600 turns
N, =240 turns
AV,=41%x10°V

Solutions
N;
AV, = AV, [~
N,
5600
AV;=(4.1x10°V) = [—
240

AV, =[9.6x 10* V=96 kV |

2. N; =74 turns N;
AV]IAVZ —_—
N, =403 turns 2
= 74
AV,=650V AV, = (650 V)| —
403
AV;=[120V
3. AV;=2.0x107%V N.
! AV, =AV,;|=2
N; =400 turns 1
- {3600
N, =3600 turns AV, = (20x 10 2V)
400
AV,={0.18V
_ N
AV,=2.0x1072V AV, = AV, |2
N
_ 400
AV; = (20X 1072 V) [—
3600
AV, =|22x107V
4. AV, =765x10°V AV, N,
AV, =540 x 10°V AV N;
- 3 AV
N; =2.8x10° turns N, = 2 N,
_ [540x10°V (28%10%
27 765 %103V

N, =2.0x 10° turns

Section Two—Problem Workbook Solutions
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5. AV, =230x 10’V
AV,=345%10°V

N;=12x 10* turns

Solutions

N, AV,
N; AV,
AV,
N2 :N1 e
AV,
1.[345%x10°V
Ny =(12%x 104
230x 10°V

N, =|1.8x 10" turns

6. P=200W a. P=(AV))(I)
AV, =120V L P _oow
™AV, (120V)
I;=]0.17A
N AV, N.
—1 =036 b.—2=—_2
N, AV, N,
N,
AVZ =\ AV]
N;
1
AV, = | —](120V)
AV, =[33%x10°V
7.AV1:120V P]ZPZ
AV, =220V AV,I; = AV,
I,=30.0A AV,
’ L=(—=2|L
N, =660 turns AV,
220V
1= 2= (30.0A)
120V
N, AV,
N; AV,
AV,
N] :NZ e
AV,
120V
N, = (660)| ——
220V

= [0 ]

Il Ch. 20-6 Holt Physics Solution Manual
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Problem Workbook Solutions

Atomic Physics

Additional Practice A

Givens Solutions

1. E=1.29% 1075 he (663 %1074 Jes)(3.00 x 10° m/s)
1.29%x 1077

C=3.00 x 108 m/s

h=6.63x 1074 Jes A=1.54%10"""m=]0.154 nm

2. E=6.6x10""77 . he  (6.63x107°%Jes)(3.00 x 10® m/s)
=—= —19
C=3.00x 10° m/s E 6.6x107"]

h=6.63% 107 Jes 2=

3. E=592x10°%eV he  (6.63 %1074 7Je5)(3.00 x 10 m/s)

C=3.00 x 10° m/s T E (592x107°eV)(1.60x 1077 J/eV)

h=6.63% 1074 Jes ;,:

4. E=2.18x10"2] E=hf
h=6.63x 1074 Jes f

_218x1077]
6.63 X 1074 Jes

f=3.29%10""Hz

5. E=1.85x102] E 185x107%] o
fem=——————={279% 10" Hz
h 6.63x10*)/s

h=6.63x10"4Tes

6. =9192631770s " E = hf
(6.626 0755 X 1074 Jos)(9 192 631 770 s71)
E —

h=6.6260755% 1074 Jes _
1.602 117 33 x 10719 J/eV

1eV=1.60211733%x 10777

E={3.8019108 x 107 eV

7.4=92cm=92x10"m P
¢=3.00% 108 m/s A
h=6.63x 1074 Jes ~3.00x 10° m/s
92x 1072 m

h=4.14%10"" eVes

f=|3.3% 10° Hz = 330 MHz

E=hf
Section Two—Problem Workbook Solutions Il Ch. 21-1
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E=(6.63%107*7es)(3.3 x 108 Hz)
E={22%x10%]

E=(4.14x 107" eVes)(3.3 x 108 Hz)

E=|14x10"°%eV

8. y=1.80x10"" m/s Ax = vAt
At=1.00 _ 365.25 days\( 24 h \(3600
year Ax = (1.80 x 10”7 m/s)(1.00 year) ays S
A =Ax 1 year lday/\ 1h
c=3.00% 10% m/s Ax=|568x10""m
h=6.63%10"4Tes he  he

E=hf=—=—
f A Ax

(6.63 % 1072*J#3)(3.00 x 10® m/s)
568%x 10 'm

E=|350%107'%7]

Additional Practice B

1. hf, =45V KEpax+ ]l [3.8€V+4.5eV
fi=45e f= K+ ML _ | AV % 107 He
h 4.14x 1077 eVes

KE, 0= 3.8 €V
h=4.14x 1071 eVes

2. hf,=43eV KE, 05 = hf — hf,
KEjqx=3.2¢V f= KEpax + My
h=4.14x10""eVes h

3.2eV+4.3eV
f_

T 414%107° eVes

f=1.8x10" Hz

3.h =2.14eV h
fi.cs ¢ a. KE,,,. = hf — hf,=0.0 eV = 7‘: —hf;

hfLSe =59eV
-15 he
h=4.14%x10" " eVes A=—
5 h:
¢=3.00x 10" m/s X he (4_14><10_15 eV es)(3.00 X 108 m/s)
KE,,,ux = 0.0 eV for both Cs = M = 11V

cases

A= [5.80x 107 m=5.80x 10° nm |

he (4.14 x 107" eVes)(3.00 x 108 m/s)
hfise 5.9eV

b. A, =

Age=|2.1x107 m=2.1x 10> nm

Il Ch. 21-2  Holt Physics Solution Manual
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Givens Solutions

4, 1=2.00x% 10> nm = KEmux:%mgl/zzhf—hf[
2.00% 107 m
5 1 o he
v =6.50 10" m/s SMey” = 7 — hf,

m,=9.109 x 10" kg he 1,
hﬁ:;—gmev

¢=3.00x10% m/s

h=4.14%10""° eVes i (4.14x 10715 eVes)(3.00 x 10% m/s)  (0.5)(9.109 x 107" kg)(6.50 x 10° m/s)?
£ 2.00% 107 m - 1.60 x 107" J/eV

hf,=6.21 eV —1.20 eV

hf,=|5.01eV

T
= = ]121x10"Hz
f 4.14% 107" eVes

5. f=22x10"Hz KEjax = hf — hfy
KE, . =44¢eV hfy = hf = KEpax
h=4.14%10""% eVes hf, = (4.14x 10717 eV es)(2.2 X 10'° Hz) — 4.4 eV

Bf=9.1eV—44eV=|47eV]

o
=— " = |LIx10"Hz
i 414 x 107 P eVes

2
6. 1=2.00 X 10 nm = KE,y0x = hf — hf,
2.00% 107 m )
o
KEypa = 0.46 ¢V e = hf = KEpax = = = KEpnax
—15
h=4.14Xx10""eVes , (4.14 X 107" €V e5)(3.00 x 10% m/s)
= 04
c=3.00% 10® m/s i 2.00x10 m 046 eV
hf;=6.21 eV —-0.46 eV
e
e
= = |14x10"Hz
i 414 x 107 eVes
7. 2=589nm=>589%x 10~ m he
KEmathf_hftZI_hft
hf,=2.3¢eV
_ 8 (4.14 % 107" eV e5)(3.00 x 10% m/s)
¢=3.00x 10" m/s KEyp = 23V

—9
B X
h=4.14%x10"" eVes 589 x 107° m

KE, ;x =2.11eV-23¢eV

No. The photons in the light produced by sodium vapor need 0.2 eV more energy
to liberate photoelectrons from the solid sodium.

Section Two—Problem Workbook Solutions Il Ch. 21-3



Givens Solutions
8. hf,=23eV he
! ; KE,  x :7 - hft
A=410nm=4.1%x10"m
—15 8
_ -15 v7, (4.14 X 1077 e€Ves)(3.00 X 10° m/s)
h=414x10""eVes KE= R —23eV
. m
c=3.00x10% m/s
KE=3.03eV—23eV=
9. hf, 5, =43 eV KEyqx = hf = hf;
hf; pp=4.1eV KE x,pp = hf - hft,Pb = (KEmax,Zn + hft,Zn) - hﬁ‘,Pb
KE oz, zn=0.0 eV KEpax,pb = 51t
— —31 1 2
m,=9.109 X 10" kg M = (KEpax.zn + hfyz0) — hfipp
/Z(KEmax,Zn + hft,Zn - hft,Pb)
V=
\/ e
(2)(0.0eV+4.3eV—4.1eV)\(1.60x 1077
"e 9.109 x 10! kg eV

_\// (2)(0.2¢V) \(1.60x107°]
' |9.109% 107 kg)\ 1V

=]

Additional Practice C

1. 4=671.9 nm E = Eiyitia = Efinat= Einitia1 — E1
Eﬁnu]:EIZOGV E:%C

+0eV

Einitial= (
1m

E; itiai=1.85eV+0eV=|185eV

(6.63x 1072*J05)(3.00 x 10® m/s) | 10° nm eV
671.9 nm 1.60x 1077

The photon is produced by the transition of the electron from the E, energy level
to E 1

2. Ejitiat= E4=524 ¢V E= Eiitiat— Efinar= E4— E;

Eﬁnal: E1 =0eV

Il Ch. 21-4

ke

)

;Fh_cz he
E E,—E

E

A

(6,63 x107>*J+5)(3.00 x 10° m/s) 1eV
524eV-0eV 1.60x 1077 ]

A=[237x107 m=237 nm|

Holt Physics Solution Manual
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3. Eiitiar= E3=4.69 eV E = Ejitial = Efinar= E3— E;
Eﬁnul=E1=OeV _E
A
E hc
E E;-E

e (6.63 x 1074 J+5)(3.00 x 10% m/s) lev
4.69eV-0eV

1.60x 1077

A=|2.65x107 m =265 nm|

4. Ejpjjiar= E;=3.15¢eV E = Einitial = Efinat= E2 - E;
Eﬁnul=E1=OeV _h_C
A
E he
E E,-E

4 [(6:63x1071+5)(3.00 x 10° m/s) 1eV
3.15eV-0eV

1.60 x 1077

A=3.95x107 m =395 nm|

Additional Practice D

1.0=32m/s h 6.63 x 107" Jos -
1230x102m M GOx 102 m) G2 mys) ~ 02X 10 ks
h=6.63x107%]s 2. 1=64x10""m
h
v =64m/s my = z
h=6.63x10"47]s
h
mo L
Av

6.63x 107475

"= (6.4 x 10 m)(64 m/s)

m=1.6x10"> kg

3.9=(2)(1.60x 1077 C) = KE = gAV = tmy?
320x 107 C
2gAV
AV=240V m==03

h=6.63x10"47]s

6.63x 1074 Jes

h
A=44x10"m Y (44x 1073 m)(1.5x 10 P kg)

=1.0x 10° m/s

2(3.20 x 1072 C)(240 V)

m=

(1.0 x 10° m/s)?

m=[15x10" kg

Section Two—Problem Workbook Solutions
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4. 1=25mm=25x10"m h
mv = z
m, =1.675 x 107" kg
h=6.63x107*]s B
Am,

6.63 x 10724 Jes
YT (2.5% 10 m)(1.675 x 107 kg)

v=11.6x 10> m/s

5. m=7.65x10""kg h
muv = E
A=50x10"m
h=6.63x107*]es st
Am
6.63x 1074 Jes
v

T (5.0 x 102 m)(7.65 x 107" kg)

v=1]1.7x 10> m/s

- - -3 h

6. m=16g=1.6x10"kg mu=;
v=38m/s

I =6.63x 1074 ] e

my

6.63 x 1074 Jes
(1.6 x 107 kg)(3.8 m/s)

A={11x10"3"'m

7. Ax=42195m Ax 42195m
v=—=—""—"—""""=[3.10m/s
v .

- in = i 6
At =3h 47 min = 227 min (227 mln)( )
m = 0.080 kg I'min
h=6.63x10"47]s ﬁ:,ny
A
h
A=—
muv

6.63x 10745
~(0.080 kg)(3.10 m/s)

A=[27%x10"m

Il Ch. 21-6  Holt Physics Solution Manual
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Problem Workbook Solutions

Subatomic Physics

Additional Practice A

Givens Solutions
1. E=610 TWsh E (610 x 10° kWeh)(3.6 X 10° J/kW h)
a. Am = 5= 3 B
c (3.00 x 10° m/s)
A 24k
atomic mass of%H = b. n= —mz = —7 &
2.014102 u atomic mass of {H  (1.66 X 107 kg/u)(2.014 102 u)
n=[7.2x10* {H nuclei
. 56 Am 24 kg
atomic mass of 3¢ Fe = c.n= - = —7
55.934 940 u atomic mass of 54 Fe (1.66 x 107" kg/u)(55.934 940 u)
n=|[2.6x10% ggFe nuclei
Am 24 k
atomic mass of 2§S Ra= d. n= S

226,025 402 1 atomic mass of 22gRa (1.6 x 10727 kg/u)(226.025 402 u)

n= | 6.4x 10 %$Ra nuclei

2. m=4.1x10"kg a. E = mgh = (4.1x 10" kg)(9.81 m/s*)(0.100 m)
Z=26
4.0% 107 )(1 x 107 MeV/eV
N =56-26=30 b. E,, = ( X 5 ) =2.5x%10% MeV
(1.60 x 10719 J/eV)

mp =1.007 825 u

2.5x10%° MeV .
m,, = 1.008 665 u Amgyy=—————=27x10"u
931.49 MeV/u

atomic mass of ggFe =

55.934 940 u Am = Z(atomic mass of H) + Nm,, — atomic mass of ggFe

Am =26(1.007 825 u) + 30(1.008 665 u) — 55.934 940 u
Am =0.528 460 u
u

MeV
Eping = (0.528 460 u)| 931.49 ——

Ebind =492.26 MeV

By 25%10° MeV
T Epia | 492.26 MeV

k
My = (5.1 x 1017)(55.934 940 u)(1.66 x 1077 —g) ={4.7%x10%kg
u

=5.1x 10" reactions

Section Two—Problem Workbook Solutions Il Ch. 22-1
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3. E=2.0x10°TWeh= Am = Z(atomic mass of H) + Nm,, — atomic mass of 23§U

2.0% 10> Weh
Am =92(1.007 825 u) + 143(1.008 665 u) — 235.043 924 u=1.915 071 u

MeV

u

atomic mass of 23§U =
235.043 924 u Eping = (1.915 071 u)(931.49

) =1.7839 % 10° MeV = 1.7839 x 10° eV

atomic mass of H =

1.007 825
h Epina = (1.7839 x 10° V) .
€

1.60 x 107 L) =2.85x 107107
m,, = 1.008 665 u

=72x1087

3
_ 3.60 x 10
Z=92 E=(2.0% 1015W-h)(—s)
N=235-92=143

E 7.2x1018] 28 :
- =2.5%10"° reactions

" E. 285x10°10
bind 85107 ]

k
e = (2.5 % 10°%)(235.043 924 u)(1.66 x 1077 —g) =19.8x10 kg

u

4. E=21x10"] Am = Z(atomic mass of H) + Nm,, — atomic mass of léC
atomic mass of '2C = Am =6(1.007 825 u) + 6(1.008 665 u) — 12.000 000 u
12.000 000 u -

Am =9.8940x 10 “u
atomic mass of H= D) MeV
1.007 825 u Epina = (9.8940 X 1072 u)[ 931.49 =92.162 MeV
u

m,, = 1.008 665 u
) Epina = (92.162 % 10° €V)

1.60 x 10‘9%) =147x1071y

Z=6 e
_ _ E 2.1x10"
N=12-6=6 n= = 7111 =1.4 % 10°° reactions
Eping 147 x 10711
7 kg 1
My = (1.4 % 10°°)(12.000 000 u)[ 1.66 x 10727 | = | 2.8 x 10* k
5. P, =39X% 10% /s Am = Z(atomic mass of H) + Nm,, — atomic mass of %He
Z=2 Am = (2)(1.007 825 u) + (2)(1.008 665 1) — 4.002 602 u
N=4-2=2 Am =0.030378 u
. 4 MeV
atomic mass of ;He = E = (0.030 378 )| 931.49 —
4.002 602 u u

. E =28.297 MeV
atomic mass of H= 26 P
1.007 825 u no_ Py 3 (3.9%x 1077 J/s)(1 X 107" MeV/eV)

1.60 x 10719 J/eV)(28.297 MeV
m,, =1.008 665 u At E J/eV)( eV)

n_ 37 .
— =[8.6 X 107" reactions/s
At

6. P=42MW=42x10°W Am = Z(atomic mass of H) + Nm,, — atomic mass of 1‘71N
atomic mass of 3N = Am =7(1.007 825 u) + 7(1.008 665 u) — 14.003 074 u
14.003 074
3074 u Am=0.112356 u
atomic mass of H = MeV
1007 825 u Eping = (0.112 356 u)| 931.49 = 104.66 MeV
u
m,, = 1.008 665 u 6 19 7] 11
Epina = (104.66 X 10° V)| 1.60 x 1071 —| = 1.67x 1071
zZ=7 eV
Nel4—7=7 PAr (42 10°W)(24 h)(3600 s/h) - )
= = 67 x 1011 =2.2 X 107 reactions
At=24h Epina 67x107]

HRW material copyrighted under notice appearing earlier in this book.

=|51x107kg=5.1¢

k
My = (2.2 % 10%%)(14.003 074 u)(1.66 x 10727 —g)
u
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7.P=384x10'W

atomic mass of %C =
12.000 000 u

atomic mass of H =
1.007 825 u

m,, =1.008 665 u
Z=6
N=12-6=6

Additional Practice B

Solutions

Am = Z(atomic mass of H) + Nm,, — atomic mass of léC

Am = 6(1.007 825 u) + 6(1.008 665 u) — 12.000 000 u

Am =9.8940 X 102 u

%
Epina = (9.8940 x 1072 u)(931.49 x 10° e—)(1.60 x 10~

Epipg =147 x 10711 ]
n_ P 384x10'W

At Eppg  147x1071]

m _ _
f =(2.61 x 10'® s71)(12.000 000 u)<1.66 x107%
t

u

=2.61 x 10'8 reactions/s

kg
u

19 )
eV

N EEET

1. 238U+ n>X

X—>932Np+ _(l)e +v

239 239

93Np — 94Pu+ _(l)e +v

mass number of X =238 + 1 =239

atomic number of X =92 + 0 =92 (uranium)

239
X= 92U

The equations are as follows:

BU+bn >0
290 5Np+ e+ 7

2Np - BPut Se+ 7

2. X > Y+3He

Y > Z+5He

Z—23Bi+ Je+v

mass number of Z=212+0=212

atomic number of Z=283—1=82 (lead)

Z=23Pb

mass number of Y=212+4=216

atomic number of Y =82 + 2 =84 (polonium)

Y =2$Po

mass number of X =216+ 4 =220

atomic number of X =84 + 2 =86 (radon)

X=2Rn

The equations are as follows:

zéan - zégPo + %He
218po — 212Pb + 4 He

22pb — 22Bi+ Je+ v

3.X—> lggBa-k _(1)e+ v

mass number of X =135+ 0=135

atomic number of X =56 + (—1) =55 (cesium)

= 13; Cs

122 Cs — 122Ba+ _(l)e +v

Section Two—Problem Workbook Solutions
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4. 23§U + (1)71 - “éé Ba+ mass number of X =235+ 1—-144-89=3
89
36Kr+X atomic number of X =92 +0 — 56 — 36 = 0 (neutron)
X=3 (l)n
ZSQU + (l)n - 1égBa + ggKr + 3(1)71
BU+in—"0%e+Y+ mass number of Y=235+1—140-2=94
1
2on atomic number of Y =92+ 0 — 54 — 0 = 38 (strontium)
Y =3a5r
282U + (l)n - 1%2Xe+ 2§Sr+ 2 (l)n
5. 2ggTh %X+§He+ V4 mass number of X =228 — 4 =224

atomic number X =90 — 2 = 88 (radium)

X=2Ra

228 Th — %4Ra+ 1He + |

6. Ip+5Li—X+3He

mass number of X=1+7—-4=4
atomic number of X=1+ 3 —2 =2 (helium)

X =3He

ip +%Li— 3He +3He

7. 2iIAt > X+ 5He

Additional Practice C

mass number of X =217 —4 =213
atomic number of X =85 — 2 = 83 (bismuth)

X =23Bi

|22t 213Bi+ 3He

1. T]/Z =26 mirl, 43,53 s

1 0.693 0.693
Ty, (26 min)(60 s/min) +43.53 s

5 times the run time = 5 half-lives

percent of sample remaining = (0.5)5(100)

percent decayed = 100 — percent remaining = 100 — (0.5)5( 100) = | 96.875 percent

Il Ch. 22-4  Holt Physics Solution Manual
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Givens

2. Ty, =191 years

decrease = 93.75 percent =
0.9375

Solutions

If 0.9375 of the sample has decayed, 1.0000 — 0.9375 = 0.0625 of the sample remains.
0.0625 = (0.5)4, s0 4 half-lives have passed.

At =4T;,, = (4)(1.91 years) = | 7.64 years

3- TI/Z =119s
N; =1.00 % 10" atoms

Nf =1.25x% 10"? atoms

AN 1.00x 102 -1.25x 10"

=0.875
N; 1.00x 1013

If 0.875 of the sample has decayed, 1.000 — 0.875 = 0.125 of the sample remains.
0.125= (0.5)3, so 3 half-lives have passed.

At=3T;;, = (3)(11.95) =

4. At =4800 years

T/, = 1600 years

Ar 4800 years
T, 1600 years

amount remaining after 377/, = (0.5 =0.125=12.5 percent

= 3 half-lives

5. At =88 years

amount of sample

remaining = % =0.0625

0.0625 = (0.5)4, so 4 half-lives have passed.

88
T = iAt = # =22 years

0.693 0.693
A==

T 2 years

A=|3.2x10"%years ™!

6. At =34 days, 6 h, 26 min

amount of sample

remaining zi =1.95x107

24 h\[60 mi 60 mi

At = (34 days)| — | ) 4 (6 h)| ) + 26 min
day h h

At =4.9346 x 10* min

1.95x 107 = (0.5)9, s0 9 half-lives have passed.

. 4.9346 x 10* min )
Ty =5At= = 5482.9 min
0.693 0693

A= -
T1/2 5482.9 min

A=[126%x10"*min"'=0.182 days_1

7. T=44%x10"%s

1 0.693
— = l =
T T1/2

_ T
0.693

Ty = (0.693)(T) = (0.693) (4.4 x 10722 s) =
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Advanced Topics

Additional Practice A

Appendix | J :

Givens

1. r=10.0 km
AB=+15.0rad

Solutions

As=

rAO= (10.0 km)(15.0 rad) =

The particle moves in the positive, or , direction around the

neutron star’s “north” pole.

2. A6=3(2rrad)
r= 6560 km

As=

A6 = (6560 km)[(3)(27rad)] =

1.40 X 10° km
r:—
2

=7.00x 10* km
AO=1.72rad
rE=6.37 x 10° km

a. As=rA0=(7.00 x 10* km)(1.72 rad) =| 1.20 x 10° km

b. AGE:—:

As (120 10° km)(1 rev/27rad
6.37 x 10° km

)
= | 3.00 rev, or 3.00 orbits

TE

4. AG=225rad
As=1.50 x 10° km

_As_ 1.50x 10° km

fr=—=———={6.67X 103 km
AG 225 rad

5. r=5.8x 10’ km
As=1.5x 108 km

As  1.5x10%km
AG==—"="""""_— —|26rad
r 5.8x10" km -

6. As=-1.79 x 10* km
r=6.37 % 10> km

Additional Practice B

As_ -1.79x10*km

AG=—=

— = |-28lrad
r 6.37x10°km

1.r=182m AO= @y At= (100 X 107" 1ad/s)(60.0 ) = | 6.00 rad
Oy =1.00x 10" rad/s
Af=60.0s As=rA6= (1.82 m)(6.00 rad) =
2. Ar=120s A= @, At= (040 rad/s)(120s) =
Dgyg=0.40 rad/s
3.7r=30.0m AO  As 5.0x10*m
= ==— = =10.14 rad/s
& At rAr (30.0m)(120s)

As=5.0x10>m
At=120s

Section Two—Problem Workbook Solutions
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Givens

4. AO=16rev
At =4.5 min

Solutions

A@ (16 rev)(27x rad/rev)
Wy = — = =10.37
@8 At (4.5 min)(60 s/min)

5. w,,=27rad/24h

A8  0.262rad
A== = 2222 T ooh
AO=0.262 rad Wayg 2mrad
24h
6. 7=2.00m AO  As 1.70x 10° m .
At=—=2 =[1.44x10*s=4.00h

As =1.70 x 10> km

0yyg =5.90 rad/s

Additional Practice C

Oug  TOpg  (2.00m)(5.90 rads)

1. 0, =2.0 rad/s* Ar w, —
w; =0rad/s Qayg
@, =9.4rad/s _ 9.4 rad/s — 0.0 rad/s
2.0 rad/s?
2. At;=9.83h A6 2mrad 4
o=—=—— " _178x10 *rad/s
atll/g =_30X% 10_8 rad/sz At] (983 h)(3600 S/h)
—4
w,=0rad/s Afe W= 0 _ 0.00 rad/s — 1.78 X 10™ " rad/s

Olarg ~3.0x 107® rad/s”

At=|59%10s

3. w;=2.00rad/s
w, =3.15rad/s
At=3.6s

@, —@; 3.15rad/s—2.00rad/s 1.15rad/s
At 3.6 365

Qg =

Oy =10.32 rad/s”

4. w; =8.0rad/s
Wy = 3601 =24 rad/s

At=25s

@, — @; 24rad/s—8.0rad/s 16rad/s
At 25s 25s

Clayg =

Qg = | 0.64 rad/s

5. At; =365 days

A6 2rrad
! =1.99x 10~ rad/s

w=—=

AG, = 271ad " At, (365 days)(24 h/day)(3600 s/h)

Olayg=6.05 X 10713 rad/s? W= 0;+ am,gAtzz 1.99 % 107 rad/s + (6.05 x 10713 rad/sz)(IZ.O days)

(24 h/day)(3600 s/h)

At,=12.0 days

wy=1.99 X 107 rad/s + 6.27 x 107/ rad/s = | 8.26 X 10~ rad/s
6. w; = 0 rad/s w0y — g

Qg = At

Oty = 0.800 rad/s”
At=8.40s

0 = O) + Oyt

@, =0 rad/s + (0.800 rad/s>)(8.40 s)

Appendix J-2  Holt Physics Solution Manual
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Additional Practice D

Givens

1. w;=5.0rad/s
o =0.60 rad/s®
At =0.50 min

Solutions

0f = 0; + At
®r=5.0 rad/s + (0.60 rad/sz)(O.SO min)(60.0 s/min)
@F=5.0 rad/s + 18 rad/s

2. a=1.0x 10" rad/s

2rrad \(1dayll 1h 6
w; = =2.66x 107" rad/s
27.3 days)\ 24 h /\3600 s

At=12h
o = 2% rad of = ; + oAt =2.66 x 10~ rad/s + (1.0 x 10" rad/s>) (12 h)(3600 s/h)
" 27.3 days 6 6 c
OF=2.66X10" rad/s+4.3x 10 "rad/s=|7.0x 10~ rad/s
43 A
3. r= m AG= 2
2mrad r
20A

@;=0rad/s 0} = 0 +2000= 0} + ==
As=160 m

o=5.00% 107 rad/s’

(2)(5.00 X 1072 rad/s?)(160 m)

43 m
2mrad

2 20As
a)f: [0 +T=

(0 rad/s)2 +

4. As=52.5m As
AG=—
a=-3.2x107" rad/s® r
_ 20As
a)f—0.0SO rad/s a)fzzw,'2+205A6:w,-2+
r=8.0cm r
, 20As ,  (2)(=3.2x 107 rad/s*)(52.5 m)
o= | wf"———=/(0.080 rad/s)” — —
r 8.0x107°m
;= ~/6.4 % 107 rad?/s> + 4.2 x 10~ rad?/s> = /4.8 x 10~ rad?/s?
w;=0.22 rad/s
5.r=3.0m As
AG==
"

; =0.820 rad/s
5 =0.360 rad/s
As=20.0m

_ a)f2 - 601'2 _ (l)f2 - a),»z

(0.360 rad/s)* — (0.820 rad/s)?
o= = =
2A0 2<A 5>

@ (20.0 m)

r 3.0m

—0.542 rad?/s*

20.0 m
(2)( 3.0 m )

_0.130 rad’/s” — 0.672 rad’/s’ _
20.0m
3.0m

a=|-4.1x107%rad/s®
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Givens Solutions

6. r=1.0km AG = wiAt+%ocAt2

®; =5.0%x 107 rad/s 5 , ,
2(A0— wAn  (2)[27 rad — (5.0 X 107 rad/s)(14.0 min)(60 s/min)]

At =14.0 min o AL [(14.0 min)(60 s/min)]?

A8 =27 rad _ (2)(63rad—4.2rad) (2)(2.1 rad) B
“ = 1140 min)(60 s/mim) > [(14.0 min)(60 s/min)]> ~ L o

7. 0;=7.20 x 10~ rad/s At = (4 min)(60 s/min) +22 s =262 s
A6 =12.6rad AB = w;At +50A1
At=4min, 22 s o 280- oA _ ()[12.61ad - (7.20 % 107% rad/s)(262 s)]
AP (2625)°

o (2)(12.6rad—18.9rad)  (2)(-6.3 rad/s)

E = ——=[-1.8x 10" rad/s’
(262 s) (262s)

wF—o; 32.0 rad/s — 27.0 rad/s _ 5.0rad/s

A 6.83 6.
;=320 rad/s t s 683

— 2
At=6.83s Ogye =10.73 rad/s

8. w;=27.0rad/s

Qg =

9. 0=2.68 x 107 rad/s A= wAt+ %aAtz
At=120.0's > rrad
A6= 2211 h/3600 5)(120.0 ) +5(2.68 x 107° rad/s*)(120.0's)?
_2xrad h

i

12 AO=1.7x10"2rad + 1.93x 10™" rad = | 0.210 rad

10. w;=6.0x 107 rad/s Ad= wfzz— a)i2
wr=3w;= 18 x 10~ rad/s o
fmom \ , (18 x 107 rad/s)® — (6.0 X 10> rad/s)> 3.2 x 10™* rad*/s*> — 3.6 x 107> rad?/s
a=2.5x 10" rad/s AO= (2)(2.5 10 * rad/s?) = (2)(2.5% 10 * rad/s?)

2.8 x 10~ rad%/s>

A0= S 10 rads? = (03672

11. ©;=9.0x 107 rad/s OO
t=——
o =5.0x10"°rad/s o
o =7.5%x10"10 rad/s? 50%10°rad/s —9.0x 10 rad/s 4.1 x 107 rad/s
At =

7.5 % 10710 rad/s? = 7.5%x 1070 rad/s?

At=[55x10>s=1.5h

Appendix J-4  Holt Physics Solution Manual
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Givens Solutions

A
12. r=71m Agz_szwim.,.%amz
r
As =500.0 m A
LaAf + wpr - = =0
; =0.40 rad/s 2 ! r
a=4.0% 10" rad/s’ Using the quadratic equation:

-w; t a)iz - 4(10()(_—?5)

500.0 m
7.1m

—0.40 rad/s + \/ (0.40 rad/s)® + (4)(%)(4.0 %107 rad/sz)<
At= :

(2)(%)(4.0 x 107 rad/s?)

jp o 040 rad/sE J0.16 rad%/s> + 056 rad®/s> = 0.40 rad/s +4/0.72 rad*/s’
= 4.0 %107 rad/s* N 4.0x 107 rad/s*

Choose the positive value:

—0.40 rad/s + 0.85rad/s  0.45 rad/s
Af = _ = | 1.1x10?
4.0 107 rad/s? rad/s®

Additional Practice E

1. w=4.44rad/s v, 444 m/s
= = Tiied = LL0om
v,= 4.44 m/s o 4.44rad/s
2. yy=16.0mls i — LU =|8.79x 10° m =879 km |

® 1.82%x107° rad/s

circumference = 27tr= (27)(879 km) = | 5.52 X 10° km

®=1.82% 107" rad/s

3. ©=5.24x10° rad/s rzﬁzLIg/S:P,s()x 102 m=250 cm|
® 5.24x107 rad/s

v,=131m/s

= 29.7k
4. v;=29.7kmls w="= 71118/3 =[1.98x 107 rad/s
r 1.50x10° km

r=1.50 % 10® km

19.0 mm _
5. r=————=950mm vp=r®=(9.50 X 107> m)(25.6 rad/s) = | 0.243 m/s

@ =25.6 rad/s
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Additional Practice F

Givens Solutions
1. r=32m _at_O.ZOm/s2
a;=0.20 m/s’ r 32m
o =[62x107 rad/s’
2. ;=80m a, —144m/s’
r a="=""" o018 rad/s
a, =—1.44 m/s> ro 80m

3. Aw=-2.4x 10" rad/s
At=6.0's

a;=—0.16 m/s’

g Ao 24X 10 rad/s
At 6.0s
_a —0.16 m/s*

1
e — -4.0 x10' m
o —4.0%107° rad/s®

=—4.0x 107 rad/s’

4. A0’ =14 628 turns o
AY =1.000 h O‘fz )
wf— wi
a,=33.0 m/s’ 05=T01
w;=0rad/s AO
wr =",
A@=2mrad g
L S
AR
—w;
| \ar _ 2aA0
206 Ag’)z 5
—w;
AY
(2)(33.0 m/s%) (2 rad)
|—(14 628 turns)(2777rad/'[urn)—|2 s
r= L (1,000 1) (3600 5/h) J — (0 rad/s)“={0.636 m
5. r=56.24m a=ro
;= 6.00 rad/s Wi— O
a=d""
@7 =6.30 rad/s At
Af=0.60's b= W= ;) _ (5624 m) 6.30 rad/s — 6.00 rad/s _ (56.24 m)(0.30 rad/s)
0.60 s 0.60 s
6. r=13m a=ra
AB=2rrad _ 2(A0- A
At=18s AP
0,20 radJs 0 Z(Ae—za)iAt) (3 m){(z)[zmad - (0 razd/s)(l.S 9)] |
Af | (1.85) |

Appendix J-6

Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Additional Practice G

Givens

1. 7;,=2.00x10° Nem
7,=1.20x 10° Nem
h=24m

Solutions

Apply the second condition of equilibrium, choosing the base of the cactus as the
pivot point.

Tpet=T1— To— Fd(sin ) =0
Fd(sin 6) =1;,— 1,

For F to be minimum, d and sin @ must be maximum. This occurs when the force is
perpendicular to the cactus (6=90°) and is applied to the top of the cactus (d=h=
24 m).

7,—7, 2.00x10°Nem—1.20x 10> Nem
Eyin = =

h 24 m

8.0 x 10* Nem

Fpin= am =1 3.3 10° N applied to the top of the cactus

2. m;=40.0kg
my=5.4kg
d;=70.0 cm
d,=100.0 cm —70.0 cm

Apply the first condition of equilibrium.

Fy—myg—myg— Fapplied: 0

Fyy= myg+ mog+ Fappiieq= (40.0 kg)(9.81 m/s®) + (5.4 kg)(9.81 m/s) + Fyppiica
F, =392 N+ 53 N + Eyppiioa = 455 N + Fypplica

=30.0
cm Apply the second condition of equilibrium, using the fulcrum as the location for the
¢=9.81 m/s* axis of rotation.
Fapplieads + mygdy — mygd; =0
; mygd; — mygdy  (40.0 kg)(9.81 m/s*)(0.700 m) — (5.4 kg)(9.81 m/s*)(0.300 m)
applied = d, B 0.300 m
F 275 Nem — 16 Nem 259 Nem
applied = 0300m  0300m
Fapplied: 863 N
Substitute the value for Fjpj;, into the first-condition equation to solve for F,.
F,=455N+863N=|1318 N
3. m=134kg Apply the first condition of equilibrium in the x and y directions.
d; =2.00m FxZ Fapplied (COS 9) - Ff =0

d,=7.00m—2.00 m=5.00 m
6=60.0°
g=9.81 m/s’

E,=F,— Fapplieq (sin 6) — mg=0

To solve for Fyppie> apply the second condition of equilibrium, using the fulcrum as
the pivot point.

Fapplied (sin )d,— mgd; =0

o _mgdy _ (134kg)(081 m/s)(2.00 m)
applied = dy(sin 6) B (5.00 m)(sin 60.0°)

Fopplied= | 607 N

Substitute the value for Fjpj; into the first-condition equations to solve for F, and
Ff-

Fy = Fappliea(sin ) + mg= (607 N)(sin 60.0°) + (134 kg)(9.81 m/sz)

F,=526N+131x10°N=|1.84x10°N
Fp= Fapplied(COS 0) = (607 N)(cos 60.0°) =| 304 N
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Givens

4. m=8.8x10"kg

d1=3.0m
d,=15m-3.0m=12m

Solutions

Apply the first condition of equilibrium in the x and y directions.
Fx = Ffulcmm,x -F (Sil’l 9) =0

Fnyulcrum,y_ F(cos 6) —mg=0

F,=150x10°N
g=9.81 m/s?

0=20.0° To solve for F, apply the second condition of equilibrium e, using the fulcrum as the
5 pivot point.

g=9.81m/s
Fdy—mgd; (cos 6) =0
o mgdy (cos6) (8.8 10° kg)(9.81 m/s*)(3.0 m)(cos 20.0°)

- d, - 12m
F=|2.0x10*N
Substitute the value for Finto the first-condition equations to solve for the compo-
nents of Frjcrum
Fputerumy = F (sin 6) = (2.0 x 10* N)(sin 20.0°)
3
Ffulcrum,x= 6.8 X 10° N
Fputerum,y = F (cos 6) + mg= (2.0 x 10* N)(cos 20.0°) + (8.8 x 10* kg)(9.81 m/s")
Futerum,y=1.9%10*N+8.6 X 10°N = | 8.8 x 10° N
. m;=64kg Apply the first condition of equilibrium to solve for Fyppjied-

my=27kg Fn_mlg_mZg_Fupplied:O

dy= dy= 30m_ L o Fopptied=Fn— m; g—m; g=1.50 X 10° N — (64 kg) (9.81 m/s”) — (27 kg)(9.81 m/s°)
Fapplied=1.50 X 10° N =63 x 10° N = 2.6 X 10° N=6.1 x 10° N

To solve for the lever arm for Fyppjieq, apply the second condition of equilibrium,
using the fulcrum as the pivot point.

Fappliea d+mygdy—mygd;=0

L gd—mygd, (64kg)(9.81 m/s®)(1.50 m) — (27 kg)(9.81 m/s>)(1.50 m)

2
Fopplicd 6.1x 10°N
9.4%x10°Nem—4.0x 10> Nem 5.4 x 10> Nem
= 6.1x 10°N T 61x10°N

d=10.89 m from the fulcrum, on the same side as the less massive seal

Appendix J-8

. m;=3.6x10"kg
my=6.0x 10> kg
/=15m
/;=50m
g=9.81 m/s?

Apply the second condition of equilibrium, using the pool’s edge as the pivot point.

Assume the total mass of the board is concentrated at its center.

m1gd—m2g<§—/1)=0

] o

mp g my

1
(6.0 %107 kg)| 2™ _5.0m )
2 (6.0 x 102 kg)(7.5 m — 5.0 m)

d= - -
3.6x 10" kg

3.6x 10° kg

4 (6.0 10> kg)(2.5 m)

= (4.2 m from the pool’s edge
3.6x10° kg | P g |
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Givens

7. m=449 kg
/=50m
F;=270x10°N

Solutions

Apply the first condition of equilibrium to solve for F,.
F 1t F 2—mg= 0
Fy=mg—F,

g=9.81 m/s’ F,= (449 kg)(9.81 m/s?) —2.70 x 10> N=4.40 x 10° N - 2.70 X 10° N=1.70 X 10° N
Apply the second condition of equilibrium, using the left end of the platform as the
pivot point.

F;/-mgd=0
F,/ (1.70 x 10° N)(5.0 m)
=2 ¢ (449 kg)(9.81 m/s?)
d= | 1.9 m from the platform’s left end |
8. m;=414kg Apply the first condition of equilibrium to solve for F,.

/=5.00m Fy+Fy—m;g—myg=0

my=40.0 kg Fy=m;g+myg—Fy=(m;+my) g— F;

F;=50.0N F,= (414 kg +40.0 kg)(9.81 m/s?) — 50.0 N = (454 kg)(9.81 m/s) — 50.0 N = 4.45 x

5 10°N-50.0N
g=9.81m/s

Additional Practice H

F,=4.40x10°N

Apply the second condition of equilibrium, using the supported end (F;) of the stick
as the rotation axis.

de—mlgz —ng/=0

<%+ mZ) ¢/ <4likg +40.0 kg>(9.81 m/s?)(5.0 m)

d= F, - 440%10° N

(207 kg +40.0 kg)(9.81 m/s*)(5.00 m) (247 kg)(9.81 m/s*)(5.00 m)
d = 440 x 10° N = 4.40x10°N

d= | 2.75 m from the supported end

1. R=50.0m
M=1.20x10%kg

7=1.0% 10° Nem

. 1.0 10° Nem

TMR (120 10° kg)(50.0%)

o=

~ 1l

a=0.33 rad/s?

2. M=22kg
R=0.36 m
7=5.7 Nem

T T 5.7 Nem
O MR (22kg)(0.36 m)?
a=|2.0rad/s®
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3. M=24kg
/=2.74m
F=18N

Solutions

The force is applied perpendicular to the lever arm, which is half the pencil’s length.
Therefore,

/
7=Fd (sin 0) = F(E)

/
F(_) (1.8 N)(2.74 m)
T 2 2

o=- = =

1 T 2
I Lpp 5(akg(274m)

4. M=4.07x10° kg
R=50m
7=50x10*Nem

T T
o=—= ;
I MR
(5.0 10* Nem)
a:

3(4.07 X 10° kg)(5.0 m)?

o=19.8x107" rad/s

5. R=2.00m

F=208 N
_ —2 2
a=3.20% 10 “rad/s

The force is applied perpendicular to the lever arm, which is the ball’s radius.
Therefore,
7=Fd(sin )=FR

r FR (208 N)(2.00 m)
T2 o 320x10°rad/s®

I=|1.30 x 10* kgem?

— T
6. r=80m I=— = mr?
3 o
7=73x10° Nem 7 3% 10° Nom —
o= 0.60 rad/s I= 0.60 rad/s” 12X 10" kgem
4 2
I 1.2Xx10" kgem >
m= =" gom?  ~L9x10°ke
7. v,;=2.0km/s 1:1: T _ T
/=15.0 cm o (a)f— 601‘) Vpf= Vi
_ At d
At=80.0s (_) At
/2
7=—0.20 Nem
vyr=0m/s I= —0.20 Nem = —0.20 Nem
0m/s— 2.0 x 10° m/s ( —2.0% 10° m/s )
0.150 m 0.075 m)(80.0 s
( )(80.0 s) ( X )

I=]6.0x 10" kgem?
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Givens Solutions

1.70 T
8. R=—""=0.85m I= —= MR
o
7=125Nem
I T T 125 Nem 125 Nem
At=2.0s =—= = = 2
o o — o; /12 rad/s—0 rad/s\ 6.0 rad/s
;=0 rad/s At \ 20s )

@=12rad/s
I=|21kgem
| 2lkgem?
M= ="085m) =

9. R=3.00m

Copyright © by Holt, Rinehart and Winston. All rights reserved.

_ [ o) 0)[— ;
M=17%10’kg T‘“’“(ZMR) Az )
®;=0rad/s (17 % 10° kg)(3.00 m)*(3.46 rad/s — 0 rad/s) -

T = =12.2X10" Ne
=346 rad/s (2)(125) -
At=12s

10. R=4.0m o o
_ _ (1 2 f— i
M=1.0x10%kg v=lo=(; MR )( AL )
®;=0rad/s (1.0 x 10® kg)(4.0 m)? (0.080 rad/s — 0 rad/s) -
= 0.080 rad/s r= (2)(60.0'5) = [11x 10" Nem
At=60.0's
_ 3 2 _ 1 2
11. [=2.40x 10° kgem AO= w; At+5 At
AB= 2(2ﬂrad) =4rxrad Because wi:0>
At=6.00 s AO:% OAP
w;=0rad/s A0
T AP
- a_zme_ (2)(2.40 x 10° kgem?) (47 rad)
N (6.00 5)2
7={1.68 x 10° Nem
12. m=7.0x10 kg t=Io= (mr2)<it)= mray
r
r=183m
7=(7.0x 10* kg)(18.3 m)(25 m/s*)
a; =25 m/s’

7=|32%10° Nem
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Additional Practice |

Givens

1. r;=4.95% 10" km
v;=2.54 x 10° Km/h
vp=1.81x10° km/h

Solutions

Li=L

I,»a),: Ifa)f

r? _)mf (J)
ri rf

I’i l/i= T’fZ/f

ry (495 107 km)(2.54 x 10° km/h)

= v 1.81 x 10° km/h
rr=16.95x10" km
2. 1;=399 km/h Li=1L;
I/f =456 km/h Ii a),-:Ifa)f
R=0.20m .
m r,2 %) 2 mrf2 i
AB=20rev T rf
V= Tf1/f
rp=ri—As=r1;— RA®
rivi=(r;— RAO) vy
r; (z/f— v;) =(RAO) vy
456 km/h)(0.20 20 2 d
r:VfRAO _ ( /h)( m)(20 rev) (27 rad/rev)
— 456 km/h — 399 km/h
(456 km/h)(0.20 m)(20 rev)(27 rad/rev)
- 57 km/h
3. M=25.0kg Li=L
R=15.0cm Ii a),-:Ifa)f
L -3 2.9
;=470 x 10" rad/s L I o, :<§MR > ;
wp =4.74 ¥ 1073 rad/s / oy wy
(2)(25.0 kg)(0.150 m)?(4.70 x 107> rad/s) ,
Iy= (5)(4.74 % 102 rad/s) =0.223 kg'm

I;=2 MR* =2 (25.0 kg)(0.150 m)? = 0.225 kgem®
Al= Iy~ I;=0.223 kgem® — 0.225 kgem” = —0.002 kgsm”

The moment of inertia decreases by 0.002 kgem?.
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Givens Solutions

4. v;=395 km/h

Copyright © by Holt, Rinehart and Winston. All rights reserved.

B Ar
r=120x10°m =i | A A
A
2 0.79 m/s Li=Ly
At ! i
j0;=Lro
At=33s PSR
i Tf
Ar
riv;i= T‘fl/fz ri— Zt At Z/f
~ rv; (120 10% m)(395 km/h)
U= A 120X 107=(0.79 m/s)(33 s)
[1’, — (Zt) At
(1.20 x 10°> m)(395 km/h)  (1.20 10% m)(395 km/h)
T o120x10°m—-26m 94 m
vp=[5.0%10"km/h
10.0 —
5. 1= 2m=5.00m Li=1
400 m liw;= Iy
T’f— =2.00m 2, _ 2
2 mr; ;= mrf a)f
@;=1.26 rad/s réw;  (5.00 m)*(1.26 rad/s)
“r= o (2.00 m)2
o = 7.88 rad/s
6. R=3.00m Li=L
M=1.68x10%kg Lw;= oy
7;=2.50 m ((ZLMR2 + mr,-z)a)i = (%MR2 + mrfz on
U 3.00 m (—MR2+ mrlz o;
2 _
m =2.00x%x 10 kg a)f_ (—MRZ n mrfz)
w; =3.46 rad/s

[21(1.68 x 10% kg)(3.00 m)* + (2.00 x 102 kg)(2.50 m)ﬂ(s.% rad/s)

W=
/ {1(1.68 x 10% kg)(3.00 m)? + (2.00 x 10% kg)(3.00 m)z]
(7.56 x 10* kg-m +1.25x10° kg-m )(3.46 rad/s)
“F= 7.56 x 10 kgem® + 1.80 X 10° kgem>
(7.68 x 10* kg-m )(3.46 rad/s)
@ = 7.74 % 10" kgem?

wr=3.43 rad/s

Aw= 0r— @;=3.43 rad/s — 3.46 rad/s = —-0.03 rad/s

The angular speed decreases by 0.03 rad/s.
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Additonal Practice J

Givens Solutions
1. m=1407 kg ME; = ME;
h=57.0m mghz%ml/f2+ %waz
vy =124 m/s %waz:mgh—%mvfz
@ =28.0 rad/s I 2mgh— mvfz _ m(2gh— 1/f2)
g=9.81 m/s? N a)f2 - a)f2

(407 kg)[(2)(9.81 m/s)(57.0 m) — (12.4 m/s)?]
I= (28.0 rad/s)2

(407 kg)(1.12 x 10° m%/s* =154 m%/s*) (407 kg)(9.7 x 10* m*/s)

= (28.0 rad/s)’ - (28.0 rad/s)?
2. h=50m ME; = ME;
2
§=981m/s mgh = %mufz + lewa

mgh= %mufz + ;(WTZ)(%>

mgh= mz/fz(é+%) = my
vp= \/g_h =4/(9.81 m/s%)(5.0 m)

vp= | 7.0 m/s | | the mass is not required |

3.h=12m ME; = ME;

_ 2
§=9.81m/s %mt/iz + %Ico,-2 =mgh

2
L2 Y2\ Vi
S Mv; +2(2mr )(T2)—mgh

1 1 3
1’)11/1'2 (E + Z) == 1’?11/12 = T’I’lgh

4)(9.81 m/s?)(1.2
N N Rt [T

4. vy =12.0m/s ME; = MEy
2
2
I=0.80mr mgh = zlmvfz + zlla)f2 = %rm/fz + 21(0.80 mrz)(i/f)
.
¢=9.81 m/s?

0.80
mgh= mz/f2 (21 + T) =0.90 mufz

09007 (0.90)(12.0 nvs)”
g 9.81 m/s*

h

h=|13m
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Givens Solutions
5. v;=54m/s ME; = ME;
2
£=9.81m/s zlmz/iz + zlla)i2 = mgh = mgd(sin 6)
6=130.0° 2
mgd(sin 0) = zlmui2 + %g mr? )(r—’2>
mgd(sin 6) = mv,»z (21 +é) =T70 m:/,-2
703 (7)(5.4 m/s)®
- ! = 7 ~=|42m
10 g(SlI’l 0) (10)(9.81 m/s“)(sin 30.0°)
6. r=2.0m ME; = ME;
=5.0rad = L2 2
oy ra /25 mgh= mvf + Jlwy
g=9.81m/s L a2 12 2 2
mgh= smr o +5{z mr- |
m:4.8><103kg =2 f 2(3 ) g
mgh= mrza)f2 (21 +§) = 1—70 mr? a)f2
7202
, 0" 5 (7)(2.0 m)2(5.0 rad/s)?
-8 T (10)(9.81 m/s?)
KE trans= zlmvfz = %mrza)fz
KE grans =3 (4.8 x 10° kg) (2.0 m)*(5.0 rad/s)*
7. m=555kg ME; = ME;
h=140m mgh = zlml/fz + ZlICUfZ
g=9.81 m/s*

2
Vv
mgh= zlmz/f2 + zl(g mr? )(%)

2(1 1 7 2
mgh= mvy (5+g)=ﬁ mvy

10)(9.81 m/s?)(1.40
vf= 108 _ /( SO ms) m)=4.43m/s
vV 7 W 7

1 2 1 2
KEmt = Elwf = gl/m/f

(5.55kg)(4.43 rn/s)2

Section Two—Problem Workbook Solutions

Appendix J-15




Additional Practice K

Givens Solutions
1. P,=(1+0.12)P,=1.12 P, Py +3pu + pghy = Py+3pus + pghy
v;=0.60 m/s

P
h;=hyand P,= —L 5o the equation simplifies to
v, =4.80 m/s 1.12

3

3 P
p=1.00x 10 kg/m P1+%py12:1—112+%pz/22

p=1.00x 10’ kg/m’

h1=h2

h[ = h2 1
1
P1(1 _E) = 3o —v)
. p(v?—vY)  (1.00 x 10° kg/m>)[(4.80 m/s)* — (0.60 m/s)*]
1 = =
1 1
2)|1-— 2)|1-——
( )( 1.12) ( )( 1.12)
(1.00 x 10° kg/m?)(23.0 m%/s* — 0.36 m?/s”)
Pr= (2)(1 - 0.893)
5, (100 10° kg/m?)(22.6 m%/s?) T ID
1= (2)(0.107) s[Pox 0 fa
410 m
2.1 = =2.05m A=A,
v;=3.0m/s 1/2=A1U1 _ 7rr121/1 _ rlzz/l
= 270m =1.35m A; TZZ r22
(2.05 m)“(3.0 m/s)
P,=82KkPa —
2 12 (135 m)2 6.9 m/s

19 12
Py+5pvi”+ pghy = Py+5pvy° + pghy
h; = hy, so the equation simplifies to
P1 + zlpl/]2 = P2 + zlpl/Z2
1

Py =P+ 5p(vs = vy)

3 1 3 3 2 2
P;=82x%10" Pa+ 5(1.00 % 107 kg/m”)[(6.9 m/s)” — (3.0 m/s)"]
P, =82% 10 Pa+ 5(1.00 x 10° kg/m”)(48 m?/s” - 9.0 m’s>

P;=82% 10 Pa+ 5(1.00 x 10° kg/m®)(39 m?/s?)

P;=82x10° Pa+2.0 x 10* Pa=10.2 x 10* Pa= | 102 kPa

3- h2-h1:

Appendix J-16

B

Ax=19.7m

To find the horizontal speed of the cider, recall that for a projectile with no initial

vertical speed,
Ax=vAt
Ay=— %gAt2 =— %h

1 1
Py+3 pui® + pghy = Po+5 puy’ + pghy

Holt Physics Solution Manual
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Givens

Solutions

Assuming the vat is open to the atmosphere, P; = P,.

Also assume v, = 0. Therefore, the equation simplifies to

%Psz + pgh; = pgh;

2\ »
vﬁ=§( &) = g(hy ) = gL

o | =

h

gae
h

W= Ax?

gh

4. v, =59m/s
g=9.81 m/s’

1 1
Py + 3pvi* + pghy = Py + 5pvs’ + pghy

Assume v, =0 and P; = P, = P,

P’ + pghy = pghy

2 2
vy (59 m/s) 2
hy—hj=—=——"""5_ = -1.8><10
2 1 (2)(9.81 m/SZ) m

2g

5. hZ - hl =66.0 m
¢=9.81 m/s?

1 1
Py + 3pvi* + pghy = Po+ 5pvs’ + pghy

Assume v, =0 and P; = P, = P,

P’ + pghy = pghy

vy = AJ2g(h— hy) = 4/(2)(9.81 m/s%)(66.0 m) = |36.0 m/s

6. h, — h; =3.00 x 10 m
¢=9.81 m/s?

Py + zlPsz +pgh; =Py + %Psz + pgh,

Assume v, =0 and P; = P, =P,.

sPvi+ pghy = pghs

vy = AJ2g(hy— hy) = 1/(2)(9.81 m/s%)(3.00 X 10 m) = | 76.7 m/s

7. hZ_hl =6.0m
g=9.81 m/s?

1 1
P+ 5/37/12 +pgh; =Py + EPVZZ + pghy
Assume v, =0 and P; = P, =P,

Spvi’ + pghy = pgh;

vy = \/Zg(hz —h;) = \/(2)(9.81 m/s?)(6.0m) = |11 m/s
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Additional Practice L

Givens

1. V=34x10"m’
T=280K
N =1.4x10 atoms

kp=1.38x 10" J/K

Solutions

PV = NkgT

o NegT _ (14 10° atoms)(1.38 x 10>’ J/K)(280 K)
v 3.4x10°m’

P=|1.6x10*Pa

2. V=10x10"m’
N =1.2x 10" molecules
T=300.0K
kp=1.38x 10" J/K

PV = NkgT
NkgT  (1.2x 10" molecules)(1.38 x 10~ J/K)(300.0 K)
P= =
% 1.0x10% m?

P={5.0%x10"Pa

3. V=33x10°m’
N= 1.5 x 10> molecules

T=360K

kp=138x 1022 J/K

PV=NkyT

Nk T (1.5 %10% molecules)(1.38 x 107> J/K)(360 K)
Ty T 3.3%10°m’

P=|2.3x10"Pa

4. N=1.00 x 10%” molecules
T=2.70x10°K
P=36.2Pa
kg=138x 1022 J/K

PV=NkyT

o NkgT_ (100 1027 molecules)(1.38 x 1072 J/K)(2.70 x 10> K)

P 36.2 Pa

5. V;=3.4x10° m?
T,=280K
P;=1.6x10*Pa
T,=240K
P,=1.7%10*Pa

PV PV,
T, T

P, V; T, (1.6x10"Pa)(3.4x10° m’)(240 K)
V2= PT, (1.7 x 10* Pa) (280 K)

V,=]2.7%10°m’

6. A=2.50x10>m>
T=3.00x 10° K
P=101kPa
N=4.34x 10! molecules
kp=138x 102 J/K

PV=NkgT

yo Nk T (4.34 x 10°" molecules)(1.38 x 1072 J/K)(3.00 x 10> K)
T p 101 x 10° Pa

V=178 x10° m®

V=/A

Y 1.78 x 10° m* 5
SAT 2s0x 10t L2X10m
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Givens

7. V=736x10*m?

P=1.00x 10° Pa
N=1.63%10" particles
kp=1.38x 10" J/K

Solutions

PV = NkgT
PV (1.00 X 10° Pa)(7.36 x 10* m?)
Nkg  (1.63x 10" particles)(1.38 x 107> J/K)

T=

. /=3053m

A=0.040 m>

N=3.6x 10*" molecules

PV=NkgT
V. PA/
NkB I\TkB

Copyright © by Holt, Rinehart and Winston. All rights reserved.

P=105 kPa

(105 x 10° Pa)(0.040 m?)(3053 m)
s = (3.6 x 107 molecules) (138 x 10 3 J/K) ~ 200K
k=138 x 10 22 J/K

9. P, =250 10° Pa PV PV,
T; T,
T;=495K o P22l (101x 10° Pa)(57.0 m*)(495 K)
V;=3.00m° 27 7p v, (2.50x10°Pa)(3.00 m?)
V,=57.0m’

T,=|3.80x 10° K

PLVi_PyVy, _PaVaTy_ (1.01 X 10° Pa)(57.0 m®)(495 K)
T, T, ° PV, (2.50 x 10° Pa)(3.00 m°)

P,=1.01x10° Pa

Additional Practice M

1. f=833Hz maximum emf = NABw = NAB(27xf)
2 2
D=5.0 = 0.050 D 0.05 _
o m A=grt=r|— _7[( m) =20x10°m?
B=8.0x102T
_ maximum emf _ 330V

maximum emf = 330 V ABQxf) (2.0 X 10° m?)(27)(833 Hz)(8.0 X 1072 T)

N=| 4.0 x 10 turns

2. w=335rad/s maximum emf = NAB®w

maximum emf =214V maximum emf

B=8.00x1072T ABw

A =0.400 m? N 214V
"~ (0.400 m?)(0.0800 T)(335 rad/s)

o Yy

19.3m maximum emf = NAB®
3.r= =9.65m
_ maximum emf
= 0.52 rad/s a N(zrd)o
maximum emf =25V 25V
B=
N =40 turns (40)(7)(9.65 m)?(0.52 rad /s)

B=|41x107*T
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Givens

4. maximum emf =

8.00x 10’V
N =236

A =(6.90 m)*
®=57.1rad/s

Solutions

maximum emf = NAB®

maximum emf
NAw
8.00x10°V
(236)(6.90 m)2(57.1 rad/s)

B=[125%x102T

. N =1000 turns
A=8.0x10"*m?
B=24x107T

maximum emf=3.0V

maximum emf = NAB®

maximum emf
NAB

=

3.0V
7 (1000)(8.0x 104 m?)(2.4x 107> T)

®=1.6x%10rad/s

(0]

. N =640 turns
A=0.127 m

maximum emf =
24.6%10°V

B=8.00x1072T

maximum emf = NAB®

maximum emf
NAB

24.6x10°V
~ (640)(0.127 m?)(8.00 X 1072 T)

®=13.78 % 10> rad/s

(0]

7. f=1.0x10° Hz

B=022T
N =250 turns

r=12x102m

maximum emf = NAB® = NAB(2xf ) = N(zr°) Bo = N(7r?) B2 7f)
maximum emf = (250)(7)(12 x 1072 m)?(0.22 T)(27)(1.0 x 10> Hz)

maximum emf= | 1.6 x 10* V=16 kV |
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Study Guide Answers

What Is Physics? p. 1

The Science of Physics

1. a. mechanics (laws of motion) 2.

b. vibrations and waves (sound or acoustics)

a. No. Scientist do not vote about their knowledge.
They use evidence to support or disprove scientific
arguments

C. optics

d. thermodynamics

b. No. Speed of light is determined in nature. We can
only measure it.

e. electricity

f. nuclear physics

c. Yes, by sharing their scientific arguments. Science is
a body of knowledge about the universe. Scientists
around the world work together to make it grow.

Measurements in Experiments, p. 2

1. 10" €.5.3657 X107 s b. 452 nm

2. 10° d.532x107g . 53.236 kV

3. 107 e.8.8900x 10'° Hz d. 4.62 ms

4. a.3.582 x 10" bytes £.83%x10° m 6. 4.2947842; 4.29478; 4.295; 4.3
b.9.2331x 107 W 5. a. 36.582472 Mgrams

The Language of Physics, p. 3

1. a. 6.0 x 10° b. 6% 10° 4. a. about 10 cm by 25 cm
b. 1.5 x 102 c.8%x107° b. Check student responses,
5 _5 which should indicate that
c.1.5x10 d.7x10 volume = (width)? x (height).
3 6
d.6.0x10 e.7x10 c. Check student responses for
e.1.5%10° £.7%x10°% consistency with a and b.
f.6.0x1077 3. a. 10
2. a.4x10° b. 107"
Mixed Review, pp. 5-6
1. a.22x10° s b. 4 4. a. 1.0054;-0.9952; 5.080 x 10_3;
5 5.076 X 107
b. 3.5 % 10" mm c. 10
PRI a3 b. 4.597 x 10”; 3.866 X 107;
C- oo m . 1.546 x 10'%,11.58
5
d.22x107 kg e.2 5. 15.9 m>
i1
e.671x10"" uig -4 6. The graph should be a straight line.
grap 8
£.8.76x 107 GW 3. a.4
g.1.753x 10 ! ps b.5
2.a.3 c.3

Section Three—Study Guide Answers
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Study Guide Answers

Motion In One
Dimension

Displacement and Velocity, p. 7

1. Yes, from t; to tyand from t4to t,.

. Yes, from 0 to t; and from 5 to t4.

2. Yes, from t,to ts.

6. Yes, from t; to 5, from #, to ty, from t,to t5, and from

3. greater than

teto ts.

4. greater than

. —=5.0 m (or 5.0 m to the west of where it started)

Acceleration, p. 8

1. vy =0. The car is stopped.

_ 2Ax

2. l/i—E

5. v;=—aAt Ax=3u;At

Falling Objects, p. 9

1. a.—¢

d. height = gAr%/8

c.1.2s

b. initial speed = g(A#/2)

2. a.-9.81 m/s’

c. elapsed time = A#/2 b. 12 m/s
Mixed Review, pp. 11-12
1. a. t;=djlv; t,=dy/vy; t3=dslv;s 2. a.vp=a(At)
b. total distance = d; + d; + d; b. vy =v;+ a(At); Ax = %(Z/i +vp)At or Ax = v;(At) +
c. total time = t; + £, + 13 Ja(An)?
3.
Time interval | Type of motion v (m/s) a(m/s?)
A speeding up + +
B speeding up + +
C constant velocity + 0
D slowing down +
E slowing down + -
4. a b.1s
Time (s) Position (m) v(m/s) a(m/sz) c.2s
1 4.9 0 -9.81
2 0 -9.8 -9.81
3 -14.7 -19.6 -9.81
4 -39.2 -29.4 -9.81

-2
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Study Guide Answers

Two-Dimensional
Motion and Vectors

Introduction to Vectors, p. 13

1. {A,G,E,H/,1I}; {D,G}, {B,EJ} 5. Both diagrams should show a vector B that is half as
long as the original vector B. The first diagram should
2. {A,D,H}, {B,C,G}, (L]} have the tip of A next to the tail of -B/2, and —B/2

3. (A, H} should be pointing to the left. The second diagram
4.

should have the tip of B/2 next to the tail of —A, and
—A should be pointing down. The resultant vectors
should have the same magnitude but opposite direc-
tions. The first will slant towards the upper left. The
second will slant towards the lower right.

Both diagrams should show a vector A that is twice as
long as the original vector A, but still pointing up. The
first diagram should have the tip of 2A next to the tail of
B. The second diagram should have the tip of B next to
the tail of 2A. The resultant vectors should have the
same magnitude and direction, slanting towards the
upper right.

Vector Operations, p. 14

1. Check students’ graph for accuracy. Shot 2: 110 m; 64 m Shot 4: 0 m; 14.89 m

2. Shot 1: 45 m; 45 m Shot 3: 65m; 33 m 3.220m

Projectile Motion, p. 15

1. At=v;sin 6/g 5.
2. h=v(sin 0)%/2¢ Launch angle Maximum height (m) Range (m)
2 .
h 0 9 o
3. x=;(cos O)(An) = AT T 1> 85 130
30° 32 220
21/,'2 sin 6 cos 6 45° 64 250
4 p="t 0707
g 60° 9% 220
75° 119 130
Relative Motion, p. 16
1. vgL = Vgw + VwL 4. Student diagrams should show vy and vgyy at a right

le with vgy, forming the hypot f a right triangle.
2. Student diagrams should show vgw twice as long as B At £ A A

vwi but both are in the same direction as vgy, which is 5. a. 6.0 km/h, due east
1 both together.
ong as both fogerher b. 2.0 km/h, due west

3. Student diagrams should show vy and vgy, longer
and opposite in direction. The vector vgy should be as
long as the difference between the two, and in the same
direction and in the same direction as vgy.

c. 4.5 km/h, 6 =26.6°
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Mixed Review, pp. 17-18

1. a. The diagram should indicate the relative distances . a. 2.5 m/s, in the direction of the sidewalk’s motion
and directions for each segment of the path. b. 1.0 m/s, in the direction of the sidewalk’s motion
b. 5.0 km, slightly north of northwest c. 4.5 m/s, in the direction of the sidewalk’s motion
c. 11.0km d. 2.5 m/s, in the direction opposite to the sidewalk’s
2. a. The same motion
b. Twice as large e.4.7m/s, 0 =32°

. 1.58

. 4.0 X 10" seconds

Holt Physics Solution Manual

. 6.0 X 10! seconds

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Study Guide Answers

Forces and the
Laws of Motion

Changes in Motion, p. 19

1. The diagram should show two forces: 1) Fg (or mg) 3. The diagram should show four forces: 1) Fg (or mg)
pointing down; 2) an equal and opposite force of the pointing down; 2) F pointing to the right at a 50° angle
floor on the box pointing up. to the horizontal; 3) a force equal to Fg minus the vertical

component of the force F being applied at a 50° angle;

2. The diagram should show four forces: 1) Fg (or mg) and 4) Fegistance to the left, parallel to the ground.

pointing down; 2) an equal and opposite force of the
floor on the box pointing up; 3) F pointing to the right,
parallel to the ground; 4) Fregistance POinting to the left,
parallel to the ground.

Newton’s First Law, p. 20

1. Fhet=F; +F;+F3=0 String 3: F; cos 6, F3sin 6, 4. [[=206N
2. String 1: 0, —mg 3. Fy et =—F, cos 6;+ F5c0s 6,=0 F,=103N
String 2: —F, cos 6}, F, sin 6, Fy per= F;=17.8 N

—F2 sin 91+F3sin 92+F1:0

Newton’s Second and Third Laws, p. 21

1. Fgonpand Fy o 63 Fg onsand Fg oy & | and —Fe 4. Fy pox = ma=—Fg;
Ffr,z and —Ffr’z.

5. Fy,boszsonb_ngO

2. Fs onb» Fb ons» _Ffr,l

6. Fx,sled =Ma=Fcos 0 - Ffr,l — Fﬁ.’z

3. Fyone Fsongs F Fg» B F
gons> "song> Tbons Trl> ™ T2 7. Fygea=Fgons+ Fsin 0 —Fy s~ Mg=0

Everyday Forces, p. 22

1. 44N 3. a. 21 N, up the ramp 4. a. 18 N, down the ramp

2.31N b. yes b. yes

Mixed Review, pp. 23-24

1. a. at rest, moves to the left, hits back wall b. m,a
b. moves to the right (with velocity v), at rest, neither c. F-mya=mja
c. moves to the right, moves to the right, hits front wall m
d.—L—|F
2. a. mg down my+ 1,
b. mg, up 4. a a1k
c my + my
. NO
b. mya—F
d. yes 2 k
7 c. F—mya—F,=mja—F
3.a.a=—— m
my+ my d. (71) (F—Fy)
my + my

Section Three—Study Guide Answers
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Work and Energy

Work, p. 25
1. Fd 3.0J 5.0N
2 —mgd 4. Fd 6.0]
T2

Energy, p- 26

1 2 1 2 1 2
1. a.omy; b. Jkx; c. Skx;
i i i
b.0 c. Emuz + Ekxlz 4. a. Emviz
i
c. Emviz 3.a.0 b.0
L2 12 1,2
2. a.omv b. Skx; C.my;

Conservation of Energy, p. 27

1. a.0 d. mghy
b. mgh, 2. a.v,=0
c. g’ b. v5=+/2g(hy— h)
3.
Location KEA P EA KElocation PElocation Vlocation
C 0 1.9%10*] 9% 10°] 9.6x10%] 17 m/s
D 0 1.9% 10%] 1.3x10%] 6.4%10%] 2.0 x 10" m/s
E 0 1.9%10%] 1.6x10%] 3.2x10%] 22 m/s
F 0 1.9%10%] 3x10°] 1.6x10*] 10 m/s
G 0 1.9%10*] 6x10°] 1.3x10*] 14 m/s

4. The sums are the same.

Power, p. 28

1. v=—gt 3. F=mg 5. The graph should be a curved line.
2. d=—3gt’ 4. W=Fd 6. 420 10°W

Mixed Review, pp. 29-30

1. a.60] e. no 4. a. %rm/iz + mgh; = %mvfz + mghg +
b. 607 3.a.29] Frd

2. a. mgh b.1.8] b. F.= umg(cos 23°)
b. mgh c.1.2] C-vf =
c.vp= \/m d. a, b: different; c: same ‘/myiz +2g(dsin 23° — 1 cos 23°)
d. no

I1I-6  Holt Physics Solution Manual
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Momentum and Impulse, p. 31

Momentum
and Collisions

1. Student drawings should show a vector with a length of

5. 12m/s

9.5 squares to the right.

6. use a protractor, or use tan™'(5.0/9.5)

2. Student drawings should show a vector with a length of
5.0 squares pointing down.

3. 10.7 squares, angle —28°

4. 11 kgem/s

7. Student drawings should show one vector with a length
of 6.0 squares to the right and another with a length of

12.5 squares to the right. Final momentum is about
6.5 kgem/s with a final speed of about 43 m/s.

Conservation of Momentum, p. 32

1. 0 kgem/s

4. Vsmall _ 50

Vbig

2. 0 kgem/s

5. The ratio of velocities is the inverse ratio of the masses.

3. The vectors have equal length and opposite direction.

Elastic and Inelastic Collisions, p. 33

1. vector A added head-to-tail with 3.F

5.]

vector K

2.F with vector H

4. vector F subtracted (tail-to-tail)

Mixed Review, pp. 35-36

1. a. The change due to the bat is greater than the change
due to the mitt.

b. The impulse due to the bat is greater than the im-

b. The total force on the bowling ball is the sum of
forces on pins. The force on the pins is equal but
opposite of total force on ball.

pulse due to the mitt.

c. Check student diagrams. Bat: vector showing initial

3. myyj+ movy= (my+ myvg;

myvyl (my+ my) + mpv;/ (my + my) = vy

momentum and a larger vector in the opposite di-
rection showing impulse of bat, result is the sum of

4. a. M(6 m/s)

the vectors. Mitt: vector showing initial momentum

b. 2 m/s

and an equal length vector showing impulse of mitt,
result is the sum, which is equal to zero.

c. objects trade momentum; if masses are equal,
objects trade velocities

2. a. The impulses are equal, but opposite forces, occur-
ring during the same time interval.

Section Three—Study Guide Answers
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Circular Motion
and Gravitation

Circular Motion, p. 37

1. a. yes 2. a. the wire
b. The car has a non-zero acceleration because the b. centripetal force
direction of motion is changing. ;
gne c. The centripetal force acts toward the center of the

c. The direction of centripetal acceleration is toward circular motion.
the center of the circle. In this case, the direction is
toward the center of the Ferris wheel.

d. inertia

d. 4.8 % 1072 m/s> e.32.0 m/s

Newton’s Law of Universal Gravitation, p. 38

1. a.2 c. double the radius, decrease the force to i
b. 4 d. If measured in the opposite direction, the force will
ol be in the opposite direction.
"4
d.1 3. Because of inertia, objects tend to go in a straight line.

A force is needed to change the direction of travel.

2. a. double one mass, double the force

b. double both masses, quadruple the force

Motion in Space, p. 39

1. a. According to Copernicus, Earth and the other plan- 3. TP i’
ets each move in a perfect circle around the sun.

4. Newton derived Kepler’s laws from the universal law of
b. According to Kepler’s First Law, Earth and the other

gravitation.
planets each move in an elliptical orbit with the sun 5 i
at one focus. 5. T=3.17%x10" s;v;,=2.98 X 10" m/s
2. Atl = Atz
Torque and Simple Mechanics, p. 40
1. a. Fg, F, F, Fy c.110m
b. F, exerts the largest torque because it has the largest d. greater
lever arm. 3. a.0.92
4
2. a.12x10"] b. 0.90
b. 120N c. 0.94

Holt Physics Solution Manual
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Mixed Review, pp. 41-42

1. a. Inertia tends to carry the passenger in a straight line 4. a.100N
tangent to the circular motion. = 5
b.2.22x107" m/s
b. Friction between the car’s tires and the road pro- b o
vides a centripetal force that keeps the car moving in G- 5.06 % 107s
acircle. d. 3.07x 10° m/s
c. 1.4 m/s’ 5. a. If the knob is farther from the hinge, there is
d.1.4x10°N increased torque for a given force.
2. a. doubled b. twice as much
b. quadrupled €. 2.5Nem
4
c. reduced toi 6. a.4.0x107]
4
d. quadrupled b.4.4x10"]
4
e. reduced to% €. 49%x10"]
d. 0.81

3. Student diagrams should show vectors for weight and
normal force from elevator; descent should show normal
force less than weight; stopping should show normal
force greater than weight; “weightlessness” feeling is due
to acceleration.

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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Fluid Mechanics

Fluids and Buoyant Force, p. 43

1. V=30.0m’ 5. F,=1.91 x10° N 9. Ethanol: F,=1.91 x 10° N; 1.95 x
2. 1.95x 10* kg 6. 1.95x 10% kg 10%kg; 242 m’s 242 s 5.8 m’
3. F,=191x10°N 7.195m’

4.0 8.19.5m% 10.5m’

Fluid Mechanics, p. 44

1. P=6.94x10° Pa 3. P=6.94x10° Pa 5. a.V=144x10" m’(14.4 cm®)

2. P=6.94x 10° Pa 4. 125N b. 0.02 m

Fluids in Motion, p. 45

1. 1.20 m3/s; 1.20 m3/s; 1.20 m%/s 3.1s,1s,15 5. Speed increases in order to keep

2. 6.00m;2.00m; 12.0 m 4. 6.00 m/s; 2.00 m/s; 12.0 m/s

the flow rate constant.

Mixed Review, pp. 47-48

1. a.2.01 X 10° N/m” (top); 2.51 % 10° N/m? (bottom) 2. a. IP;I = 113:2
1_12
b. 3.02 x 10> N/m% 3.52 x 10° N/m? e
1 A2
6 6
C. Fyyp=1.81X 10°N; Fppryop = 2.11x 10°N i
d. Fyy, is downward; Fyosor, is upward and greater B
272
e. net force = 3.0 X 10° N; Fyoprom Ty T
f. The crate will sink because the buoyant force is less 2
than the weight of the crate. c.E,=F Q)
r
g. V=30.0m’ Y0050 m\2
5 ; F,=(750.0 N)
h. F;,=3.00 x 10° N. The buoyant force is equal to the .500 m

weight of water displace by the crate.

mrivy= Ttr221/2

2
5}
C. V)=V)|—
)

1.50 m 2
v,=(0.750 m/s)
0.250 m

v,=27.0m/s

I1I-10 Holt Physics Solution Manual
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Heat

Temperature and Thermal Equilibrium, p. 49

1. 183K t0 268K 3. a. no—tub is 36°C b. The nitrogen is a gas because
the temperature is above its
boiling point. The oxygen is a

2. a.6.30 x 10> K; 2.34 x 10> K b. cold

b. no; yes 4. a.77.4K;90.2 K liquid because the temperature

is below its boiling point.

Defining Heat, p. 50

1. a.3.12x10°] d. yes; 2.62 x 10°] c. decreased by 3.92 x 10%7]
b.5.00 x 10*] 2. a.3.92x10*J;2.50x 10 J; d. increase by 3.92 x 10* J;
417 x10*] melting the ice

€. increase, 2.62 X 10° ]

b.07J;2.50 x 10°J;2.50 x 10 J

Changes in Temperature and Phase, p. 51

1. 1.04x10%) 4. 3-part graph with energy in joules on horizontal axis
and temperature in degrees celsius on the vertical axis:
graph goes up from {0 ], -25°C to 1.04 X 10° J, 0°C}, is
3.4.19%10°] horizontal until {7.70 x 1007, 0°C}, then goes up to
8.12x 10° J, 0°C}

2. 6.66x10°]

Mixed Review, pp. 53-54

1.a.78.5] €. 3.62°C d. (5.000 kg) (8.99 x 10 J/kg+°C)
b.78.5] d. 19.4°C (y-200°C
. all of th -
c. 51.2 J; less than loss in PE 3. a. They are at thermal equilibrium. e ?erfe dt freoillil}rlgeyv:iizsizrfhe

d.273] b. (100.0 — x)°C; (y — 20.0)°C pipe, no loss and no other
source of energy

2. a.226x107] c. (2.000 kg)(4.19 X 10° J/kg+°C)

-x)° f.72°C
b. 149 x 10° kg (100.0 - x)°C

Section Three—Study Guide Answers
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Thermodynamics

Relationships Between Heat and Work, p. 55

1. a.0.020 m° 2. a. yes, marble to water d. increase; more water, less ice
b.7.0x10%] b. no, AU by heat only e. no change, the cup is insulated
c. 2.0 X 10° J increase c. decrease; temperature dropped

The First Law of Thermodynamics, p. 56

1. a.-320] 2.a.0
b. The gas lost energy because AU was less than 0. b. 540 out
c. Student diagrams should show the W arrow and the c. Student diagrams should show the W arrow
Q arrow pointing OUT of the container. pointing IN and the Q arrow pointing OUT.

The Second Law of Thermodynamics, p. 57

1. a.8.0x10°] 2. a.7.00x10°] 3. a.5.0x10°]
b. 20% b. 1.30 X 10*] b.3.4x 10%]
c.32x10°N €. 4.0x10' m c. 1.9x10%]

Mixed Review, pp. 59-60

1. AU=700 ] increase 4. a. AU (compressed air) = W (added by person) —
Q (things warm up)

2. a.0.005 m’

b. Disorder is increased by increasing internal energy

3
b. 1.5x10°) through heat.
3
c. 1.5x107] 5. Graph bars should convey that: PE; = max, KE; =0,
3. a.5.00x10%] U;=0or U is any amount. Then, PE, = 0, KE, <;PE,,
i U, U, +3PE,. Then, PE; < PE}, KE3=0, U; = Uy,
b. 1.40x 10*] Last: PE4=0, KE,<>PE, and U, >2PE,.

I1I-12 Holt Physics Solution Manual
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Vibrations and Waves

Simple Harmonic Motion, p. 61

1.a.02lm d.0.50 m, 2.0, 0.5 Hz c.41.6N
b.2.0s 2. a.49.0N d. 159 cm
c.0.5Hz b.4.90x 10> N

Measuring Simple Harmonic Motion, p. 62

1. 0.1s,10 Hz 3. a.4.0Hz0.25s 5. a. 1267 kg, 5066 kg
2. a.5.0Hz b. 4.0 Hz,0.25 5, 5.0 cm b. increase
b. 10,70 4. 0.500 Hz, 2.00 s, 0.0621 m

Properties of Waves, p. 63

1.37.5m,250 m 2. a.0.02s 5% 10 Hz

b. 40.00 m, 2.000 X 10° m/s

Wave Interactions, p. 64

1. a. Students’ drawings of amplitudes should have 2.a.15s
magnitudes corresponding to 0.25 and 0.35.
b. 10.0 m
b. Students’ drawings should indicate constructive
interference, with a net amplitude of 0.60. C-yes
Mixed Review, pp. 65-66
1. @.0.20 5 5.0 Hz b.PE:0satA,1satC,2satA,3satC,4sat A; KE:

: : 0.5s,1.5s5,2.5s,3.5satB
b. same, same, increase, increase

€. 0.5s,2.5sat B to the right 1.5 5, 3.5 s at B to the left;

2. a.60.0 N/m 0s,25,4satA to theright, 15,3 s at C to the left

b. 0.574 seconds; 1.74 Hz 5. 3.00 x 10 m/s

2,
3. 6.58 m/s"; no 6. 3.05;6.0

4. a.A:0s,2s,45;B:0.55,1.55,2.55,3.55;C:1,3s
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Sound Waves, p. 67

Sound

1. 336 m/s C.3.515;0.234s
2. 1030 m d. 1.14 x 10* Hz (no Doppler effect because the train
3. 23,00 cm was stationary)
e. pitch decrease; same; increase
b. 1.50 cm

Sound Intensity and Resonance, p. 68

1. a.9.95x 107> t0 2.49 X 10~> W/m? €. 1.59 x 107> W/m?, about 70 b.3.14W

b.622x10 410276 x 1074 W/m?> 2. a.1.00x 1072 W/m?>

€. 5000 m

Harmonics, p. 69

1. a. 462 m/s

b. Student diagrams should show antinodes, nodes at
both ends; first has one antinode, second has two,
third has three.

€. 69.0 cm

b.

Check student graphs for accuracy. Wavelength of
first harmonic should be two wavelengths of second
harmonic, three wavelengths of third harmonic. The
second and third harmonics should have half the
amplitude. The resultant will be a wave with a large
maximum, a smaller peak, a small minimum, and a
large minimum.

2. a. 880 Hz, 1320 Hz, 1760 Hz

Mixed Review, pp. 71-72

1 2.19m;2.27 m 4.

. 1460 Hz, 2440 Hz

. a.
b. wavelength increases when temperature increases

T 90

. 70.8 cm, 23.6 cm, 14.1 cm

2. a. arrows pointing East on ambulance, police, and

.0.177 m

truck, West on van.

. 974 Hz, 1460 Hz; 70.8 cm, 35.4 cm, 23.6 cm; 0.354 m

b. police and ambulance (equal), truck, small car, van

5

3. These objects had the same natural frequency of
330 Hz, so resonance occurred.

T o 2 0

. 435 Hz, because it will also provide a difference

of 5 Hz.

I1I-14 Holt Physics Solution Manual
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Light and Reflection

Characteristics of Light, p. 73

1. a.499s 2. a.7.1x 10" Hz 6.7x 10" Hz; b. Frequency decreases when
b. 193 5.5% 10" Hz; 5.0 x 101 Hz; wavelength increases.
oS 43x 10" Hz
c. No, no

€. 1.97x10%s

Flat Mirrors, p. 74

1. a. Check student drawings for accuracy. Angles of e. The person will see the image by receiving reflected
reflection should be equal. Ray from C.
b. Extensions intersect on the normal through A, 25 cm f. angle at A close to 50°, angle at B close to 60°

inside the mirror.

g. The eraser’s image is 15 cm inside.

c. 50 cm

d. No, but the person will see image by receiving the
reflection of some other ray.

Curved Mirrors, p. 75

1. a. midpoint between mirror and O d. Image locations: B at 3.33 m inside the mirror; C at
2.00 m outside the mirror

b. markings should be at scale: 1 cm for I m

2. 2.60m;3.33 m; —2.00 m

c. A’s image is 2.6 m inside.

Color and Polarization, p. 76

1. a. all but green because green is 2. a. white 3. black
reflected
b. blue

b. red, because it lets the type of

light best absorbed by plants to ©- black
be transmitted d. black
Mixed Review, pp. 77-78
1.4.07x10"°m 6. a. Check student drawings for accuracy.
2.a.333x10°s b. B is 4 m from A horizontally, C is 2 m below B

o erticall
b.1.00x 10 m vertiea

§ c. D is 2 m below A vertically, E coincides with C
3.3.84x10°m

4. 300 % 1011 Hy d. they will overlap the existing images or objects

5. Diffuse reflection: (nonshiny surfaces) table top, floor,
walls, car paint, posters (answers will vary)

Specular reflection: metallic surfaces, water, mirrors
(answers will vary)
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7. a.9.00 cm

8. p=30.0 cm; g=—6.92 cm; virtual; upright; 1.38 cm tall

b. p=30.0 cm; g=12.9 cm; real; inverted; 2.58 cm tall

Pp=24.0 cm; g=—6.55 cm; virtual, upright; 1.64 cm tall

p=24.0 cm; g = 14.4 cm; real, inverted; 3.60 cm tall

p=18.0 cm; g=—-6.00 cm; virtual; upright; 2.00 cm tall

p=18.0 cm; g = 18.0 cm; real; inverted; 6.00 cm tall

p=12.0 cm; g=-5.14 cm; virtual; upright; 2.57 cm tall

p=12.0 cm; q=36.0 cm; real; inverted; 2.00 cm tall

p=06.0 cm; g=—3.6 cm; virtual; upright; 3.6 cm tall

p=06.0 cm; g =—18 cm; virtual; upright; 18 cm tall

I1I-16 Holt Physics Solution Manual
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Refraction, p. 79

Refraction

1. a.n=clv

b. 2.25 x 10® m/s

c. Angles inside glass: 25°, 35°, 40°; Angles coming out

of glass: 40°, 60°, 80°

2. a. 13.0°

b. 13.0°,20.0°

d. Student sketches should indicate that the rays exit-
ing the glass are parallel to the rays entering it.

Thin Lenses, p. 80

1. a. Check student diagrams. Rays should be drawn
straight, according to rules for ray tracing.

€. B is real, inverted, and smaller; C is virtual, upright,

and larger

b. A is real, inverted, and smaller.

. A:4.80 cm; B: 7.5 cm; C: —6.00 cm

Optical Phenomena, p. 81

1. a. 6,=55.8°

d. 6,=38.5% 6,=74.5% 6, = 33.4°

b. sin 6,=1.28 > 1: internal reflection

C. 6,=24.4°

angle will be refracted and exit

. 6,=48.8° the angle is too large, light with 45° incident

Mixed Review, pp. 83-84

1. a. Ray 1 at 45° Ray 2 at 14.9° . a.9.00cm
b. Rays should intersect inside the aquarium. b. 12.9 cm, 14.4 cm, 18.0 cm, 36.0 cm, —18.0 cm
c. Because the rays are no longer parallel, they will in- 2.58 cm, 3.6 cm, 6.00 cm, 18.0 cm, —18.0 cm

tersect in the water.

2. a. First boundary: 70.0°, 45.0°

real, real, real, real, virtual

Second boundary: 45.0°, 40.4°

. 18.0 cm, with all images virtual and on the left of the lens

Third boundary: 40.3°, 36.8°

-11.2,-10.3,-9.00, -7.20, —4.50

b. Incoming rays get closer and closer to the normal.
Reflected rays get farther away from the normal with
the same angles.

. @. 6.00 cm in front of the lens

b. 0.857 cm

Section Three—Study Guide Answers
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Interference, p. 85

Interference and
Diffraction

1.

a. First: 1.6°, Second: 3.2°, Third: 4.8°

2. a.475nm

b. Bright: 16.2°, 34.0°, 4.01°

b. 7.80°,11.7°,15.7°

c. A smaller slit results in more separation between
fringes. With 2 c¢m, fringes would be so close they
would not be distinguishable.

Diffraction, p. 86

1.

a.1.25x10°m

2. a. 1250 lines/cm

b. 18° spacing for 400 nm light and 34° for 700 nm
light. More lines per centimeter will give better
resolution

b. 4.4°,8.9°,13°

. 565 nm

Lasers, p. 87

. 438%10°m

1. Coherent light is individual light waves of the same wave- . Lasers convert light, electrical energy, or chemical
length that have the properties of a single light wave. energy into coherent light.
2. Student diagrams should show a coherent light source . Answers will vary. Examples are CD players, laser

with light waves moving in the same direction. The
incoherent light should have a light source with waves
radiating out in different directions.

scalpels, laser range finders.

Mixed Review, pp. 89-90

1.a.674x10°m c. White
b. 47.9° .a.A=50x10°m,B=1.1x10"m,C=33x10"m
c. The maximum angle for light to reach the screen in b. visible: A; x-ray: A, B, or C; IR: none
this arrangement is 45°. . a. Neither would work because they would act as dif-
2. a. Longer wavelengths are diffracted with a greater angle. ferent sources, so even with the same frequency, they

b. First order group of lines: blue, green, red; second
order: the same

should not be in phase.

b. Interference is occurring.

I1I-18 Holt Physics Solution Manual
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Electric Charge, p. 91

Electric Forces
and Fields

1. a. Experiment A, no charges were transferred. Experi-
ment B, charges were transferred between the sphere
and the ground. Experiment C, charges were trans-
ferred between the sphere and the rod

c. Sphere B has excess (—); Sphere C has excess (+)

d. Experiment A

b. Student diagrams should show: Sphere A, negative
charges (—) on the left, positive (+) on the right; Sphere
B, excess (—) all over; Sphere C, excess (+) all over.

€. no change in Experiment A or Experiment B; re-
duced charge in Experiment C

Electric Force, p. 92

1. a.20.0 cm f. 36.9°
b. 0.899 N (attraction along the line g; — g3) g: F1,=-0.719 N; F,=0.719 N; F;,=-0.540 N;
c. 0.899 N (attraction along the line g; — g,) Fay=-0540N
d. 1.40 N repulsion pulling to the right h. ~1.08 N pointing down

1]

. Student diagrams should show F; pointing from g;
toward q; and F, pointing from g3 toward g5.

i. downward along the y-axis

The Electric Field, p. 93

1. a.21.2cm

b. all same strength of 1.60 x 10~ N/C along the diag-
onal lines, with E; pointing away from ¢;, E, from
q>, E3 from g3, and E4 from g

. 4.61 x 107" N down

. 4.61x 107 N up

.1.44x10718 C

c. Resultant electric field E =0

ei0 T

. 9 electrons

Mixed Review, pp. 95-96

1. a. A;1.87 x 103 electrons; B: 3.12 x 10"3 electrons

L1.92x10'°N

b. the forces are equal and opposite, no

. 2.87 % 10'% m/s?

T o

2. a. Resultant =1.49 N, left; F(A-C) =1.35 N, left;
F(B-C) =0.140 N, left

. 9.81 m/s% this is negligible in comparison with the
acceleration g; alpha particles will move horizontally

0

b. Resultant = 0.788 N, right; F(A-C) = 1.35 N, right;
F(B-C) =0.562 N, left

4. a. Check students diagrams for accuracy.

c. Resultant = 0.400 N, left; F(A-C) = 0.599 N, right;
F(B-C) =0.999 N, left

b.1.53x 102N

c.7.65%x 10° N/C

5.1C=6.25x10'%1uC=6.25x10"
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Electric Potential, p. 97

Electrical Energy
and Current

1. 2.8.99%x10°V y=10.0cm; V=3.32x10"V x=10.0cm; V=4.28x10°V
b. y=-10.0 cm; V=3.33x 10°V C.x=-100cm; V=428x10°V 2. a.216x10°V
y=-2.00 cm; V=28.08 X 10° V x=-2.00 cm; V=1.20 x 10°V b. 0
y=2.00 cm; V=8.08 X 10° V x=2.00 cm; V=1.20%10°V c.0

Capacitance, p. 98

1. pF= 10712 F;nF= 1077 FuC= 10°° C; Farads measure
the ratio of charge to potential difference. Coulombs
measure the amount of charge.

3. a.4.00x 10/ F=4.00 X 10° nF

2. 1 pF < 1 nF The 1 pF capacitor has a higher potential
difference (1000 times) because AV =Q/C

b. Capacitance does not change. Charge doubles (Q is

proportional to AV, AV doubled and C was the same)

€.5.00x10727;2.00x 10'

Current and Resistance, p. 99

1.250x 107 A 3. a. 1.80 % 1072 A; 1.80 A; 1.80 X 5. a. 343 Q10286 Q
2.a.320s 10°A b.R>285Q

b. 320 s b. C (smaller resistor) e R< 3870

4. 134V
c.320s
Electric Power, p. 100

1. a.932 W 2. a.417W 3.a.5.1Q

b. 1.68x 10" ] = 4.66 kWh b.35A b.24 A

c€.32.6¢

Mixed Review, pp. 101-102

1. a.-1.28 x 107" J; decreases 3. a.2.00x 10’V
b. 1.28 x 10" '° J; increases b.4.00x107°]
c.5.3 %10 m/s 4. a.48A

2. a.5.000 x 10° V/m; yes, the field is constant b.8.64x10*C
b. AV(+plate, A) =50.0 V; AV(+plate, B) = 1.50 X c. 580 W

10° V; AV(+plate, C) = 2.50 x 10>V 4. 10%157]
' ST
Y S AT
PE at negative plate=0] b. 864 W
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Circuits and
Circuit Elements

Schematic Diagrams and Circuits, p. 103

1. a. Check student diagrams, which should contain 2 b. Students should connect one end of B to the battery,
bulbs, 2 resistors, 3 switches, and 1 battery, in a the other to the switch, then the other end of the
closed cirucit. switch to the battery. Bulb A should simply be left

. . ; out with no connections.
b. Check student diagrams to be certain that the switches

labeled S1 and S2 cause short circuits when closed. c. Students should connect each end of B to one end of

the battery, the other to the switch, then the other
end of the switch to the battery. Also each end of A
should be connected to an end of the battery.

c. Check student diagrams to be certain that switch S3
causes a short circuit when closed.

2. a. Students should connect one end of bulb A to the
battery, the other to the switch, then the other end of
the switch to the battery. Also connect one end of B
to the battery, and the other end of B to the switch.

Resistors in Series or in Parallel, p. 104

1. a.16.0Q 2. a.3.00Q C.4A I;=1A,=3A

b. 0.750 A for both b. 12V d. 120V

€. 12.0V;9.0V;3.0V

Complex Resistor Combinations, p. 105

1. a.40Q 2. a. Check diagram
b. I,=I,=1.=0.600 A; I;=I,= I;=0.200 A; b. 54 Q; I,=I,=1.=I;=0.444 A; [;=,= 0.222 A;
AV, = AV} =AV,=7.20 V; AVy= AV, = AV; =240V AV, = AV} =AV,= AV} =5.33 V; AV = AV, = 2.67V

Mixed Review, pp. 107-108

1. a.D b. 15Q
b. switch 5 c.6Q
c. ¢ switches 1 and 3 open, switches 2, 4, and 5 closed 3. a. Check students diagrams.
o switches 1 and 4 open, switches 2, 3, and 5 closed b. 120V, 120V
e switch 2 open, switches 1, 3, 4, and 5 closed; or c.0.25A,2.25A
switches 3 and 4 open, switches 1, 2, and 5 closed; d. 5330
or switches 2, 3, and 4 open, switches 1 and 5 closed e
2. a. Check students’ diagrams, which should show a 4. a.R=6.15Q
bulb and a resistor in series with a battery. b. R=304Q

Section Three—Study Guide Answers

n-21




Study Guide Answers

Magnets and Magnetic Fields, p. 109

Magnetism

1. a. No

b. No

2.

Arrows should point away from S, toward N, building a
composite picture of the magnetic field.

©. Magnet: A; Iron: B and C.

Magnetism from Electricity, p. 110

. Arrows should point away from S, toward N, mostly in

the area between the ends of the magnet and around it.

1. a. the field at A, B, C is pointing out (dot symbol); the

field at D, E, F is pointing in (X symbol).

. the strength at point A is weaker than B, C, D or E, and

about equal to that at F.

b. all reversed: the field at A, B, C is pointing in (X sym-
bol); the field at D, E, F is pointing out (dot symbol)

. All directions of field are opposite to the answers in

questions 1. The relative strengths remain the same.

Magnetic Force, p. 111

1.

a. v-arrow to the right, B-arrow upward

. @. v-arrow to the right, B-arrow upward

b. & F=4.8 x 10"'* N, upward, out of the page

b. & F=9.6 x 104 N, upward, out of the page

c.0

c.0

2. a. v-arrow to the left, B-arrow upward

b.x;F=4.8x 107 N, downward, into the page

c.0

. No. When the force is not zero, it acts perpendicular to

velocity. They move in a circle perpendicular to the
magnetic field.

Mixed Review, pp. 113-114

1.

a. The magnetic field from the leftmost segment is @
and stronger. The magnetic field from the rightmost
segment is X and weaker.

. inside

®

o

. F=4.3 N into the page

b. At A, both horizontal segments contribute a x
magnetic field of equal strength

-2

.F=0

c. B; x; X weaker; X; X same

. Diagrams should show clockwise current.

C; X; X same; X; X same

b. Starting from the left side: F=1.1 N into the page;
F=0; F=1.1 N out of the page; F=0

D; X; X stronger; X; X same

E; X; e stronger; X; X same

c. Forces are equal and opposite, so no translational
motion will occur, but it could rotate around a verti-
cal axis.

d. No. They reinforce each other in the same direction.
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Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Study Guide Answers

Electromagnetic
Induction

Electricity from Magnetism, p. 115

1. side a: none, down, down, none, none 3. a.2.56x 102 m?
side b: none, none, none, none, none b.2.0s
S 2
side c: none, none, down, down, none c.20x10°V
side d: none, none, none, none, none d.5.7x1072A
2. none, clockwise, none, counterclockwise, none

Generators, Motors, and Mutual Inductance, p. 116

1.

AtoB

3. a. horizontal

c.0.25s

2.

increase, increase, increase b. vertical

d.1.9x107°V

AC Circuits and Transformers, p. 117

1

. down through primary coil, and up elsewhere, includ-

ing through the secondary coil

4. no change in field

2.

a— b+

5. disappearing field is a change which secondary coil
opposes

3.

24V

Electromagnetic Waves, p. 118

. The electromagnetic spectrum

-2

. photography, medical, security screening

. “High energy” should be on the right side; “low energy”

should be on the left side

. disinfection, science, astronomy, dentistry

. Both wavelength and frequency, and wavelength and

energy, show an inverse relationship, that is, as one
factor increases, the other decreases. Frequency and
energy display a direct relationship, that is, both factors
increase or decrease together.

ovens, communication, cell phones, radar

. light bulbs, lasers, art, science

= 0 Q0

communication, television, astronomy

. medicine, astronomy, scientific research

. Answers may include one or more of the following:

a. heat lamps, remote controls, burglar alarms,
night-vision goggles

Mixed Review, pp. 119-120

1.

(S

. magnetic field, conductor, relative motion

2.

a.0.50s

b.0.26 m’

c.2.6V

b. answers may vary, but could include the following:
water wheel, windmill, electric motor, combustion
engine

. 6.28 rad/s

. 7.1x 1072 m?

-2
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c.110V

6. a. increases

d. 78V

b. induces current while change occurs

5. A motor converts electric energy to rotational energy;
generators converts rotational energy to electric energy.

c. It decreases magnetic field which will induce a cur-
rent while the change occurs.
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Quantization of Energy, p. 121

Atomic Physics

1. a. This implies that there is an in-
finite energy output.

c. As wavelength gets shorter, en-
ergy in photon gets smaller.

b.1.8x 1072 ev

3. a. hf,= hf— KE, .

b. quantization of energy

2. a.29x107°1g

b.2.30eV

Models of the Atom, p. 122

1. small positively charged nucleus and electrons in
planetary orbits

. Most atoms went through.

2. He expected diffuse positive charge with no scattering.

. As electrons radiated energy, they would spiral in to-

ward nucleus.

Quantum Mechanics, p. 123

1. a. light radiating from the sun to Earth

b.541x10%m

b. light scattering off electrons

c.84%x10" m

2. The precision of measurements for very small objects is
relatively less than the precision of measurements of
very large objects.

d.3.7x10°m

3.a.147x10 % m

. It allowed for electron uncertainty and gave electrons

probable but not definite orbits.

Mixed Review, pp. 125-126

1. There is not enough energy in any individual photon to
liberate the electron.

. a. Simultaneous measurements of position and mo-

mentum cannot be completely certain.

2. Some energy is used in liberating the electron.

3. a. Atoms contained areas of dense positive charge.

b. A theory of distinct orbits would require precise
knowledge of their location at any given time.

b. The foil is mostly empty space.

. A photon does not measurably deflect a planet.

4.a.15x10°m

. 1.16x10° m

b.53x10%m

. No electrons were ejected.

c. The wavelength is too small to detect.

. It is absorbed by atoms into vibrational motion, etc.

©C 0 0O N O

. Energy is observed in increased temperature.
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Subatomic Physics

The Nucleus, p. 127

1. a. 16 e. Energy is required to separate the nucleus.
b. 8 f. No, it is the same element but a different isotope.
c. 16 2. a. strong interaction
d. 2.81 MeV b. decreases

Nuclear Decay, p. 128

1. alpha—helium nucleus; beta— c. Np-238 5. half-life = 0.693/decay constant
electron or positron; gamma— d. U235 6. 0,050 1
photons
. . . 7
2. a. O-17 3. It is the time required for half of 7.3.15%x10"s
the sample to decay.
8. 25.0% or 1/4

b. Th-231

4. Tt gives decay rate for sample.

Nuclear Reactions, p. 129

1. a. fission

e. more fission

b. proton and helium-3 nucleus

b. neutron and uranium nucleus

€. barium, krypton, and 3 neutrons

f. It has high energy output. In a
nuclear reactor, the high heat
leads to a meltdown.

c. alpha (He-4), positron and
neutrino

d. yes

d. yes 2. a. fusion

Particle Physics, p. 130

1. Strong: 1, hold nucleons, 10> m; electromagnetic:
10_2, charged particles, 1/r2; weak: 10_13, fission,
10718 m; gravitational: 10_38, all mass, 1/r?

3. a. It can unify weak and electromagnetic interactions
at high energy.

b. It requires very high energy interaction (1 TeV).

2. a. graviton; W and Z bosons; photons; gluons

b. graviton

Mixed Review, pp. 131-132

1. a. 143 2. a. atomic number b. one higher

b. 146 b. number of neutrons c. New one is higher; otherwise, it

wouldn’t decay.
c. 146 c. same number of neutrons th

; ; d. new one
d.1 d. different atomic numbers v
T 4. gravitational interaction
e.2 e. Both pairs increase mass by
£ s one amu. 5. No, there are not enough nucleons
. ; ; : to form an alpha particle.
0 f. First pair are isotopes; second
9g- pair are different elements. 6. mass and charge
h. 22 3. a. almost the same
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