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Student Edition Solutions

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— = =|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 =6.7x 10 " 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=289.5 km/h north Ax =0 At= V(AL = Atypgy)
Vayg=77.8 km/h north AH(Vgyg— V) = —VAtpg

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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Givens Solutions

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 mis)| ——| (=
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 Varg= ‘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. 0,,,=—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
~ fnupwar Because ;=0 m/s, a :A_tj:: % ={6.2m/s upward
0s

At=2.0s

v;=0m/s
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Givens Solutions
17. Ax=+42.0 1h \2/10° m\2
* m ., lOkm/m)>?-(153.0 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

Aty = At,—2.00 min

Ax;=Axp+20.0 cm = Axpge

Axy=vAt,

Axy, = vpAty, = vy, (At,— 2.00 min)
Axy= Axppe = Axp +20.0 cm

vy Aty = vy, (At;— 2.00 min) + 20.0 cm

Aty (v,— vy) = =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 190 10%ecm/s  —1.90% 10 cm/s

22.

Axpgee= Ax;
v,=10.0 cm/s

At,=126s

Axypee = Ax, = v Aty = (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 km/h)(—

1h )(103 m)
3600s)\ 1 km >

27. a=4.88 m/s®
Ax=183m

v;=0m/s

Because v;=0 m/s,

_ fpAx_ [@)(183m)
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
2 2 [(Okm/h)z—(S0.0km/h)Z]( Lh )2(10 m>2

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>
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1 1

32. v;=4.42m/s Ax= Z/iAt+5aAt2 =(4.42m/s)(5.9s) +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 =35 m/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

Agpg=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 vy 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 WAL At 0.021 s 0.021's
vp=11.5m/s backward _[- 2 2
2 15 ms Aayg 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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Givens Solutions

1 1
42, y;=0m/s Because v;=0 m/s, Ax:EaAtz :5(—9.81 m/sz)(Z.O 3)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 vp—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
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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={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°
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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

Axor = Ax;+ Axy + Axz=—4.1 km + 0 km + (—0.42 km) =—4.5 km

Ayir=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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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. 1;=23.1m/s
AYpax=16.9 m
¢=9.81 m/s?

V),,fz - 1/),,,-2 =-2gAy

At maximum height, v,

Vyi = vi(sin 0) = v/2gAYjax
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, — V3. =286 km/h — 252 km/h = 34 km/h
Ax 0.750 k
Ar=2X PN 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
6= 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,=1v/(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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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 65) = (14 km)[sin(-104°)] =—14 km
Axor= Ax;+ Axy+ Ax3=44 km + 4.9 km + (3.4 km) = 46 km

Ayior=Ay1+ Ay, + Ays=—12 km + (=21 km) + (-14 km) = —47 km

d=1/(Ax)? + (Ayron)? = /(46 km)? + (=47 km)? = /2.1 x 10° km® + 2.2 x 10° km?
=,/4.3 % 10° km?

A —47 k
f=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
Ar= |2
—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|22
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 20 m/)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=155.0 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=1| 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 65) = (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 )
Axpor 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/(Ax0)? + (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, =853 m/s

Solutions

WAy Ax
A= [

-8 Ux
Ay=-1.
e A P _ (853 mps) [RL0M _ 7y
x=v, |—=(853m/s) |——5— =472 m
g=9.81 m/s* V¢ 081 m/
|range ofarr0w=47.2m|
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 s)

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) vi(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 = Vfe=—87 km/h

Uy, fe=Vy, foF Uy, ce= Ve =+145 km/h

Ax=wv, , At= (=87 km/h)(10” m/km)(1 h/3600 5)(0.45 5) =—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 =y, bw + Uy, we = Vw + V(SN 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
Vpe =y (W, 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”™! Z13.0kan/hy =-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°

Fo ner = 2F,= Fy(cos ;) + F(cos 6,)

Fyper = (7.5 % 10* N)(cos 90.0°) + (9.5 x 10* N)(cos 165.0°)
Fyper =—9.2x10°N

Fyper = 2F,= F(sin 6;) + F,(sin 6))

Fypper = (7.5 x 10* N)(sin 90.0°) + (9.5 x 10" N)(sin 165.0°)

Fpper =7.5% 10N +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=790N = 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 g = 21 = =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° Fi= 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. 6 =5.0° Fep=mg(sin 0) — F=0
Fi= i 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°
ag=9.81 m/s
94. m=18x10° kg Fy imax = s Fy = ts 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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Givens

96.

Fappliea=5-0 N to the left
m=1.35kg

(per=0.76 m/s* to the left

Solutions

Foep =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, = F(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 x 102 N)(sin 0.00°) + (6.75 x 10> N)[sin (~30.0°)]
6,=0.00° Fyper =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 PO Y —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 om/ 20y (2)(1.9m)  0.66m/s2
At=24s COMEV = RIS et = Ty = T gz 0
v;=0m/s Fer=m a,,,=(2.0kg)(0.66 m/s) =1.3 N
Fper=|1.3 N upward
101. At=1.0m/ Av_10mS oo mis
. At=1. App=— = =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 Fot 3.0N
el -15 k
Fupnin=15.0N Ay 0.20 m/s’ g
102. mgy, =47 kg F= i By = li{mggeq + 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 0) — 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 ) = Fypplieg — mg(sin 0)
g=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

Fiownward 426 107 N 3
Fy= = ={1.7x10°N
L 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. Fyppiica=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

Fp 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°
Fpet —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= Fi1(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 0) _ 4.1x 10° N = (5.1 x 10> kg)(9.81 m/s?) (sin 14°)
s mg(cos 6) - (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;=88.9m/s W= Fd(cos 6)
vf=0 m/s F=ma
At=0.181s g B _vrvi
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=3 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=|4.25%x10%]

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 x 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 % 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%]
=== - |51x10°N
p i 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 10 2 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= 131 % 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}
vp=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= KEr— KE =~y — 2
135. ;= 2.40 x 10> km/h Wier= AKE= KEy — KE; =3 mvy” - v;
vy =0km/h Wt = Fpie d (cos 0) = ma,,,; d(cos 6)
A= 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)

V Apx I-22 Holt Physics Solution Manual

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



Givens Solutions

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 = Fer 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) = (3.0 x 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,
KEgpy=1.09%1074] KE¢ar= PEolagtic=73 kx
Lo 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’ # (125 m/s)? -
h= =— - = -7.96 m
2 (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 mvj -3 mv}
Fyying=4.00 X 10° N Wor = Eyr d (05 6) = E, jg d(cos 6)
d=0.90 km % mvf2 —% mv? = F,qd (cos 6)
vi=0m/s _ 2Fyad(cos6) 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

vp=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 C—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)](lO3 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
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 —mup  (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;j=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

KEf =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 8)(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, =1, 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

vy, ¢= 6.9 km/h to the
south =—6.9 km/h

Solutions
Momentum conservation
MV, MpVp i = M Vy 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
VLi= 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"kg=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 — my;= FAt
F=-15N o~ FAt_ (60.0x 10 kg) (0 m/s) — (-1.5N)(0.255) _ (15 N)(0.255)
At=025s ' m 60.0 X 10 kg 60.0x 107 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= Fappiie(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

Ap2 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

—126x 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— MVei (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-Va2 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+ MpVp = 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+m,;  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+mpvg—mpy; (45 kg + 1.3 kg)(0.83 m/s) — (4.5 kg)(0 m/s)
1/2) L= =
v ;=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,  +5mu, # =5(4.5 kg) (0 m/s)” +3(1.3 kg) (3.7 m/s)?
KE;=0]+8.9]=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 — KEj=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
V= = =-1.91 m/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 + 3movy, = 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)v = 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]

V Apx I-30 Holt Physics Solution Manual

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



Givens Solutions

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
MuVy §— My 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= 221 22 _ ( &) )= ( &) ) = gormys
——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 my) ~ 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
e 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+7.2x 10> 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,i+ 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 Vo= 20T _T58 cm/s to the right
T 200g
187. v;,;=5.0 m/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;=~(my + mwi— (S + Smn?
= KEf— KE;=—(m; + mp)vy™— | —=myv;;” +—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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Givens

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 i(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°)

V3, £=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 65 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, 7(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=10.5]J+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 —5Mivy, 3 2,
V2, i= Vs f f Va3 i= Vs f f

2 2 2 2

v1, i (o i= v P+ (vy, = vy, i va = vy (Vo i— Vo P+ (Vg = vp s f
2 2 2 2 2 2 2

(vi,ivy it vy pvn i — vy ive i —vif v it v (v — vy ) =va (v = vy 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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Givens Solutions
2 2
= =0 124 m/
191. r=38lm 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‘Il/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 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())( i 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 102N For? 2 9 2
4 = Gg _ (1.636x10 N)(;071><10 m)? L8 107 kg
mj

=1.90x 10*" k Ne
i 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
=13Xx10"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 2.27 % 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=—=—"——>5-=[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) = tyymg(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=6.05x10°N+2.02x 10° N

F=[8.07x10°N

Fc=F=8.07x10°N

R [8.07%10° N)(35.0m)
. 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=6.673x107""

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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Givens Solutions

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 - T
g=9.81 m/s Psw  Pow
Vo
Ay ApPsy

1.47 x 10° kg
h= =|0.574m
(2.50 % 10° m?)(1.025 x 10° kg/m°)
2
224. A=1.54m 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=13.6 %10 kg/m’
g=9.81 m/s”

F mg mgh mgh
A A ALV

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?

F,= 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% 10> 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. pplatinum=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= OBOBM)OIM) _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

Cpt=—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 pwmATy, (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

—¢p,imiATi= ¢y AT,
. o uwmyAT,, _ (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= —=—""—=[189x 107 m
P 250x10*Pa

253. AU=873] AV=0,50 W=0]
AU=Q-W
Q=AU+ W=873]+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] +192kJ = | 978 kJ
263. Q=0632LJ AU=Q- W=632k]—102k]=5.30><102k]:
W=102k
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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 102 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 = Sovm

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*
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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) -
= = = = 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)(5.1x10° 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
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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 |-=-
¢=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
4r“f (477)(0.79 Hz)

286. f=87N

2m\2 [ f\[27x)\? 87N 2 \?
B k=l ZZ) = (L) 28} = (22 ) (22 ) =850 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 am (050 m)?
292. Intensity=4.5 X 1074 W/m2 . P
Intensn‘yz—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, | (@)(153m)( )
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
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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 10" 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 =5 =|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 n
m M=L-_4
M=0.11 h o p

q=—-42cm=-0.42m

h’:Mh:(O.ll)(1.75m)=

309. M=0.11
q=—42cm=-0.42m
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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 L1 1110059 019 013
p=17cm f p ¢q 17cm -52cm lcm lcm lcm
-
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317. g=-52cm
p=17cm
h=3.2cm

Solutions

, qh (=5.2 cm)(3.2 cm)
W=—-—=-———"—"—"—"=/098cm
; o

318. 1=5.291770x 10! m

8
c 3.00 X 10° m/s

f=o= —1— =1 5.67x 10" Hz
A 5291770107 ' m

319. f=2.85x10° Hz

3.00x 10% m/
1=5= mrs

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= -15cm
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 0.062 —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 300cm 3.00x10*cm
1 0.0333  0.00333  0.0300
q 1cm 1 cm 1cm
-
332. f=-63cm 1 1 1 1 1 _ 0159 0196  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=—=—5—= 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
W =-9.0cm
f=60cm q=—-Mp=—(~0.50)p=(0.50)p
L U S R W . 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
; .

. 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 T
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=5875x10" 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 (3.1 _ ¢ 7 %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

0=175.76°

P (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

Section One—Student Edition Solutions

V Apx I-53



Givens Solutions

364. 1950 lines/cm m=1: 6; =sin"' (mA/d)

A=4973x10" m 0, =sin"'[(1)(4.973 % 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 ) (3.92x10°°m) sin (13.1°
A= (in6) _ € m) sin (13.1) =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 0.163X 10> m
m=1 .
0 =sin"1 0.00396 = |0.227°
368. 1=656.3 ! ! 9
» A=0656.5 nm m+£ A 3+5 (656.3x 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=—— = - =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 kodigz

. 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"%m

Felectric =

ko=8.99 x 10° Nem?/C?
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372. q,=-8.0x107°C
=+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=| 1.4X 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° Noem?/C?)(=1.30 x 10~ C)(=1.60 X 10 C)
‘r: =
Felectric \/ 125N

r=0.387 m=

375. 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 1077 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)?

Fj,=5.99% 107 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=12;=152x10"m

kc=18.99 % 10° Nem?%/C?

Pp=4q91=42=93= 44
r3=4/(1.52x 107 m)? + (1.52x 107 m)*=2.15x 107 m

keap®  (8.99x 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

1.52x10° m

Fyp Fe=0N

F,=996x10"''N
F3 12 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

Fuir=9.96x 107""N+352x 107" N+0N=1.35x10""N

Fior =y (P o) + (Ey o) =4/(1.35x 1070 N)? + (1.35 x 10710 N)?

Fop=]1.91x1071'N
—10
135x 107N
-1
=tan”{[—————|=45.0°
¢ (1.35><10‘“’N>

_ _ _ -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
=2.24
m FIZ,)/ZON
kc=8.99 x 10° Nem?/C? o o .
k (8.99 x 10” Nem?/C*)(2.0 x 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= Fi3c08 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=/(Fxi00” + (Fp00)” =y/(3.9 X 10 N)? + (6.4 x 107 N)?

Fopp=|4.0x10°N

F 64x107°N
o= t(L> _ t<7> _[o°

'« fo 3.9x10°N
378. q;=72nC The charge, g3, must be between the charges to achieve electrostatic equilibrium.

42=6.7nC _ keaias 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;=6.0 uC

q>=-12.0 uC

q3=06.0 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
= eric
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 Felarric
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

=1.80x 10° N/C

keq, (899 % 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;=9.99x107C
4,=3.33x107C
Felectrie=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
q3=2.99%x1071°C
r1.,=0.500 m
r;3=1.00m

kc=8.99 % 10° Nem?%/C?

Solutions

b keditr _ (899 10° Nem?/C?)(=2.34 x 107° 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,

ot =—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?

keqigy  (8.99x 10° Nem?/C?)(—9.00 X 1072 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
F15 F,=0N
F,=—629x10°N

Fior=1/(1.62x 107 N)? + (=6.29 X 10 ° N)? = [ 1.74x 10/ N

F,ot 1s negative because the larger, y-component of the force is negative.

—8
—629x 10N
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

Fis3+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)
XxX=

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
By +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

Eyor=4.32 % 10° N/C + 8.19 X 10° N/C = 4.40 x 10° N/C

%
2 2
Eror=v(Extor + (Ej100)

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?
=-1.60x10""7C
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 Fotoctric = 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 ke (8:99x10” Nem?/C*)(-1.60 x 107" C)° e
ey ;  BeshETr 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 1072 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 107 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 107N +2.52x 107 N+0N=341x10""N

Flipr=891x 10 N+0N+252x10""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
Y (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

kcaiqs
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,jpetric = —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= =——=|L7X10°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 10> N/C

410. g=-14nC=-14x10"°C - APEaecic _ 21%x107°7
F=156 N/C —qE —(=14% 1072 C)(156 N/C)

—6
APEjoctric=2.1X10""] d=10.96 m=96 cm
411. C=50%x10"F Q 60x107*C
AV===—""———=|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/Nem2)(6.4 X 107> m?)
C=455%x 10" F S Cc 455x 107 F

d=12x10"m

-5
414. C=14x10"F Q=CAV=(14x107F)(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) (155) =
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. 1=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 R, 39Q 8Q 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 1a
R,=680 Ry 1 1 1 1
V=15V Ry=| 110
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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
=
1=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 30V
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
2 AV v\ [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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\'4 \'4
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:
Reyg=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
TRy 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
@ 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=Ip | ——] = (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 = QB = (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
Frnagnetic =1.9% 107 N

F, ; 19%x 1072 N
B= 8 o — ——=[3.0x107"0T
(1.60 x 1077 C)(3.9 x 10° m/s)

qv

451. g=1.60x10"C
B=5.0x10"T
Frpagneric =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 107" T)(10.0 A)
T=10.0A
—2
455. /=12 m B= Finagnetic _ 73x107°N _
I=12A i (12A)(12 m)
Frnagnetic =73 X 107> N
456. q=1.60x 1077 C F, ; 37x 10PN
q ) B= magnetic _ - . ~los0T
v=7.8x10"m/s qu (1.60 x 102 C)(7.8 x 10° m/s)

Frnagnetic =3.7x 107> N

457.

g=1.60x10""C Fpnagneric= quB=(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 32x1072N 5
v= = =[2x10"m/s
qB (1.60x 107 C)(1x 1078 T)

g=1.60x10""C
Frnagnetic =32 107N

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=Beos 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’ ~ —NAAcosf —NA[cos8— cos ;]
6,=0° oo (3.0V)(0.05'5)
6 =90.0° —(540)(0.016 m?)[cos 90.0° — cos 0°]
At=0.05s —

B=|17x10"T
=307
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462.

N =550 turns
A=5.0%10" m?
AB=25%X107"*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=125x10"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
I, =— — " _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)
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472. N=320 turns _ emfAt B emf At
6,=0.0° —NA(Bcos 6)  —NB(cos 60— 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 X 1074 T)(cos 0°)
9=0° mf: 5
1.9%x10 ~s
At=1.9%10"s
R=1.0x10°Q emf=0.25V
emf 025V 3
I= o = 2 =[25x10° A=25mA]
R 1.0 X 10°Q
474.1,, =12A AV, =0.707 V,0 = 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=5.27x 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% 1% 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+s)( = ) 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 x 1072*J#3)(3.00 x 10% m/s)
KE, 0 = — o —23eV
2.4 %107 m)(1.60 x 1077 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)

=3.0x 107 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°mls) _ e 167195
=4308x107 m A 4.308% 107 m
487. E=1.78 ¢V E  (1.78eV)(1.60 x 107"? J/eV
¢ =Ll TBVIAG0X N0 TJIEV) 50 ot
h 6.63x 107%Jes
488. [=3.1x10"°eV he  (6.63 X 10724 J5)(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*J5)(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"7 m
v=35m/s my (7.6 x 10" kg)(35 m/s)
494. hf,=5.0eV he  (6.63x1072%708)(3.00 x 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 10724 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%x10"% 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
629295990 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. 212Po — 7+ 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
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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 825u

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

mp 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"!
Ne32 % 10° Ty (27y)(3156x 107 sly)
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