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Student Edition Solutions

Momentum
and Collisions

Momentum and Collisions, Practice A

Givens Solutions
1. m=146kg p =mv=(146 kg)(17 m/s south)
v =17 m/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) — ( g)(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

v =22 m/s to the south
=-22m/s Ap = | 16 kgem/s to the south
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Givens

4. m=0.50 kg
F; =3.00 N to the right
At;=150s
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 FyAty)+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

vgy = | 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 5)
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)(Af) =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 cast
vi=0m/s
At=5.33s

b. Ax =5(v; +vp) (A1) =3(~20.0 m/s + 0 m/s)(5.33 5) =—53.3 m

Ax = |53.3 m to the west
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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

= | 13x10°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)(0.m/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 =it vai— v =120m/s+0m/s -0 m/s =
vy p=0m/s

vy f=24m/s b. U =Vt Vo~V =12.0m/s+0m/s — 2.4 m/s =
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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 MMVLIT 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=
v3i=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;=1500kg vem VLT MV (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
=-15.0m/s
1500 kg)(—15.0 m/
Ve ( & 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
=0 ms PO IR B s
= ok
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+vas) 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
vai=0m/s
b. AKE= KE;— KE;
1 2,1 2_ 1 2,1 2
KEj=smyu, i +3mpvyi-=5(0.25 kg) (=12 m/s)” + 5(6.8 kg) (0 m/s)
KE;=18]+0J=18]
KEf=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)? + %(0.15 kg)(0 m/s)?
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]J-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)vi* =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 +Vai— 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 (m vy g+ movy g — myvy )
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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Givens Solutions
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 ¢

KEy=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]=[1.3x10%]]

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

My, £+ MoV §— 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

V,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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Momentum and Collisions, Section 3 Review

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° .

3. m;=m,=0.40 kg

vy;=0m/s
vy;=3.5m/s
vy f=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 =3myu; ;> =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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Givens

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
v2,¢=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 mg 55 kg
v,i=0m/s

V£ = 36 m/s to the north

vy,£=|0.037 m/s to the south

Section One—Student Edition Solutions
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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=3.0kg ! mp+my 4.0kg+3.0kg
V=50 m/s - 2.0x 10" kgem/s + (—12 kgem/s) _8kgem/s o
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 e (1.20 kg)(5.00 m/s) _ 300
Y™
v5;=0m/s
30. m;=2.00 x 10* kg a. iy- 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= KEf - KE;
_1 2,1 2_1 4 2,1 4 2
KE;=sm 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 107 ).

31. m;=88kg ay mpvy;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+ iy 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]+440]=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%x10"]

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=5mpvp ¢~ —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 U= v =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.
Vy,i = 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 k 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=-{P)2 =P
2\v 2

2KE  (2)(1507)

v= =—"" "7 —|1.0x10" m/s
30.0 kgem/s

p
30.0 kgem/
m=£— gms—3.0kg
v

T 1L0x10tm/s
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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
Vf=V1;0r V7 ;= 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 + mvg—myvy ;

vy, i=
mj

(5.5g+22.6 g)(1kg/10° g)(4.5 rn/s) —(22.6 X 107 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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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=10.0m/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
=-10.0 m/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; = PEf
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
" & Vi,£= CAL:T ( 8l ) =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

Section One—Student Edition Solutions

I Ch. 6-13



Givens Solutions

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 my 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(m;+ 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/s9)(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 n 1.okg
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 p=v) i+ v3;— 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 1 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 = +V2aAy = +1/(2)(9.81 m/s2)(=3.00 m) = +7.67 m/s = —7.67 m/s
Ay=-3. . .
4 3.00m Because the initial momentum is zero,

my=5.98 x 10 kg
mivyf=—malsf

v ;=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 107" 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=(8.4% 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+ P =/(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,5 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

Section One—Student Edition Solutions 1 Ch. 6-15



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, = 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 =|2.5m/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=0mis 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 x 10~ m/s)’
m;=0.600 kg KE;=9.8 %10 kgem’/s” +2.35 x 10~* kgem?/s”
V2= 2.80 X 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—myvz;  (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
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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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