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= (725 kg)(115 kmlh)

(1000mX )
1 km 3600 s

= 2.32x10* kg-m/s eastward

3w,

ha

(2.32x104 kg-m/s “W“I 1 km )

1h A1000 m
2175 kg

= 38.4 km/h eastward
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Before After
BBe——r EDe—r
n— e impulse = FAt
p; = 2.32x10* kg-m/s eastward = (—5.0x10° N){2.0 5)
FAt = Ap = p; — p; = —1.0x10* N-s
Py = FAt + p; The impulse is directed westward
= —1.0x10* kg-m/s + and has a magnitude of 1.0x10* N-s.

2.32x10% kg-m/s
= 1.3x10* kg-m/s eastward

Py = mvq
v. = P _ 1.3x10% kg-mis
f  m 725 kg
= 18 m/s

= 65 km/h eastward
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g a. FAI = p; — p, = mv; — mv,
51 12 v_.F.!.I—va
() ot g -
— (5.0 NN1.0 8) + (7.0 kgiZ.0 m/s)
- 7.0 kg
= 2.7 m/s in the same direction
g 1 2 as the original velocity
-5 b. v, = FM;, mv;
() ¢y _ (—5.0 N)1.0 2) + (7.0 kg){2.0 m/s)
7.0 kg

= 1.3 m/s in the same direction
as the original velocity
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~ b. What is the snowmobile’s change in
momentum? What is the impulse on
the snowmobile?

Ap = FAt
=my;—v)
= (240.0 Kg)(28.0 m/s — 6.00 m/s)

= 5.28x10° kg-m/s

c. What is the magnitude of the average
force that is exerted on the snowmobile?

F= Ap _ 528x10° kg-mi's
Ar 60.0's
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141km _-°
'0' 65.0 km
P at
125.0 km
a. What is the average force exerted on the
person?
= Pe— b
F Ar
- P — W;
F Ar
_ (0.0 kg-m/s) — (60.0 kg)(94 km/h)
0.20s
(e Nso05)
3600 s
= 7.8x10° N opposite to the

direction of motion
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SOLUTION:
5.0%10%rev |( 1 min
wi=2;rfi=2n( min ]( GOs]
- 524 radls

(carrying an extra digit)

o =0,+at
0 = mi+£t
!
-a,/

=
r

—(524 rad/s)(8.0x10™ kgsm?)
-2.3%107" Nem

-18s
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i 2{(6.0::1_0%@\1}(1 mln)
min 80s
=62.8rad/s
(earrying an extra digit)
@ - @ +at
T
& = 0+-l-t
po Ol

T

_ —(62.8 rad/s)(8.0 x10~® kgem?)
0.15 s

=0.033 N-m?
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1At =L - L = lop ~ax)
—~ (0.0350 kgem?)

x (7.0x10' rad/s - 0 rad/s)

- 245 N-m-s
Average torque:

angular impulse
favo ~ At
2.45 Nemes
24 s
- 1.02 N-m
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@ = 2x(5.0 revis) = 31 rad/s
At =L - L - o - @)
= (0.060 kg+m?)
x (31 rad/s -0 rad/s)
=1.9Nemss
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a. Draw atrows showing the ball’s mementun before and after the bat hits it.
b. What is the change in momentum of the ball? 0 Sl oy % 1l JJama .b
c. What is the impulse delivered by the bat? “ 3 o 4 Lo
d.]i'thebala.udba]larej.ncm:mlctfort}.Bt}ms__whatistheaverageforcethebatexem ¢ " | - _L." ..L” I-ﬂ
--.Ti'.-ﬂéj e T .C

SOLUTION: - &
a. Jlans Lo .0.80 ms aaqd 3,8 La PRS0 | Ry Vi |.:hj .d

Bafore Afrar 3 i

Sapsll (3R Ly A1 ) ssall dawsia

: :l—:—* *—f—@ :’

\.\ PO Vi \.' B

— 4y

Ap = m(ve— v
={0.174 kg)
% (—38.0 m/s — 26.0 m/s)
==11.1 kg*m/s

FaAt=p— p;
- Ap
=-11.1 kg*mis
=114 N-s

FAt =miv; —v;)
m':vr + h'I,
At
(0.17T4 Kg){- 38.0 mis - 26.0 mis)

F

(0.80 ms]( = ]
1000 ms

- -14x10*N
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Pi = Ps
mvp; + Mvg; = 2mv;
Vai + Vi
\"'f = -
_ 2.2 mi/s + 0.0 mis
2

1.1 m/s
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Ppi T Pgi = Ppi ™ Pg

MpVp; T MGV = MpVps + MGV
Because v. = 0.0 kg-mls,

mp'-"rpi = |:m|::| T mG}'l"'f

where v; = vp; = V¢ Is the common
final speed of the goalie and the puck.




myvy; + MV = (my + m v

where v; is the common final speed of
the bullet and piece of lumber.

Because v,; = 0.0 m/s,

Ve = {mb + mw}r.rr
bi — my,

(0.0350 kg + 5.0 kg)(8.6 m/s)
0.0350 kg

1.2%103 m/s




mgVg; + MeVE; =

-

- 275 mi/s

o

FLOUR

mgVvgs + MEVEs

(mgvyg; — Mmgvey)

vVer)

where vg; = 0.0 m/s
VEr = me

— Mmg(vpi —
VEf =

Mg
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The system is the bullet and the ball.

Mgt Vbullet, i ™ MoalViat, 17 Moaetbullet, £ T MoalVball f
I'fbﬂ",i = (.0 m/s and Vhl]"ﬁt = -50mls

Motedpullet, i ~ Voulle, _ (0.0350 kg){475 mis = (~5.0 mis))
Mgy 2.3 kg

S0 Vpall £ =

= 6.7 mls




direction.

MV T MpVp; = MV 1 Mp Vg

S0 va

_ (0.50 kg)(6.0 m/s) + (1.00 kg)(—12.0 m/s) — (0.50 kg)(—14 m/s)
B 1.00 kg

= —2.0 m/s, or 2.0 m/s in the opposite direction
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Pri T Pruel,i = P T Pryel, f

where p; + Pgep ¢ = 0.0 kg-m/s

If the initial mass of the rocket (including fuel) is.m_= 4.00 kg, then the
final mass of the rocket is

m. = 4.00 kg — 0.0500 kg = 3.95 kg
0.0 kgm.lrﬁ = mﬂ'll"rf + mfl.lE|l'ffIJE|,f

V.= ~MiyeViyel, 1
=
mrr

_ —(0.0500 kg)(—625 m/s)
3.95 kg

=791 mls
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] 4.5 kg

Let the 1.5-kg cart be represented by “C"” and the 4.5-kg cart be
represented by “D".

Pci + Ppi = Pcs T Pps
where p-; = pp; = 0.0 kg-m/s
MpVps = —McVit

—McVer

S0 'll"Df = mp

—(1.5 kg)(—27 cm/s)
4.5 kg

= 9.0 cm/s to the right
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Pci T R/ T Pt T P
where p-; = p,; = 0.0 kg-m/s
McVeog = —M )V

—MeViy

S0 'I"'Jf == m1_|

—(80.0 kg)(4.0 m/s)
115 kg

= 2.8 m/s in the opposite direction
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GeSa allasd) o) ,cel Sasleas)) sas Logsic o jlanag LogsS =

Befc-n;:
Bi, = MV
= (925 kg)(20.1 m/s)
= 1.86x104 kg-m/s
P, x = MV «
= (1865 kg){—13.4 m/s)
= —2.50:x10% kg-m/s

P,y = P,y
Pgx = P; x
Py = Py

= \"Jllr[pf' _:.'12 + {.pfl F}Z

syl o

= V[~2.50x10* kg-mis)? + (1.86x10* kg-mis)?
= 3.12x104 kg-m/s
ﬂf

1y +m2

V=

_ 342104 kgomls  _
~ [925kg + 1865 kg) 1.2 mis

p.
fx
_ tan—1]_1-86x10% kg-mis )
tan (—2.50:-:1ﬂ‘1kg-m.f5
= 36.6° north of west
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Before:
By x = MyVy
= (1345 kg)(15.7T m/s)
= 2.11x104 kg-m/s
Py = B
= (my + m,)v;
= (1345 kg + 1923 kg){14.5 m/s)
= 4.74x104 kg-m/s
Pr. y = Py sin @

= (4.74x10* kg-m/s)(sin 63.5%)
= 4.24x104 kg-m/s

Tmss

b BB T MY,

_ Py _ 424x40*kgmis
i m, 1923 kg

=221mls
Yes, it was exceeding the speed limit.
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Pei * Poi = Pes T Pos

where Pe; = 0.0 kg-mls We can use the momentum equation for the stationary ball to find its
final velocity.
me=mp=m=0.17kg Dot = Pg; sin 60.0°

mv.. = mv,. sin 60.0°
Vector Diagram “ .D'
Veg = Vp; Sin 60.0°
Poi = (4.0 m/s)(sin 60.0°)
= 3.9 mfs, 30.0° to the right
We can use the momentum equation for the moving ball to find its velocity

Pps = Pp; cos 60.0°

0r 0.0
p':f pr

. ) . MV = My, cos 60.0°
The vector diagram provides final momentum equations for the ball that

is initially stationary, C, and the ball that is initially moving, D.
Pes = Pp; Sin 60.0°

Vps = Vp; €0s 60.0°
= (4.0 m/s)(cos 60.0°)

= 2.0 m/s, 60.0° to the left
Pps = Pp; €08 60.0°




