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1. A 3.00-kg particle has a velocity of (8.00i — 4.00j) m/s.
(a) Find its x and y components of momentum. (b) Find
the magnitude and direction of its momentum.

P9.1 m=300kg, v =(3.00i - 4.00j) mys

(@) p =mv=(9.00i-12.0j) kg-m/s

Thus, p, =9.00 kg -m/s

and p, =—12.0 kg-m/s

©)  p=yfp?+p2 =y(9.00)* +(12.0)" =[150 kg-m/s

0= tan™! [P—f} _ tan"}(~1.33) = [ 307°
Px

4. Two blocks of masses M and 3M are placed on a horizon-

tal, frictionless surface. A light spring is attached to one
of them, and the blocks are pushed together with the

spring between them (Fig. P9.4). A cord initially holding
the blocks together is burned; after this, the block
of mass 3M moves to the right with a speed of 2.00 m/s.
(a) What is the speed of the block of mass M? (b) Find

the 01‘igina1 elastic potential energy in the spring if

M = 0.350 kg.
(a) For the system of two blocks Ap=0,
or Pi =Py
Therefore, 0= Mo,, +(3M)(2.00 my/s) “
Solving gives v,, =| —6.00 m/s — stﬂs
(motion toward the left). MI‘/;%WML 8 I

(b) %kxz = %Mv}%,i + %(3M)U§M —| 8407
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6. A friend claims that, as long as he has his seatbelt on, he
can hold on to a 12.0-kg child in a 60.0 mi/h head-on
collision with a brick wall in which the car passenger com-
partment comes to a stop in 0.050 0 s. Show that the vio-
lent force during the collision will tear the child from his
arms. A child should always be in a toddler seat secured
with a seat belt in the back seat of a car.

From the impulse-momentum theorem, F(At)= Ap = mv £ MY,
the average force required to hold onto the child is

m(vf—vi) (12 kg)(0 - 60 mi/h)[ 1 m/s

F= = = —6.44x10° N.
2.237 mi/h

(At) 0.050 s—0

Therefore, the magnitude of the needed retarding force is | 6.44x10° N

or 1400 Ib. A person cannot exert a force of this magnitude and a safety
device should be used.

An estimated force-time curve for a baseball struck by a
bat is shown in Figure P9.7. From this curve, determine
(a) the impulse delivered to the ball, (b) the average
force exerted on the ball, and (c) the peak force exerted
on the ball.

(a) I= Jth = area under curve AN) F = 18000 N

. 20 000 \.

1:5(1.50 x107 s)(18 000 N) 15 000 //\\
_ 10 000 / \\
=| 1350 N-s 5 000 /
0 1 2 g (M)

v  F=—2N _roeoiN

1.00x107 s
(©) From the graph, we see that F ., =| 18.0 kKN
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. High-speed stroboscopic photographs show that the head

of a golf club of mass 200 g is traveling at 55.0 m/s just
before it strikes a 46.0-g golf ball at rest on a tee. After the
collision, the club head travels (in the same direction) at
40.0 m/s. Find the speed of the golf ball just after impact.

(200 g)(55.0 m/s)=(46.0 g)v+(200 g)(40.0 m/s)

v=|65.2 m/s

18. A mailroad car of mass 2.50 X 10% kg is moving with a
speed of 4.00 m/s. It collides and couples with three other
coupled railroad cars, each of the same mass as the single
car and moving in the same direction with an initial speed
of 2.00 m/s. (a) What is the speed of the four cars after
the collision? (b) How much mechanical energy is lost in
the collision?

(@)  moy; +3mu,; = 4mo, where m = 2.50 x 10 kg
4.00 + 3(2.00) _
vy = =| 2.50 m/s
4
1 > |1 o 1 2]
b K;,—K,=—(4m)v; —| —mvuy;, + —(3m)vs;
©) K=K = (m)o} = Zmod + 2 (Gm)o}

—(2.50 x10*)(12.5 - 8.00 ~ 6.00) =| ~3.75x10* J
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38. Four objects are situated along the y axis as follows: a
2.00 kg object is at + 3.00 m, a 3.00-kg objectis at + 2.50 m,
a 2.50-kg object is at the origin, and a 4.00-kg object is
at — 0.500 m. Where is the center of mass of these objects?

The x-coordinate of the center of mass is

Z n;x; 0 + 0 + 0 + 0
x - =
M Sm; (2.00 kg +3.00 kg + 2.50 kg +4.00 kg)

and the y-coordinate of the center of mass is

> my; (200 kg)(3.00 m)+(3.00 kg )(2.50 m) +(2.50 kg )(0) +(4.00 kg)(~0.500 m)
Jem TS 2.00 kg +3.00 kg +2.50 kg +4.00 kg
Yeu = 1.00 m

A uniform piece of sheet steel is shaped as in Figure P9.41.

Compute the x and y coordinates of the center of mass of
the piece.

Let A; represent the area of the bottom row of squares, A,
the middle square, and Aj the top pair.

A = Al + Az + A3

M= 1\41 + fVIZ + 17\/[3

%:E ylem)
4 A 30
A; =300 cm?, A, =100 cm?, A; =200 cm?, A =600 cm?
M, = [ ) 300 cm? ﬁ 20
600 cm? 2
10
M, —M[ ) 100 cm? M
600 cm? 6 o
10 20 30
M, —JM[ ) 200 cm? M
600 cm®> 3
x; My +x, My + x3My 15.0 cm(%M)+5.DO cm(% M) +10.0 cm(% M)
M M

+M(5.00 cm)+ £+ M(15.0 cm)+( )(25.0 cm)

You = =133 cm

M
Jou -]
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(2)

(b)

45.|A 2.00-kg particle has a velocity (2.001 — 3".00:1:) m/'s, and
a 3.00-kg particle has a velocity (1.00i + 6.00j) m/s.
Find (a) the velocity of the center of mass and (b) the total
momentum of the system.

DV mg vy vV,
M= =

M M
(2.00 kg)(2.00i m/s—3.00] my/s)+(3.00 kg)(1.00i m/s+6.00j mys)

-“r C

N 5.00 kg

Veu =| (1401 +2.40) my/s

p = Mvy, = (5.00 kg)(1.40i + 2.40j) m/s=| (7.00i+12.0j) kg-m/s
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