Chapter 9

5. Since the plate is uniform, we can split it up into three rectangular pieces, with the
mass of‘ each piece being proportional to its area and its center of mass being at its
geometric center. We’ll refer to the large 35 cm x 10 cm piece (shown to the left of the y
axis in|Fig. 9-38) as section 1; it has 63.6% of the total area and its center of mass is at
(x1,1) = (=5.0 cm, —2.5 cm). The top 20 cm x 5 cm piece (section 2, in the first quadrant)
has 18.2% of the total area; its center of mass is at (x,,y») = (10 cm, 12.5 cm). The bottom
10 cm X 10 cm piece (section 3) also has 18.2% of the total area; its center of mass is at

(x3,03) = (5 cm, =15 cm).

(a) The x coordinate of the center of mass for the plate is

Xcom = (0636)x1 + (0182)x2 2 (0182)X3 =—-0.45cm.
(b) The y coordinate of the center of mass for the plate is
Yeom = (0.636)y1 + (0.182)y, + (0.182)y; =— 20cm.

13. We need to find the coordinates of the point where the shell explodes and the velocity
of the fragment that does not fall straight down. The coordinate origin is at the firing
point, the +x axis is rightward, and the +y direction is upward. The y component of the
velocity is given by v = vo, — gf and this is zero at time = o y/g = (v/g) sin &, where vy
is the initial speed and & is the firing angle. The coordinates of the highest point on the
trajectory are

i (0ms)
X =V, t =Vt cos g, =—-sin 6, cos , = ———-sin60 cos60°=17.7 m
9.8 m/s
and
2
1, 1y ., 1(20 m/s)” ., -
=y, t——gt* =—-Lsin’ §, = —-————sin" 60 =153 m.

y=relTo 8 "T2 98 m/s

Since no horizontal forces act, the horizontal component of the momentum is conserved.
Since one fragment has a velocity of zero after the explosion, the momentum of the other
equals the momentum of the shell before the explosion. At the highest point the velocity
of the shell is v, cosé, in the positive x direction. Let M be the mass of the shell and let
Vo be the velocity of the fragment. Then Mvocoséh = MV,y/2, since the mass of the
fragment is M/2. This means

V, = 2v,cosf, =2(20 m/s)cos60" =20 m/s.

This information is used in the form of initial C6qditions for a projectile motion problem
to determine where the fragment lands. Resetting our clock, we now analyze a projectile
launched horizontally at time # = 0 with a speed of 20 m/s from a location having

coordinates xo = 17.7 m, yo = 15.3 m. Its y coordinate is given by y =y, —1gt?, and

when it lands this is zero. The time of landing is # = +/2y,/g and the x coordinate of the

landing point is ,

2(153 m)

N O s I

2y

x=x, +Vyt = x, +V, |22 =177 m+(20 m/s), =53m



26. (a) By energy conservation, the speed of the victim when he falls to the floor is

1
Emv2 =mgh = v=\2gh=4/2(9.8m/s?)(0.50 m) = 3.1 m/s.
Thus, the magnitude of the impulse is
J=|Ap|=m|Av|=mv=(70kg)(3.1m/s)~2.2x10° N -s.

(b) With duration of A7 =0.082s for the collision, the average force is

J 22x10°N-s

g =— = ~2.7x10° N.
T Ar 0.082s x10°N

50. (a) We choose +x along the initial direction of motion and apply momentum
conservation:

b

MyuetVi = MouietV1 T Mhiock V2

(52 g)(672 m/s) = (5.2 g) (428 m/s) + (700 g)¥,

which yields v, = 1.81 m/s.

(b) It is a consequence of momentum conservation that the velocity of the center of mass
is unchanged by the collision. We choose to evaluate it before the collision:

- eV (5.2 g)(672 m/s)

Voo =4.96 m/s.
Myiier T Mpiock | 52g+700¢g



65. Let m; be the mass of the body that is originally moving, vy; be its Velocity before the
collision, and visbe its velocity after the collision. Let m, be the mass of the body that is
originally at rest and vy be its velocity after the collision. Conservation of linear
momentum gives

MV, =my, +my, .

Similarly, the total kinetic energy is conserved and we have

m; —

= v;; . We solve for m; to obtain
i, -+ 1y

Vii Vi

The solution to v, is given by Eq. 9-67: v, , =

m, = m,.

Vi TV,
The speed of the center of mass is
p =PV

com

m, +m,

(a) given that v, =v,, /4, we find the second mass to be

Vii " Vis m, ___(Vu "vh'/4Jml =-2-m1 =—35—(2.0 kg)=1.2kg.

m, =
2
v, +Vi; v, +v /4

(b) The speed of the center of mass is

_my, +myy, _(20kg)(40mis) s,
T mm, 2.0kg+1.2kg
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