Chapter G - Problems

Blinn College - Physics 2425 - Terry Honan

Problem G.1
A 0.12 kg ball dropped from a height of 2.0 m rebounds to 1.8 m.
(a) What is the change in the ball's momentum during its collision with the floor?

(b) Suppose the ball is in contact with the floor for 0.08 s. What is the average force of the floor on the ball?

Solution to G.1

(a) We can relate the speed at the ground to the height of the ball by equating the energy at the top and the bottom. In both cs This
gives the speeds before and after hitting the ground.

V%ottom= vt20p+2gh = v= x+/2gh

Choose upward as the positive direction.
vi=—[2gh =-V2x98x2 =-62610
vp=+y[28h; =V2X98X18 =59397
Ap=m(vy—v;)= 0.12x(59397-— 6.2610)= 1464kg ?
(b)The impulse-momentum gives the average force
1.464

FAt=Ap = F=—"2"=183N
0.08

Problem G.2

. L 1(s)
0.03 0.05

The graph above is the force vs. time for some collision on a 0.25 kg ball that is initially at rest.
(a) What is the impulse given to the ball?

(b) What is the average force acting on the ball during the collision?

(c) What is the velocity of the ball after the collision?
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Solution to G.2
tr
(a) The impulse 1= f,lf F(t) dt has the graphical interpretation of the area under the F vs. t graph. In this case
I= % base x height = % 0.02x80 =08 N-s.

(b) I =F At gives the average force.

(c) The impulse momentum theorem gives the final velocity.

I=Ap=m(vy-v;) = 08=025(v;-0) = vf=3.2?

Problem G.3

A ball of mass m bounces elastically with a wall. The ball's speed is v before and after the collision and 6, the angle the ball makes
with the wall, is the same before and after the collision. It the ball is in contact with the wall for a time 7', then what is the average
fore of the wall on the ball?

Solution to G.3

|
| . . |
“4; vsin6 4447 vsin6 4>“

F At =Ap=m(ip—7)

Because the speeds and angles before and after the collision are the same the parallel components are unchanged. Consider the
perpendicular components.
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L At= Ap¢=m(Vf,¢—vi,¢) = F,T= m(vsinf——vsinf) = F, = 2my

"y

sin

Problem G.4

A 2kg mass has a velocity of (4, —3) m/s and a 3 kg mass has a velocity of (—1, 5) m/s. What is the total momentum of the system

and what is the velocity of the center of mass?

Solution to G4
Dtot =M Vem = Xm; Vi, where M = Ym;
Drot =mp vy +ma vy = 2(4,-3)+3(-1,5)=(5,9) kg m
S

M=mj +my=2+3=5kg = ﬁcmz%ziﬁzﬂ,l&m
S

Problem G.5

A 5 kg mass is at (0, 3m), a 2 kg mass is at (-2m, 0) and a 3 kg mass is at (Im, -4m). What are the coordinates of the center of mass?

Solution to G.5
I Zmixi_ 5x0 + 2x(=2) + 3x1 - 01lm
om >im; 54243 '
Zmi Vi 5x3+2x0+3x(-4) 03m

Yem = Somp 5+2+43

Thus the coordinates are (-0.1 m, 0.3 m)

Problem G.6

The distance between hydrogen and chlorine atoms in an HCI molecule is 1.3x 10710 . Where is the center of mass of this
molecule, measured from the hydrogen atom? Chlorine is about 35 times more massive than hydrogen.

Solution to G.6

Take the x axis to be along the central axis with x=0 at the hydrogen atom.

My Xg+mepXep 0435 mx1.3x10710
mH+mC] m+35m

Xem = =126%x10"10m



4| Chapter G - Problems

Problem G.7

A small block of mass m sits at the top of a triangular wedge of mass M. The wedge has a base of width L and slides without friction
on a horizontal surface. If the block is released from rest from the top of the wedge, then how far has the wedge moved d, when the
block has reached the bottom of the wedge? Neglect the size of the small mass compared to the wedge.

y y

L X d L L+d x
Before After

Solution to G.7

The fact that there is no friction implies that there is no net horizontal force and thus the horizontal component of the center of mass'
acceleration is zero. Since the

Frethor =0 = dempor= 0 = Vemphor= 0 = Xempor = constant

Take the horizontal positions of m and M to be x and X respectively. We do not need to find the actual position of the center of mass
of the wedge. The position of the center of mass will shift by the same distance as the whole wedge. Thus AX =d.

O=mAX+MAX= m(d-L)+Md = d= 2L

M+m

Problem G.8

A 75 kg man stands on a frozen ice rink (taken to be frictionless) next to a wall. He throws a 0.5 kg ball at 12 ™ toward the wall and
S

catches it after it rebounds elastically (at the same speed.) Ignoring the projectile motion of the ball, how fast is he moving after he
catches it.

Solution to G.8
M= 75kg,m=05kgandv= 12?
Conserving momentum when the ball is thrown gives
0= MV-mv = V= %v.

The motion of the ball changes direction when it bounces. Conserving momentum when the ball is caught gives

2m

MV+mv= M+m)V = V' =

v= 0.159 2.
S

M +m
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Problem G.9

A 40 gram bullet is fired into a stationary 2 kg block. The bullet embeds in the block and they both move off at 5m/s. What is the
velocity of the bullet before hitting the block?

Solution to G.9

my vy +my vy = (m1+m2)vf = 0040xv(; +2x0= 2.04x5
2.04x5 _ 255 M

- Vi; = =
1™ 70040 5

Problem G.10

Two masses m and 3 m move toward each other (in opposite directions) at the same speed v. If they collide elastically and bounce so
thaat they stay in the same line of motion, then what are both final velocities?

Solution to G.10

mp vy tmy vy = mq V1f+m2\12f - mv+3m><(—v)= mvlf+3mv2f

= 2v= V1f+3V2f

In an elastic collision kinetic energy is also conserved. We will use the trick, discussed in the notes, to replace the conservation of
kinetic energy equation with a simpler linear one.

lm v2-+lm V2 = lm V3 +lm V2. = vV =+
S M Ty M= S Yty 2 o LitVif=Vv2i+Vor
:>V+V1f=—V+V2f:>2V+vlf=V2f
Solving gives:

—2v= vlf+3(2v+v1f) = v1f=—2v and

vzf:2v+v1f - V2f=0.

Problem G.11

A bullet of mass m is fired into a stationary block of mass my. The bullet embeds in the block and they both slide on a horizontal

surface with a coefficient of friction u. The bullet and block both slide a distance d before stopping. What is the speed of the bullet
before it hits the block?

Solution to G.11

After the bullet embeds in the block we can relate the coefficient of kinetic friction and the distance to the initial speed. One way of
doing this is to use the work-energy theorem. The net work is the work done by friction. Since the normal force is m g the friction
forceis umg.

Whet =AK = —(umg)d= %(0—\/2) = v= \2ugd
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This is the speed of the bullet-block combination just after the bullet embeds. (Another way to get this is to use a= —p g and solve
for v using kinematics.) m in the above expression is the total mass m = mj + my; note that it cancels.

The speed of the bullet before hitting the block can be related to the v above using conservation of momentum during the totally
inelastic collision.

m1+m2 m1+m2
myvyi+myvy;= (myp+mp)vy = mypvg+my0= (mp+my)v = vo= —v= V2ugd
1 1

Problem G.12

A 10kg mass moving in the x direction at 5m/s collides with a 6 kg mass moving in the negative y direction at 20 m/s. If the two

masses stick together then what is their final velocity after the collision?

Solution to G.12

mq §1i+m2§2i: (m1+m2)17f - 10(5,0>+6<0, —20>= (16)\7]6 - Tifz <3.13,—7.5>m
S

Problem G.13

A particle of mass m moving with speed v collides elastically with an identical particle initially at rest. Show that after the collision
the velocities of the two particles are perpendicular.

Solution to G.13
Conservation of momentum for equal masses (7 = mp) with my initially at rest gives:
my Vqj +my vy; = my T’lf +my ‘72f = Vy;= ?’lf +\72f
= v%i =VV = VipeVip Voo 2V p Vo
= V%i = v%f + v%f 2V peop
Conservation of energy for this case gives:

r - 1 > 1 > 1 2 2_ 2 2
2m1vli+2m2v2i—2m1v1f+2m2v2f = VI; = Vi tVay

Equating the two expressions gives: v{ f -V =0, which implies that the two final velocities are perpendicular.



