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Particle A of mass 3m is fixed at the end of a massless rod of

length L, which is free to rotate about a pivot point at the (
ceiling. The particle is released from rest when the rod makes :
some angle with the vertical. As it passes from the lowest point, 3m :
it makes a head-on elastic collision with particle B of mass m at I
rest. Find ratio of the tension in the rod just before and after the N\ '
collision. B

Solution:

Before collision: Suppose that the speed of particle A is vaz at the lowest point. The

2
tension in the rod is then T; = myug + % (circular motion with constant speed at an
instant)

2
After the collision: The speed of particle A is va, and the tension is T, = m, g + =242
2
So the ratio is % = %. Thus, we need to determine the speed of A after the collision.
2 A2

The collision is elastic: Momentum and kinetic energy are both conserved.
Momentum conservation: myv,; = myv,, + mgvp,

. . . 1 1 1
Kinetic energy conservation: EmAvjl = gmAvfz + EmBUfZ?Z

2 _ 2 2 _
MpVgy = MyVj — MuUay = (MuUsg — My V) (MaVa1 + MyVy3)
MpVUgy = MUy — MyVpg

If we divide the equations side by side, we get:
Upz = Va1 F Va2 _
Substitute this back to momentum conservation to get:

Az my + mg Al 2
Hence;
2
Va1
T, _gL+vA12_1+ gL
T, gL+vi, |, Va’

4gL
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A block of mass m moving on the ground with speed v; is incident on a wedge-shaped
object of mass M at rest. The inclination angle is 30°. Find the maximum distance the
block can go up on the inclined surface of the wedge. Assume that all surfaces are
frictionless and the interaction between the two objects is elastic.

— M
Solution:

The block will go up on the inclined surface until its relative velocity with respect to the
wedge is zero (i.e. it is not moving with respect to an observer on the wedge). At this
point, however, both the block and the wedge are moving together (with the same speed)
horizontally on the ground!

We apply the conservation of momentum between the initial state and when the block
reached its maximum height:
mv, = mv, + Mv, = (m+ M)v,
Conservation of mechanical energy between these states is:
1 1
Emvl2 =5 (m + M)v? + mgh

The first equation gives v, = (mTM) v;. Substituting this into the second and solving for h
gives:
2
VU1 m
h=—(1-
29 ( m+ M)
2
So, the maximum distance is d = ——— = ”—1(1 - )
sin(309) g m+M
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A particle of mass 3m is fixed at the end of a massless rod of
length L, which is suspended vertically from a pivot point at

the ceiling. The particle explodes and one piece of mass m

move in the direction as shown in the figure with speed v, \
whereas the other part remains attached to the rod. Find the O 30°
tension in the rod when it is at half of its maximum height e

after the explosion. >

Solution(*):

During explosion: Momentum in the x-direction is conserved. The momentum was zero
before explosion. Let v'y; be the x-velocity of the piece remaining at the end of the rod
after explosion. Then

v v sin(30° v
0 =Mvy +2mv'y; Or vy = — == = _vsin(30%) _ _ v

2 4
Note that the minus sign just indicates that the two pieces move in opposite directions
along the x-axis.
After explosion: Mechanical energy is conserved. At half of the maximum height, half of

the total energy is Kinetic energy. Let v, be the x-velocity when the rod is at half of its
maximum height. Then the kinetic energy is half of its value at the bottom: K', = %

1 2 1.1 2
Eva 52 = E(EZmU o

2 2
2 _vxl_v
Ve = T3

The tension in the rod found from central force:
2m ,  2mv?

T—2mgsin9 :TU x2 :37
Maximum height is found from energy conservation
2y = 2 By =
The angle at half maximum:

— 2
SiIlH:L hmax/zzl_hmax: _ v

L 2L 64gL
2

The tension in the rod is then T = 2m(g + —)

64L

(* In this problem, full grade will be given if the velocity of the pendulum and its speed at half maximum
are found correctly.)



PHYS 101: General Physics1 ~ KOC UNIVERSITY Fall Semester 2012
College of Arts and Sciences
Section Quiz 8 22 November 2012

Closed book. No calculators are to be used for this quiz.
Quiz duration: 10 minutes

Name: Student ID: Signature:

A wooden box of mass m, initially at rest, slides a distance L on an inclined surface and
gets transferred on a cart of mass m. The cart is free to move on the ground. The Kinetic
friction coefficient between the box and the cart surface is ux. Find the distance the block
has travelled on the cart until it has stopped with respect to the cart.

R

30° /™

Solution:
Conservation of energy when the block reaches the lower end of the inclined surface:

mygh = mlgg = %mvz. Thus the speed of the box before transfer is v = /gL

During transfer: The x-component of the momentum is conserved. We write the
momentum conservation between the states at the beginning of transfer and when the box
IS at rest with respect to the cart. Note: when the box is at rest with respect to the cart,
they are moving together with the same speed with respect to the ground!

3
my vy, = myv cos(30°) = — v = (my + my) v,y
. . 3 3
This gives v,, = m"fm %v = %v
1 2

We apply the law of conservation of energy between the states at the beginning of
transfer and when the box is at rest with respect to the cart.
Ky + Wother = K3
Here, W, iher = —mygu, dis the work done by the friction force on the cart surface.
V3 )2

4

K, =%mv2 and K, = 1Zm(

3
== = —mv?

2 16
Hence:

Ki—K, 5L
mygu, 164

d =
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A box of mass 2m is fixed to the end of a spring (spring constant is k) and it can move on
a horizontal frictionless surface. The other end of the spring is fixed to the wall. The
spring is compressed by a distance d from the equilibrium position and released. When
the box gained its maximum speed, an object of mass m is dropped from the top in the
vertical direction on the box and sticks to it. Find the maximum displacement of the
spring from its initial position afterwards in terms of d.

Om
\
2m| —>

Solutions:

Before collision: Mechanical energy conserved between the initial state and the state just
before the collision: K; + Uy 1 = K + Uy,

K1 = 0. Since the box has maximum speed before collision it must have the maximum
Kinetic energy. Thus, Ug 2 = 0. This gives

~kd? =22mv?, or v? = - d2.
During collision: Momentum is conserved in the x-direction. This is a completely
inelastic collision so the velocity of the particles after collision is the same:
2mv = 3mv' orv’ = gv
After collision: Mechanical energy is conserved. We use this between the state just after
collision and the state of maximum displacement after the collision. Let d’ be the

maximum displacement from the equilibrium position of the spring. Then

1 1
E 377117’2 = E kd’z

Substituting v’ gives d' = \Ed. The maximum displacement from the initial position is

d+d’=d(1+\/§).



