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Lecture 2
Midterm 2
Problem 1 Solution

Our general strategy is to use energy conservation, keeping in mind that the force of
friction will remove some energy from the system:

Weriction = AE
And we know that the work due to friction is just the force of friction times the
distance traveled by the 8kg block. Since the block slides in the direction opposite to
the force exerted by friction, the work done by friction is negative.
Wir = -pkmgg d
All of the initial energy of the system is potential energy. Specifically:
Einitial = PEinitial = me g d

Lastly, all of the final energy is kinetic energy. We keep in mind that both masses
have the same velocity, since they are connected by a rope.

Efinal = KEfina1 = (1/2) (m6 + m8) v2
So we solve the conservation of energy equation for final velocity to get our answer.

-ukmg g d= me g d + (¥2) (me + mg) V2
v=29m/s



Physics 7A  Section 2 Midterm 2 Oscar Hallatschek

2a)
First you have to use conservation of Energy to find the velocity of catwoman right before she collides

with the bad guy.

1
megh = Emcvc2

Ve init. = Zgh

The two people are stuck together after the collision so we can use conservation of momentum to
calculate the final velocity of both.

MmcVUeinit. = (mc + mv)vf

_ McVcinie.  Mcy Zgh

- (me+my)  (me+my)

Vr
2b)

Next we have to find the distance that the two people travel by sliding. You can calculate this two
different ways. One way is by relating work and energy the other is by kinematics. | will calculate the
answer using kinematics.

The free body diagram for the motion is

fr

The force equation is
Fe = =N = —p(m¢ + my)g = (m + my)a
Hence, the Acceleration is
a=—g
Finally to find the distance we use the following kinematics equation
v}? = v? + 2alx

2 2 2
—V; v; me h

Ax =

2a B Z#kg B (mc + mv)zﬁ



Physics 7A (Section 2)
Problem 3

A bicycle wheel consists of a rim of unknown mass M and essentially massless spokes.

Suppose we mount the bicycle wheel on a wall, so that the wheel is parallel to the M, R

wall, and so that it is free to spin around its center, but not free to move
translationally. We wrap a thin, light string around the outer rim of the bicycle wheel

and attach a block of mass m to the end of the string, as shown in the figure. In order
to figure out the mass M of the rim, an engineering student releases the block from
rest and measures the time t that it takes the block to fall through a distance L. How
can the student calculate M from knowing L, t, R, m, and g?

Solution Method 1 — Rotational Dynamics

Draw Free Body Diagrams

Faxie T

Mg T mg

Set Up Equations

Sum forces for the hanging mass in the y-direction and sum torques about the center for the wheel

ZF=ma=mg—T
ZT = lyheet® = TR

The moment of inertia of the wheel is that same as for a hoop because the spokes are massless.
Iyheet = MR?
Because the rope is attached to the rim of the wheel the linear acceleration at the edge of the wheel is the same
as the acceleration of the block.
a=a/R
Use linear kinematics to determine the acceleration of the block
L= %at2
Solve
Develop an expression for M as a function of acceleration
mg — Ma = ma
M=m(g/a—1)
Calculate acceleration using kinematics

2L

a=t—2

Solve be plugging in the acceleration into your expression for M
Solution



Solution Method 2 - Energy

Set Up Equations

Calculate the initial and final energies of the mass/wheel system. Initially, there is only potential energy from the
mass and at the end there is translational kinetic energy from the hanging mass and rotational kinetic energy
from the wheel.

Initial Energy = mgL

1 1

Final Energy = Emv2 + Ela)z

Conservation of Energy - mgL = %mvz + %Iwz
The moment of inertia of the wheel is that same as for a hoop because the spokes are massless.

Lyheet = MR?
Because the rope is attached to the rim of the wheel the linear velocity at the edge of the wheel is the same as
the velocity of the block.

w=v/R
Use linear kinematics to determine the final velocity of the block

v? = 1,2 + 2al

v=1v,+at

Solve
Develop an expression for M as a function of final velocity

12,1 2y (V2
mgL—zmv +2(MR )(R)

1,
mgL=Ev (m+ M)

Calculate final velocity using kinematics
v? = v,2 + 2aL = 2al
v=1v,+at=at

a=v/t
%
172 = Z(E)L

2L
v=—
t

Solve be plugging in the final velocity into your expression for M

Solution

mgt? gt?
M= —m=m (-1
S m=m <



Problem 4

November 8, 2014

Part A

L Z

A

Vi Vv,

Figure 1: Two masses being blown apart

We have two balls of different mass forced apart by and explosion. Their total energy
is Q. We want to find the fraction of energy that each mass has. By conservation of
momentum,

mgq
Vp = ———1,4
my
By conservation of energy,
1 1 9
Q= imava + imbvb
1
E, = §mavg
1 1m?2
E, = §mbv2 = im—gmbv(g

b
Now we will find the fraction of the energy Q that is in each of ball A and B.

E m myp
Ea:éQ: amgQ:m+mQ
ma—f—m—b a b
m
B =0 B
a



Figure 2: Three masses being blown apart

Part B

Now we have that an explosion blows apart three particles of equal mass. Their total
energy is Q. From the conservation of momentum in the x and y directions, we have that

muy sin(6p) = mu, sin(6,)

muy cos(6p) + mue cos(0.) + mug, =0
Reducing these equation, I define vg as follows:

Uy Ve

sin(6,)  sin(6)

Vo =

ve cos(6;) + vpcos(fp) + v, =0
vo sin(By) cos(6.) + vo sin(b.) cos(0p) = —v,

vo sin(6y) cos(8.) + vo sin(6.) cos(6y) —V,

sin(6) cos(f..) + cos(0y)sin(f.)  sin(By) cos(6..) + cos(6y) sin (6.

~ sin(6y) cos(6,.) + cos(6) sin(6.)

Therefore, we can write all velocities in terms of vg:

Vo =

Vg = —o (sin(6y) cos(b.) + cos(6y) sin(f.)) = —vp sin(bp + 6,)

vp = vo sin(6,)

Ve = Vo sin(6fp)



The total energy of the particles is
1 1 1

Q= §mvg + vag + §mvz

The energy of particle i where i € {a, b, c} is:

o %mvf@ B v? 0
Q I A
The energies of the particles are
sin?(6y, + 6,.)
E, = . 92 ) ) Q
sin®(6.) + sin®(0y) + sin®(6p + 6..)
L2
sin“ (6.
Eb = . 9 ) ( ) ) Q
sin“(0.) 4 sin”(6p) + sin”(0, + 6,.)
B - sin?(6y) Q

sin?(0.) + sin?(0y) + sin?(6y + 0.)



Problem 5

Part (a)

The momentum and energy will be conserved since there are no dissipative
forces. Also, at the highest point, the block will have the same speed as the

ramp and will move only in the horizontal direction with the ramp. Let the
speed of the block and the ramp be vy

Conserving momentum , we have

Pi = Dy (1)
D; = MU, (2)
pr =mug + Moy (3)

Also, conservation of enery gives

B, = B (@)
1

E; = imv?, (5)
Lo 1. o

Ey = imvH+§MvH+mgH (6)

Plug in vy from above,

1 1 mu
imvg:§(m+M)(M+om)2+mgH (7)
which on simplifying gives
2(M +m)gH
Vo = 2(M + m)gH (8)

M
Part (b)

Again, since there are no dissipative forces, both energy and momentum
will be conserved and the whole climbing up and sliding down can simply

be treated as an elastic collision. Let the speed of the block be v, towards
left and the ramp be v, towars right.

Conserving momentum , we have

pi =ps (9)
Di = MU, (10)
pr = Mv, —muy (11)



since the block moves towards the left, it will have negative momentum.
Also, conservation of enery gives

E;=FE; (12)
1

E; = imvg (13)

E = L2 lM 2 14

f - 2mvb + 2 U'I‘ ( )

Plug in v, from above,

1 5, 1. 5 1 My —my,
z =M S (e
5, = 5 Mur + 2m( —

which on simplifying gives

) (15)

2mu,
m+ M

vp = (16)

Part (c)

Let the speed of the block (as seen from the ground) be v, and v, in = and
y direction. Let the speed of the ramp be v. There are three variables and
so we need three equations. Conservation of energy and momentum give
us two equations. The third equation is obtained by sitting in the frame of
the ramp. In this frame, the block should move up the ramp and hence the
direction of its velocity should make an angle of tan(#) with the horizontal.

Conserving momentum , we have

pi = py (17)
D = MU, (18)
pf = Mv + mu, (19)

Conservation of enery gives

E = E; (20)
1

E; = imv?, (21)
1 1 1

Ef = §mv§ + §mv§ + in2 (22)

In the frame of the ramp, the block has velocities in x and y direction
given by v, and v, where

Vpgp = Vg — VU (23)

Upy = Uy (24)



Thus,

Alternative method for (c)

Let the two vaiables of interest be speed of the ramp (v,) and the speed of
the block in the frame of the ramp (vp). Then, in the ground frame, the
speed of the block in « and y direction are v, and v, given by

vy = v + vpcos(0) (25)
vy = vpsin(6) (26)
Then, conserving energy and momentum gives us

Conserving momentum , we have

Di = Dpf (27)
Di = Mo (28)
pr = Muv, + mv, + muycos(f) (29)

Conservation of enery gives

B = E (30)
1

E;, = amvg (31)
1 9 1 . 9 1 2

Ef = im(vr + vpcos(0))” + im(vbsm(G)) + inr (32)



