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Surname: Solutions

Academic Honesty: In accordance with the Academic Honesty Policy (T10.02), academic dishonesty in any form
will not be tolerated. Prohibited acts include, but are not limited to, the following:

o making use of any books, papers, electronic devices or memoranda, other than those authorized by the examiners.
e speaking or communicating with other students who are writing examinations.

e copying from the work of other candidates or purposely exposing written papers to the view of other candidates.

Question # Mark Maximum Mark
Multiple Choice 20
11 10
12 10
Total = /40

Your SPECIAL CODE is 1111. Bubble in your Name, Student Number and Special Code on the Bubble
Sheet and check it. Enter your answers to the multiple choice questions on the bubble sheet by blackening in
the circle corresponding to the best answer. There is only one correct answer per question.

There are 10 multiple choice questions. Select the correct answer for each one and mark it on the
bubble form on the cover sheet. Each question has only one correct answer. (2 marks each)
(d) 19.3 m/s

1. An archer pulls the bowstring back a distance of (a) 8.5m/s

0.2 m before releasing the arrow. Consider that
the bow and string act like a spring with a spring
constant of 230 N/m. The arrow has a mass of
0.03 kg.

What is the magnitude of the spring potential en-
ergy of the drawn bow?

(a) 2.3J d) 7417
(b) 4.6 J Correct (e) 9.27
(c) 6.21

Model the bow as an ideal spring. Energy
stored is Uging = 3kx*. x is the extension
of the spring from equilibrium. Energy stored
for an extension of 0.2 m is U(0.2 m)sping =
0.5%x230x0.22 =4.6 J.

. What is speed of the arrow when it leaves the
bow?

(b) 10.2 m/s (e) 23.4m/s

(c) 17.5 m/s Correct

The energy stored in the previous problem is
turned into kinetic energy: imv? = 4.6 J. v =

2x4.6
0.03 *

. A pendulum is released from rest, as shown in

Figure A. When the bob is directly below the
pivot point, the ideal string encounters an ideal
peg, about which it begins to wrap, as shown in
Figures B and C. The peg is higher than the initial
height of the pendulum.
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In Figure C, the bob rises up to a height
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(a) equal to the original height of the bob in
Figure A. Correct

(b) greater than the original height of the bob
in Figure A.

(c) less than the original height of the bob in
Figure A.

In order for to use up all the original potential
energy that the ball had when it started swing-
ing is must return to the same height, no matter
the path it takes.

. Two carts collide. During the collision the centre
of mass of the carts travels at a constant velocity
and is unchanged throughout. From this we can
conclude that before and after the collision

(a) total momentum of the carts is conserved
(b) total kinetic energy is conserved

(c) the relative velocities of the carts is con-
served

(d) all of the above

(e) none of the above

Total momentum is conserved as long as no
external forces are acting on the system. Ki-
netic energy is only conserved in elastic colli-
sions. Relative velocities of the carts has the
same magnitude, but opposite sign, so it is not
conserved.

. The Work Kinetic-Energy Theorem is invalid if
work is done by a non-conservative force.

(a) True
(b) False

Non-conservative forces are those which dissi-
pate energy to heat or forms other than kinetic.

. The potential energy U(x) of an object as a func-
tion of x looks like the plot shown below

U(x)

At which of the x values shown by a dashed line
is the magnitude of the force the greatest?

F(x) = —dU(x)/dx. The slope is greatest at
point A. It's magnitude is least where the slope
is zero, point B.

. A force F acts on mass M during the time period

t=0stot=1s. att = lsthe mass moves with
momentum j; as shown.

— 75( 0 = 1‘)
F
—@

t=0

Which of the following vectors best represents
Po, the momentum of M att = 0.

P/ N —

The force F is to the right can only add to the x
component of the initial velocity. Therefore the
initial velocity must have a component in the
—x direction in order for it to end up with no x
component.

. In case A a block is pushed by force F for 1 sec-

ond. In case B a block of one-half the mass is
pushed by the same force F for 1 second. In both
cases the track is frictionless and the blocks are
initially at rest.

—L oo cosen F B CoseB

[

Compare the magnitudes of the final momenta of
the two blocks:

(a) pa <ps
(b) pa> ps
(©) pa=ps

The force times time is the impulse and equals
the change in momentum. Thus the momen-
tum change is the same for both block. Since
both blocks are initially at rest, their final mo-
menta are the same.
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9.

10.

11.

The centres of three spheres having masses 1 kg,
2 kg, and 3 kg are placed at the corners of an
equilateral triangle whose sides are each 1 meter
long, as shown below. How far from the centre
of the 1 kg sphere is the centre of mass of the
system?

Skg
1kg Ikg
(a) 0.33m (d) 0.73 m Correct
(b) 0.50 m (e) 1.00 m
(c) 0.67m

Find the y-coordinate of the c.m. which is
half=way between the top and bottom, y., =
1cos60° = 0.43 m. Then find the x compo-
nent: x.m = (0.5%x3+2x%x2)/(1+2+3)=0.58
m. Distance = Vv0.43% + 0.58%2 = 0.722 m.

A man is standing at one end of a plank of length
L = 10 m. The man has mass My,, = 100
kg and the plank has mass My = 40 kg
and the plank is atop a frictionless sheet of
ice. At the other end of the plank sits a large
rock of mass M,k = 200 kg. The centre of
mass of the man-+plank+rock is 6.5 m from

the end of the plank where the man is standing.

L=101m
Me=100 kg
Mplei=0 kg

E=6.5m ‘
=200 kg
f T

The man walks to the other end of the plank and
sits down on the rock. How far did the plank
move along the ice?

(a) Om (d) 2.9 m Correct
(b) 1.3 m (e) 3.3m
(¢c) 1.7m

Find the c.m. of the boat-man-rock system be-
fore the man moves:

L
Xem = (Mpoar = + Myock L) [ (Mypan + Mpoar + Myocr)

2

Now find where it is, relative to the boat, after
the guy moves:

’

. Subtract to get the change in the c.m. posi-
tion of the system:

Axem = Mgy L/ (Myyan+Mpogi+Mpoer) = 100x10/340 = 2.9 m

The boat is on ice so the c.m. relative to the
ice must remain the same. Therefore, the boat
moves by the distance that the c.m. shifts.

There are two written problems. Show all your work and explain your reasoning to get full credit.

A puck of mass 5.0 kg moving at 2.0 m/s approaches an identical puck that is stationary on frictionless
ice. After the collision, the first puck leaves with a speed v; at 30° to the original line of motion; the
second puck leaves with speed v, at 60°, as in the figure.

(a) Calculate the speeds v; and v, .
[5 pts]

. v=2.0m/s

(b) How much kinetic energy was lost or gained in the collision, if any? [2 pts]

L
Xem = (mbaar 5 ++Mypan L+mrock L) /(mman +Mpoar +mrock)



Physics 120

— Midterm Exam 2 Solutions — 2013 March 15

Picture the Problem Let the direction of motion of the puck that is moving
before the collision be the +x direction. Applying conservation of momentum to
the collision in both the x and y directions will lead us to two equations in the
unknowns v; and v, that we can solve simultaneously. We can decide whether the
collision was elastic by either calculating the system’s kinetic energy before and
after the collision or by determining whether the angle between the final velocities

is 90°.

(a) Use conservation of linear
momentum in the x direction to
obtain:

Simplify further to obtain:

Use conservation of momentum in
the y direction to obtain a second
equation relating the velocities of the
collision participants before and
after the collision:

Simplifying further yields:

Solve equations (1) and (2)
simultaneously to obtain:

pxi = pr
or
my = my, cos30°+my, cos 60°

v =v,c0s30°+v, cos60° (1)
pyi = pyf
or

0 =mv,sin30°—mv, sin 60°

0=v,sin30°-v, sin 60° 2

(b) Because the angle between v, and v, is 90°, the collision was elastic.

The fact that the collision is elastic can be determined by totalling the kinetic energies before and
after and finding that they are about the same. (Neglecting round-off errors.) or that the angles
between the two final velocities are 90 degrees and that the masses are the same. Which occurs if
and only if the collision is elastic for equal masses.

(c) If the two pucks are in contact for 10 milliseconds, what would be the magnitude of the average
force by the incoming puck on the puck that was hit, and the direction of that force? Explain your
reasoning.[3 pts]
The change of momentum of puck 2 is Ap = myAv, = 5 kg-m/s.
Fae = Ap/At =5/0.010 = 500N, or 5/0.015 = 333 N.
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12. A bullet with mass m = 20 grams and velocity v = 100 m/s collides with a wooden block of mass M = 2
kg and stays embedded in it. The wooden block is initially at rest, and is connected to a spring with
k = 800 N/m. The other end of the spring is attached to an immovable wall. Note: You may assume
that the spring is massless and that the collision between the bullet and the wooden block is completely

inelastic.
(a) Calculate the momentum of the bullet before the collision. [2]

p =mv =0.02 x 100 = 2 kg-m/s.
For version b: p = mv = 0.025 x 90 = 2.25 kg-m/s.

(b) What is the kinetic energy of the bullet before collision? [2]
%mv2 =.5x0.020 x 100% = 100. J
Version b: 1mv? = .5 % 0.025 X 90 = 101.25 J.

(c) What is the kinetic energy of the block after the collision? [3]
The momentum is conserved during the impact of the bullet.

mv=m+ M)V

V= m va1m/s
m+ M
(We neglected the bullet in the approximation. Including the bullet gives V = 0.99 m/s. The

difference is insignificant.)

%MVZ =05x2x1>=107
Version b: m
V== 1.111 m/s
1

szz =05%x2x1>=123]J

(d) What is the maximum compression of the spring? [3]
Let x be the maximum compression.

1
zkxzzll

x= +2/k = /17400 = 1/20 m

Version b:

x= 2% 123k = /1.23/350 = 0.0598 m



Physics 120 — Midterm Exam 2 Solutions — 2013 March 15

Formula Sheet

A-B=AB,+AB,+A.B.=ABcosf

Ax B = (A,B. - A.B,)i + (A.By — A,B.)j + (A,B, — A, B,k 'X x 1§| = ABsin

If ax® + bx + ¢ = 0 then x = =2 Vb” = dac ‘2]92_4“ AXB
a
3 = 2 = -
= dx =44V - dx AV = gy At B
dt dr  J¢
For constant a: Ax = %[vi + ve] At = v Af + la AP
For constant a: vi=v+2aAx A
S dp
Newton’s 2nd: Z F,=md= @ p=mv
- dt
Friction: fx = i Fx Jomax = MsFN
K= %mv2 Uy = mgy U, = —GM—rm
=3 12 = *t =3
szFdz W= F-dx p=dW
t X dt
>ty
Xf o
AU:—f F-dx Fem = —=——
X Z my
— 2" "
qg=49 _d90 Aw = @y At = df
dt dr dt
For constant a: AG = w; At + %a AP
zzzmﬁj Z‘rnzla L=7xp
z=dL L = mvr L=Iw K = L1102
dt 2
(In general 0, w, @, T are vectors, but most physics 120 problems only need their magnitudes.)
2
Uniform Circular Motion: F.= %
SHM: F, = —kAs w=.k U, = LiAas?
m 2
w=2nf f=1/T
Pendulum, small amplitudes: w = %
Universal Gravitation: Fip = _Gm_zlmg G = 6.67 x 107" Nm? /kg?
T

Meary = 5.09 x 10%* kg
Momoon = 7.34 x 102 kg

Fearth = 6.37 X 10% m (mean)
Fmoon = 1.74 X 10% m (mean)

Zearth = 9.81 N/kg (mean)
c=3.0x10% m/s

Moments of Inertia (Rotational Inertias) about the centre of mass.

Uniform disk: 7 = $MR?, Hoop: I = MR?, Rod: 5 M¢?, Solid Sphere: I = %MRZ, Hollow Sphere: I = %MR2



