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INSTRUCTIONS:

1. Do all questions. Marks are indicated in the left margin. Budget time accordingly.

2. Write your name and student number on each page.

3. You may use a calculator. All other aids are prohibited.

4, Write answers neatly in space provided. If necessary, continue onto the back of the page.
5. Do not erase or use “whiteout” to correct answers. Draw a line neatly through material to

be replaced and continue with correction.
6. Assume all information given is accurate to 3 significant figures.

7. Don’t panic. If something isn’t clear, ASK!
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[10] 1. (a) Pendulum a is a simple pendulum consisting of a
0.5-kg mass suspended from a massless string of
length 0.80 m. Pendulum b is a uniform 1.0-kg rod of
length L hanging from a pivot at one end. Its moment

length=0.8 m

mcss 1.0 kg

of inertia about that pivotis / = %mL2 . Its period is [- ?

mass=0.5 kg
the same as that of pendulum a. What isL?
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(b) A 0.2-kg mass attached to a spring is oscillating on a
horizontal frictionless surface with a period of 0.7 s and
an amplitude of 2.3 cm.

(i) What is the force constant of the spring?
(ii) What is the total mechanical energy of the system?
(iii) If the position of the mass is x = 2.3cm at ¢ =0 s, what is the earliest positive time

for which the Ve1001ty of the mass is v, =+20.6cm/s?
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[10] 2. (a) The diagram represents displacement amplitude
versus position along the tube for a mode in a tube
that is open at one end and closed at the other. The
frequency of this mode is found to be 440 Hz.

x=0 x=L

(i) If the speed of sound in air is 343.2 m/s, what is the length of the tube?

(i) Assuming the same speed of sound, what is the lowest frequency at which this

tube will resonate?

; , A TUBE wiTH ONE END OPEN,
[3} (i) Fo ne S - 5 (293.2m/5)
nv YLE . L_' L =
=Tl ’ wrene 1T = 343.2m/s = ‘/f q/qqo Hz)
=440 Hz “)
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(AN, 1-v 393.2m)s
’S(“\ f, - = = 88.0 lz
L7 4 (0.975m)
(b) Two speakers, located as shown, emit sound waves in phase. Speaker 1 is at the
origin and speaker 2 is 8.0 m along the y-axis as shown. An observer starts from
speaker 1 and walks away from it along the x axis. The observer first notices a
minimum in the sound intensity when 34.0 m from speaker 1. Take the speed of
sound in air to be 343.2 m/s.
Y
(i) What is the wavelength of the sound? speaker 2
(i1) The observer now stays in place as the !
frequency emitted from the speakers is increased.  som \ s
What is the frequency when the sound at the | —
location of the observer is a maximum? speaker 1 ﬁ
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[10] 3. A sinusoidal wave propagates along a very long string in the positive x-direction.
The wavelength is observed to be 2.7 m and the period is 0.08 s. The linear
density (mass per unit length) of the string is 0.0065 kg/m.

(a)  What is the speed of propagation for this wave?

(b) If the maximum transverse speed of a point on the string is 4.0 m/s, what
is the amplitude of the wave?

(©) What is the tension in the string?

(d) A second string is made of the same material but with twice the cross-
sectional area of the original string. The second string is stretched with
half of the tension applied to the original string. What is the wavelength
for the second string if the period is kept at 0.08 s? (Show all steps in your

calculation.)
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[10] 4. One charge, g, =+2uC, is located at the origin. A second charge, g, = +3 uC,
is located at x=1.5m, y=0m. Point P is located on the y-axis at y =1.5m.

(a) Find the location on the x-axis where the electric field is zero.
(b)  On the diagram, draw vectors representing £ , and EB at point P.
(© What would be the magnitude of the force on a charge g. =-0.15uC,

placed at point P, due to charge g ?

(d) Imagine a spherical surface, centred on the origin, with a radius larger than
1.5 m. What is the total electric flux through that surface due to chargfs
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Some Potentially Useful Formulae and Constants:

d*x )
ar? e
Fo= kg (Hooke's Law)
2
W= - (angular frequency)
a)Z kspring
m
=L
L
o? = mgd
I
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k= - (angular wave number)
v=f4 (wave speed)
T
v=_[—
M
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Physical constants:
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e=1.60x10""C

g=9.81m/s’




