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PHYS 1199 Test 1, 2003

Question 1. (18 marks)

A scientist is on the roof of a building and wonders how high it is. It is very quiet, and there are no people
below, so she drops a bag of water. Counting seconds, she then times the interval T between when she
releases the bag and when she hears the sound of the collision between the bag and the ground. She then
neglects the time taken for the sound to reach her, and calculates the height of the building.

i) Draw a neat displacement-time graph for the position of the falling bag (you may neglect air
resistance). Indicate the height h of the building and the time T1 taken for the bag to fall to the
ground.

ii) Showing your working, relate the height h of the building to T1 and to other relevant constants.

iii) The building is in fact 80.0 m tall. Take g = 9.80 ms-2 and calculate T1 to 3 significant figures.

iv) On your displacement-time graph, show the displacement of the sound wave pulse that travels from
the ground up to the scientist on top of the roof. Your graph need not be to scale.

v) Taking the speed of sound at 344 ms-1, calculate T2, the time taken for the sound to travel from the
collision to reach the scientist on the roof, also to 3 significant figures. Show T2 on your graph.

vi) State the time T between release of the bag and arrival of the sound. Think carefully about the number
of significant figures

Recall that our scientist (because she is calculating in her head) neglects time taken for the sound signal.
Further (also because she is calculating in her head) uses g = 10 ms-2.

vii) What value does the scientist get for the height of the building?

viii) Comment on the accuracy under the circumstances.

Question 2. (18 marks)

i) Assuming the orbit of the Earth about the sun to be a circle with radius R = 1.50 1011 m, calculate the
magnitude of the Earth's angular acceleration. Neglect the motion of the sun.

ii) State the direction of the angular acceleration in (i).

iii) The constant of Gravitation is G  =  6.67 10-11 Nm2kg-2. Use this value and your answer to (i) to
determine the mass M of the sun.

iv) The moon has mass mm 7.36 1022 kg. The Earth has mass m = 5.98 0124 kg. The sun has a mass
M =  1.99 1030 kg.

The distance sun-earth = R = 1.50 1011 m. The distance earth-moon = r = 3.82 108 m.

At new moon, the moon lies on a line between the Earth and the sun and is at a distance r = 3.82 108

m from the Earth. Calculate the total gravitational force on the moon due to the sun and the Earth.
(Hint: a diagram may be helpful)

v) State the direction of the force in (iv)

vi) State the magnitude of the acceleration of the moon at new moon, due to the forces exerted by the sun
and the earth.

vii) State the direction of the acceleration in (vi).

viii) Compare your answers for (i & ii) and (vi & vii) and comment briefly (about two or three sentences).
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Question 3. (17 marks)

i) Define the electrical potential difference between two points A and B.

ii) Define equipotential.

iii) What is the direction of the electric field at an equipotential surface?

The figure shows two parallel conducting plates. The upper plate is charged to +3 kV, and the lower plate
to −3 kV. The two plates are 18 mm apart.

iv) On the figure provided (there is a spare in case you spoil this one), sketch the equipotentials for
+2 kV, +1 kV, 0 V, −1 kV and −2 kV.  Your equipotentials should extend at least 20 mm beyond
the edges of the plates.

v) Using your answer to (i) or otherwise, estimate the magnitude of the electric field at A, and indicate
its direction with an arrow on the diagram.

vi) Using your answer to (i) or otherwise, estimate the magnitude of the electric field at B, and indicate
its direction with an arrow on the diagram. You may use a ruler. If you haven't brought one with
you, tear off the ruler provided in the margin. Only an approximate estimate is required.

vii) If an uncharged object is placed at A, would it experience an electric force? Briefly explain your
answer.

viii) If an uncharged object is placed at B, would it experience an electric force? Briefly explain your
answer.
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Question 4. (14 marks)
i)

R
cell

A

V

A set of measurements are undertaken to determine the emf  and
the internal resistance r of a cell. They use an ideal voltmeter, an
ideal ammeter and a variable resistance R, as shown. The resistance
of the wires is negligible. The measured values are

V 5.5 4.8 3.9 3.0 1.4 0.1 Volts

I 10 25 40 60 92 118 mA

Graphically or otherwise, determine the values of the emf  and the internal resistance r of the cell.

ii) A cell with emf 12.0 V and internal resistance 0.6 Ω is to be charged using an ideal DC source with
variable voltage V. The cell is capable of dissipating heat at a rate of 5 W safely, without overheating.

a) Draw a clearly labelled diagram of the circuit and indicate the polarity of the batterty and the
direction of current flow.

b) Determine the highest value of V that may safely be used in charging.

Question 5. (15 marks)
i) From the definition of capacitance, derive an expression for the resistance of a series combination of
two capacitors, C1 and C2. Show your working.
ii)

R
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In this circuit, the switch is closed at time t = 0, when the capacitor
is initially uncharged.

On the axes provided, sketch the following quantities, showing their
values for t < 0 as well as as for t > 0:

a) The voltage VC across the capacitor. On this sketch, show approximately the characteristic time
τ for the circuit, and show the final value of VR.

b) The voltage VR across the resistor.

c)  The voltage Vε across the (ideal) emf.

d) The voltage VS across the switch.

(Hint: check that your sketches satisfy Kirchoff's loop rule)

Remember to show their values for a t < 0 as well as for t > 0.

Two sets of axes are provided, in case you spoil one


