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PHYSICS
20017 NATIONAL QUALIFYING EXAMINATION

Time Allowed:
Reading Time: 15 minutes
Examination Time: 120 minutes

INSTRUCTIONS

Attempt ALL questions.

Permitted materials: Any Calculator.

Answer SECTION A on the ANSWER SHEET PROVIDED.

Answer SECTIONS B & C on your OWN WRITING PAPER.

Do not answer any questions on this question paper.

Make sure that you attach your answer scripts to your completed cover sheet.
Particular attention should be paid to giving clear diagrams and explanations.

All numerical answers must have units.

SECTION A 20 multiple choice questions 20 marks
SECTION B 3 short answer questions 18 marks
SECTION C 1 long answer question 12 marks

Total marks for the paper 50 marks





SECTION A

Multiple choice questions.

Answer ALL questions on the answer sheet provided.

One mark each for a total of 20 marks.

As a guide, you should spend about 45 minutes on this section.

Q1
An electric heater converts 1 kJ of electrical energy to heat energy every second with 100%

efficiency. The power produced is

A. 1 W

B. 1 kW

C. IMW

D. 1 kJ

E. 1 J

Q2
The speed of sound in steel is approximately

A. 6,000 m.

B. 6,000 N

C. 6,000 Pa

D. 6,000 kg/s

E. 6,000 m/s

Q3
A solid steel ball has a small positive electrical charge on it.  It is brought into contact with an identical uncharged ball and then they are separated.  After contact the electrical charges on the balls are


A. swapped: the charge is transferred to the second ball.


B. unchanged: static electricity cannot flow.


C. unchanged: the charge is in the interior of the ball and cannot affect the second ball.


D. cancelled: there is no net charge after the contact.


E. equal: the original charge is shared equally between the two balls.

Q4
In which of the following electrical circuits does the light bulb glow brightest?  Ignore the internal resistance of the batteries.  The batteries are identical, and are represented by two parallel lines, with the shortest the negative terminal.  The bulb is represented by the circular symbol.
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Q5
A red R and a blue B are printed on white paper.  The letters are illuminated by a white light and viewed through a blue filter, which transmits only blue light.  One can make out


A. Only the R clearly.


B. Only the B clearly.


C. Both the R and the B clearly.


D. Neither the R nor the B at all.


E. Both can be seen provided a blue light is used for illumination.

Q6
A steel ball rolls along a low friction horizontal track with a speed of 2 m/s.  It collides with another identical ball at rest on the track.  In the collision both the total momentum and total kinetic energy of the two balls is conserved.  After the collision:

A. Both balls roll along the track at 1 m/s in the same direction.

B. Both balls roll along the track at 2 m/s in the same direction.

C. The incident ball bounces back at 1 m/s, the hit ball rolls forward at 1 m/s.

D. The incident ball bounces back at 1 m/s, the hit ball rolls forward at 3 m/s.

E. The incident ball is at rest and the hit ball moves at 2 m/s.

Q7
In everyday life, visible light is not usually observed to diffract around corners because

A. it consists of photons.

B. it is usually unpolarised.

C. it is a transverse wave.

D. its wavelength is too long.

E. its wavelength is too short.

Q8
At a car racing track the sound of cars moving towards you is noticeably higher in frequency than that of cars moving away from you.  This is because


A. Cars coming towards you are going faster.


B. The speed of the sound increases for cars coming towards you.


C. The effect is a purely psychological illusion.


D. Successive wave crests have less distance to travel when the source is approaching you.


E. The car’s motion increases the wave amplitude.

Q9
A generator at a hydro power station is powered by 2000 kg/s of water flowing through its turbine at a speed of 10 m/s.  If the generator converts 80% of the water's kinetic energy to electricity, the electrical power output from the turbine is


A. 80 kJ


B. 80 kW


C. 800 kW


D. 800 kJ


E. 8000 MW

Q10
A moving truck crashes into a stationary car.  The truck's mass is ten times that of the car.  How does the magnitude of the force exerted by the truck on the car compare with that exerted by the car on the truck?

A. The force the truck exerts on the car is ten times bigger.
B. The force the truck exerts on the car is ten times smaller.

C. The ratio depends on the speed of the truck.

D. They are the same.

E. The car does not exert a force on the truck.

Q11
A uniform wave has a speed of 10 m/s and a frequency of 2 Hz. Its wavelength is

A. 0.2 m.

B. 20 m.

C. 20 Hz.

D. 5 m.

E. 100m.

Q12
The following diagram shows the electric field lines between two opposite charges.  The positive charge is indicated by the black circle, the negative charge by the white circle.  An electron starting from rest at the indicated position (X), and accelerated to high speed by the electric field, will most closely follow which trajectory?
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Q13
A fast moving electron beam passes between two parallel plate electrodes as shown in the diagram.  The bottom plate is kept at zero potential, while a slowly varying positive voltage is applied to the upper plate, as shown in the graph.  After passing between the plates the beam hits a screen and makes a spot.  As the potential varies the spot is
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A. deflected up

B. deflected down

C. undeflected

D. deflected up then down

E. deflected down then up

Q14
The spring constant is the ratio of the force a spring exerts to the length change producing the force.  Two identical springs with spring constants of 4 N/m are joined end to end to make a composite spring.  The spring constant of this composite spring is

A. 1 N/m

B. 2 N/m

C. 4 N/m

D. 8 N/in.

E. Undefined, since the composite spring's extension and force are not proportional.

Q15
Two convex lenses of focal lengths f and 2f are arranged to have their foci at the same point, as shown in the diagram.  A beam of parallel light rays 1 cm across is shone into the first lens.  The beam exiting the second lens is:
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A. diverging 

B. converging.

C. Parallel and 0.5 cm across.

D. Parallel and 1 cm, across.

E. Parallel and 2 cm across.

Q16
What is the resistance between points A and B of the network of resistors shown Mi the diagram?  Each resistor has a resistance of 1 Ohm.
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A. 1. 5 Ohm.

B. 2 Ohm.

C. 2.5 Ohm.

D. 3 Ohm.

E. 6 Ohm.

Q17
Four identical light bulbs, labelled A, B, C, and D are arranged in the circuit shown.  The circuit is powered by a 240V AC source with no internal resistance. Which light is brightest?
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A. A.

B. B.

C. C.

D. D.

E. They are all equally bright.

Q18
This question refers to the circuit in Q 17.  Light D blows, that is it becomes an open circuit through which no current can flow.  What happens to the other lights?

A. They all dim.

B. B goes out, both A and C dim.

C. B goes out, A dims, C brightens.

D. B goes out, C dims, A brightens.

E. B goes out, both A and C brighten.

Q19
A prism is made of glass which has a higher index of refraction for violet light than for red light.  Which diagram best indicates the paths of red and violet light rays through the prism?
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Q20
Yachts are able to sail into the direction of the wind by tacking back and forth across the wind direction.  On a windless day a yacht is drifting down river on the river's current.  Hence the yacht experiences a wind due to its motion through the air.  Can the yacht increase its down river speed by raising its sail and using this wind?

A. No, this would violate conservation of energy.

B. No, this would violate conservation of momentum.

C. No, according to Einstein's theory of relativity the wind is the same in all frames.

D. No, it is contradictory for the yacht to experience a wind on a windless day.

E. Yes, the yacht experiences a wind and can tack into it.

SECTION B

Short answer questions.

Attempt ALL questions. Six marks each for a total of 18 marks.

As a guide, you should spend about 45 minutes on this section.

Q21
A helicopter has a main rotor of length, from axis to tip, of L = 5m.  The speed of the rotor tip through the air cannot exceed the speed of sound, which we assume to be 340 m/s.  Assume the rotors are rotating at f = 9 revolutions per second.

(a)
What is the maximum forward air‑speed of the helicopter, which ensures that the rotor tips do not exceed the speed of sound? 
[4 marks]

It is proposed that end caps be attached to the end of the rotors to improve their aerodynamics.  The end caps have a mass of m = 0. 1 kg, and are to be attached with glue that has a yield strength of 106 N/m2.  This is the maximum force per unit area that the glue can withstand without breaking.  The area available for gluing is 5 cm.

(b) 
Calculate whether this glue is able to provide the centripetal force, F = m (2π)2f2L required to rotate the end caps.
[2 marks]

Q22
A container on a table is kept filled with water to a height of 20 cm.  It has a hole in the side 10 cm below the water level, and hence 10 cm, above the table top.  See diagram. (In the following ignore effects such as viscosity and surface tension.)
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(a)
Use conservation of energy to estimate the speed of the water stream coming out of the hole.


The acceleration due to gravity g = 9.8 m/s2

(b)
What distance D does the stream of water coming out of the hole travel horizontally before it hits the table?

Q23
You are provided with a convex (converging) lens, a concave (diverging) lens, a source of parallel light rays, a screen, and an optical bench on which all these components can be mounted and arranged in any order.  The optical bench has a distance scale, which allows accurate measurement of the distances between the components.  Explain in words how you would use only this equipment , and nothing else, to measure the focal lengths of the lenses.  In each case provide a diagram of the set up and show some special rays.

(a)
The convex lens.
[3 marks]

(b)

The concave lens. (The focal point of a concave lens is defined to be the virtual point from which incident parallel rays diverge). Assume its focal length is smaller in magnitude than that of the convex lens.

[3 marks]

Section C

Long question.

This question is worth 12 marks.

As a guide, you should spend about 30 minutes on this section.

Q24
After a golf ball is hit by a club there are three phases to its motion: the flight, the bouncing, and the rolling.  Note that the four parts of this question are independent ‑ if you cannot answer something, try the next part.  Throughout this problem ignore air resistance and any effects due to the ball's spinning.

The impact of the club on the ball is well approximated by a free body collision between the club head, of mass M, and the ball, of mass m.  Momentum is conserved, but energy is lost as the ball deforms.  The latter is described by the coefficient of restitution, e, which relates the difference between the head and ball speeds before the collision to that after the collision.  Using subscripts h and b to denote the head and ball, and subscripts i and f to denote the initial and final speeds: vbf – vhf =  evhi

(a)
The impact.  Use this information to derive a formula for the speed of the ball after the collision vbf  in terms of the speed of the head before the collision vhi, the coefficient of restitution e, and the masses M and m.





[4 marks]

(b)
The flight.  Derive a formula for the flight distance of the ball D, through the air until it hits the ground, in terms of vbf, the acceleration due to gravity g, and the angle with the horizontal θ at which the ball is launched into the air.





[2 marks]

(c)
The bouncing.  Denote the horizontal and vertical components of the ball's velocity after rebounding from the ground the first time vrx and vry .  In terms of these, and g, derive a formula for the length of the first bounce, B1.





[1 mark]

Assume that the horizontal component of the velocity does not change on rebound from the ground, but that the vertical component is halved at each bounce.  Estimate the total distance the ball bounces B, assuming a large number of bounces.



[3 marks]

(d)
The rolling.  Let it start rolling with the speed vrx and be stopped by the constant frictional force F. Derive a formula for the distance the ball rolls R in terms of its mass m, vrx and F.




[2 marks]

