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QUALIFICATIONS


2 HOURS 30 MINUTES

Read Carefully

1.
All questions should be attempted.

Section A (questions 1 – 20)

2.
Check that the answer sheet is for Physics Higher (Section A).

3.
Answer the questions numbered 1 to 20 on the answer sheet provided.

4.
Fill in the details required on the answer sheet.

5.
Rough working, if required, should be done only on the paper provided and not on this question paper.

6.
For each of the questions 1 to 20 there is only one correct answer and each is worth 1 mark.

7.
Instructions as to how to record your answers to questions 1 to 20 are given on page three.

Section B (questions 21 to 31)
8.
Answer questions numbered 21 to 31 on the answer sheets provided.

9.
Write your name, class and the name of your teacher on each piece of answer paper you use.

10.
Enter the question number clearly in the margin of the answer sheet beside each of your answers to questions 21 to 31.

11.
Care should be taken to give an appropriate number of significant figures in the final answers to calculations.

DATA SHEET

COMMON PHYSICAL QUANTITIES

	Quantity
	Symbol
	Value
	Quantity
	Symbol
	Value

	Speed of light in vacuum

Magnitude of charge on electron

Gravitational acceleration

Planck’s constant
	c

e

g

h
	3.00 x 108 ms-1

1.60 x 10-19 C

9.8 ms-2
6.63 x 10-34 J s
	Speed of sound in 

air

Mass of electron

Mass of neutron

Mass of proton
	v

m 

m 

m
	340 ms-1 

9.11 x 10-31  kg 

1.675 x 10-27  kg

1.673 x 10-27  kg


REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of 273 K.

	Substance
	Refractive Index
	Substance
	Refractive Index

	Diamond

Crown glass
	2.42

1.51
	Water

Air
	1.33

1.00


SPECTRAL LINES

	Element
	Wavelength/nm
	Colour
	Element
	Wavelength/nm
	Colour

	Hydrogen

Sodium
	656

486

434

410

397

389

589
	Red

Blue-green

Blue-violet

Violet

Ultraviolet

Ultraviolet

Yellow
	Cadmium
	644

509

480
	

	
	
	
	Lasers

	
	
	
	Element
	Wavelength/nm
	Colour

	
	
	
	Carbon dioxide

Helium-neon
	9550  }
10590 }

633
	Infrared

Red


PROPERTIES OF SELECTED MATERIALS

	Substance
	Density /

kg m  
	Melting 

Point /

K
	Boiling

Point /

K

	Aluminium

Copper

Ice

Sea Water

Water

Air

Hydrogen
	2.70 x 103  

8.96 x 103  

9.20 x 102  

1.02 x 103  

1.00 x 10  

1.29

9.0 x 10-2  
	933

1357

273

264

273

......

14
	2623

2853

.....

377

373

.....

20


The gas densities refer to a temperature of 273 K and a pressure of 1.01 x 105   Pa,

and atmospheric pressure  =  1.01 x 105   Pa.
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	Which of the following contains only scalar quantities?

A     distance, speed, energy

B     distance, velocity energy

C     distance, speed, weight

D     displacement, velocity, time

E     displacement, velocity, weight

The following velocity-time graph represents the motion of a trolley.
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Which of the graphs below is the acceleration- time graph for the motion?
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A tension force of 180 N is applied vertically upwards to a box of mass 15 kg.

[image: image3.png]T=180N -
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Assuming that the acceleration due to gravity is 9(8 ms -2, the acceleration of the box is

A     2(2 ms -2

B     8    ms -2

C     9(8 ms -2

D    12   ms -2
E   21(8 ms -2
An object of mass 4(0 kg is acted upon by the changing force shown in the graph.


[image: image4.png]force/N
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The change in momentum produced by the force is

A       30 kg ms -1
B       60 kg ms -1
C     120 kg ms -1
D     240 kg ms -1
E     480 kg ms -1
In which of the following arrangements of resistors is the resistance between X and Y the same?
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A     1 and 2 only

B     1 and 3 only

C     1 and 4 only

D     1, 2and 4 only

E     1, 3 and 5 only

The circuit shown below is used to determine the internal resistance r of a cell.

[image: image6.png]



Which graph shows how the potential difference (p.d.) across resistor R varies with the current in the circuit?
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A lamp is connected in a Wheatstone Bridge circuit as shown.
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The lamp is rated 3(5 V 0(2 A and operates normally in the circuit.

The Wheatstone bridge circuit is balance when resistor R is

A     0(7 (
B     1(4 (
C     7(0 (
D    17(5 (
E    35(0 (
The oscilloscope trace shown below is obtained from an a.c. power supply.

[image: image9.png]



The Y-gain of the oscilloscope is set at 2(0 V/div.

The r.m.s. voltage of the signal is

A    0 V

B    3(1 V

C    4(4 V

D    6(2 V

E    8(8 V 

A microwave transmitter is directed at a metal plate which has two slits P and Q in it as shown. The microwave radiation emitted has a wavelength of 3 cm.
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A microwave receiver is moved from R to S and in doing so, detects maxima and minima of intensity at the positions shown.
What is the path difference between PR and QR ?

The diagram below shows an experiment in which a computer is used to draw a voltage – time graph for the charging of a capacitor from a supply of e.m.f. 10 V.
The supply has a negligible internal resistance.

[image: image11.jpg]monitor —| [ voltage/V





When the switch is closed, a graph appears on the monitor screen as shown. switch S is then opened. the capacitor is fully discharged and the values of C and R are both increased. switch S is now closed again. If no other changes are made, which of the following graphs appears on the monitor screen ?


	3.
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	An aircraft accelerates uniformly from rest to a speed of 120 ms -1 in a distance of 800m.

The acceleration of the aircraft is

A     2(0 ms -2
B     3(3 ms -2
C     6(7 ms -2
D     9(0 ms -2
E     18  ms -2
Two masses are joined together by string Y and then hung from a beam using string X.

[image: image12.png]1 kg RS
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String X is burned through using a candle.

Neglecting the mass of each string, what is the tension in string Y

I   BEFORE string X is burned through, and

II  AFTER string X is burned through?

A ball of mass 0(2 kg moving at 2(0 ms -1 strikes a wall and rebounds at 1(0 ms -1 as shown below.

The change in kinetic energy of the ball during the collision is

A     0(2 J

B     0(3 J

C     0(5 J

D     0(6 J

E     0(9 J

An airbag is easily compressed by a person’s head on impact. This helps protect the persons head because it

A     decreases the impulse applied 

       to the head

B     increases the impulse applied 

       to the head

C    decreases the time of impact  

      of the head

D    increases the time of impact of 

       the head

E    decreases the change of 

       momentum of the head

When a substance changes from liquid to gas at atmospheric pressure, its density changes by a factor of

A     10 -5
B     10 -4
C     10 -3

D     10 -2
E     10 -1.

Which of the following graphs shows the relationship between the volume of an enclosed mass of gas and its temperature when its pressure is kept constant.
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Four resistors are connected to a 12 V battery with negligible internal resistance as shown.
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The potential difference between points A and B is

A     0 V

B     1(5 V

C     6(0 V

D     12  V

E     24  V  

A cell of e.m.f. of 1(5 V and an internal resistance of 0(2 ( is connected to a load resistor of 4(7 ( as shown.

The terminal potential difference of the cell is

A     0 V

B     0(06 V

C     0(20 V

D     1(44 V

E     1(50 V

In the following Wheatstone bridge circuit, the reading on the voltmeter is zero when the resistance Rv of the variable resistor is set at   1 k(.

[image: image15.png]



Which of the following would best represent the shape of a graph of the voltmeter reading V

against the resistance Rv as it is varied between 990 (  and 1010 (?
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Section B

Write your answers to questions 21 to 29 in the answer book.

21.    An electric wheel chair is driven up an access ramp to a building as shown.

[image: image18.png]component of weight





The total mass of the wheel chair and person is 100 kg.

The angle of the slope is 6 º

a) (i) Calculate the component of weight of the wheel chair and person   

acting down the slope as shown in the diagram above.

(ii) The frictional forces acting on the wheelchair are 20 N.

Calculate the total driving force required to move the wheel chair at  

constant speed up the ramp. 






4
b) The wheelchair is powered by a 12 V battery with negligible internal resistance. The maximum useful driving power of the motor is 24 W and the efficiency of the motor is 60 %.

Calculate:

(i) the maximum power supplied by the battery;

the current in the motor.







3

(7)


21
a) i) W down slope = mg.sin(

(1)

       W down slope = 100 ( 9(8 ( sin 6(
(½)

       W down slope = 102.4 N

(1)

ii) F = W down slope + Friction

(½)


F = 102.4 + 20

F = 122.4 N 

(1)

b) i) P = 100/60 ( 24
(½)


       P = 40 W
(1)

   ii) I = P/V
(½)
Ans consistant with (bi)


I = 40/12



I = 3.3 A

(1)



(7)

22.
A construction company has been contracted to build a link bridge between two buildings



from  A  to  B  as shown in the diagram below.




[image: image19.png]



As an initial step it is intended to fire a light, but strong, wire rope from  A  to  B.

The wire is to be connected to an arrow which is to be fired from a gun positioned

at an angle of 60 0 to the horizontal at point  A.  The arrow should attach itself at

position  B  on the taller building.

Assuming air resistance to be negligible:

a.
What time will it take for the arrow to reach point  B  if fired from 

position  A  as shown above?







2

b.
What height is point  B  above ground level?





3

c.
What is the resultant velocity of the arrow just prior to striking the



building at point  B?








3














(8)

22.
a)
(i)

(ii)
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c.
v  =  u + at 
( ½ )


v = 13  + (- 9.8) x 2    


v=   -6.6 m/s
(1)


If initial calculation does not have a negative value or any indication of a 

downwards direction, then wrong physics and stop marking unless clearly stated 
below. Max mark ½   This is an “ A” type question.



Resultant  =  10 m/s at 41.3 deg below ( ½ ) the  horizontal

23.    Two cars are involved in a road accident. A moving car, X, brakes heavily skids 

and collides with a stationary car, Y.   During and after the collision both cars remain 

locked together.

[image: image24.png]skid marks
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Car X has a mass of 1(1 ( 10 3 kg and car Y has a mass of 1( 3 ( 10 3 kg.

(i) Police investigators estimate the impact speed of car X with car Y to be 12 ms -1.

Use conservation of momentum to calculate the speed of the cars  immediately after the collision.

(ii) Explain why, even if an accurate impact speed for car X was known, 

that using the principle of conservation of momentum to calculate  

the speed  of the cars can only be an estimated value of the speed  

in this situation.








3
The police investigators measure the length of the skid marks left on the road by car X to be 18 m long. From the condition of the road surface they estimate the deceleration of car X during the skid to be 6(0 ms -2 

Estimate the speed of the car when it began to skid.




2










          

(5)

23 a) i) 
m1u1 + m2u2 = m1v1 + m2v2
(½)


1(1 ( 10 3 ( 12 = (1(1 + 1(3) ( 10 3v
(½)



v = 5(5 ms -1
(1)

        ii) Friction provides external force


(1)

(a vague mention of friction or friction between cars (0))

b) v 2 = u2 +2as




(½)

12 2 = u 2 + 2 ( -6 ) .18
(½)

u   = 19 ms -1




(1)

(5)
24) A tyre pressure gauge is used to measure the pressure of air inside a tyre. 
 When connected to the tyre the air pressure pushes a metal cylinder on which 
 the scale of the pressure gauge is marked.

[image: image25.jpg]pressure gauge
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a) The tyre has a volume of 0.02 m 3. The gas in the tyre has a density of 3.0 kg m-3. 
What is the mass of gas contained in the tyre?

2

b)  The pressure gauge reads 180 kPa when the temperature of the air in the tyre is 
17 °C. At the end of a long journey the temperature of the air in the tyre has increased to 47°C. What will the pressure gauge now read?

(Assume the volume of the tyre remains unchanged).

i) Describe how the kinetic model of gases accounts for the increase in pressure 
when the temperature of the gas in the tyre increases.

ii) Some air escapes from the tyre.
 State the effect this has on the pressure and explain why this is the case.

6

(8)

24 a 
m =  . v
½ 


m = 3 x 0.02
½ 

m = 0.06 kg
1
b). 
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c)


i).
Temp  speed of molecules ( or EK )
½ 



 no of collisions  ( ½ )    &  force of collisions   
½ 



 Total /Average force of collisions or P = F/A  
½
2
2


ii )
Less air  less molecules / particles 
½ 



Fewer collisions 
½


Less total / Average Force on surface
½


Less Pressure 
½ 





2




Order not important.


(8)

25.    A nuclear power submarine can stay at sea for long periods of time.

[image: image27.png]



(a) The submarine dives to a depth of 600 m.

Calculate the total pressure on the outside of the hull of the submarine 

at this depth.









3

(b) Explain how the buoyancy force acting on the submarine is produced 

            when it is submerged in sea water.






2

  











(5)

25. a)
p = ρgh
(½)

p = 1(02 ( 10 3 ( 9(8 ( 600
(½)

p = 6 ( 10 6 Pa
(1)
If density value is incorrect, eqn mark only. BUT carry value forward below:
Total pressure = 6 ( 10 6 + 1(01 ( 10 5


Total pressure = 6(1 ( 10  Pa


(1)
       b)  
Pressure is directly proportional to depth.
(½)
Pressure on bottom of submarine is greater than pressure on top of submarine.
(½)
Force on bottom is greater than force on top of submarine
(½)
Net upward force




(½)
mark explanation statements independently


(5)

26.
In a particle accelerator, alpha particles are accelerated to high speeds towards a target 

through an evacuated chamber.  The alpha particles pass between a pair of parallel plates,

P  and  Q, that 
are connected to a high voltage power supply as shown below.
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The potential difference between  P  and  Q  is 50 kV.

The alpha particles have a mass of 6.65 x 10 -27  kg and a speed of 1.0 x 10 6 ms -1 as they 

pass through the hole in plate  P.

a.
Calculate the kinetic energy of the alpha particles at plate  P.  

2

b.
Show that the kinetic energy gained by the alpha particles between plates


P  and  Q  is 1.6 x 10 -14 J.  The α  particle has a charge of 3.2 x 10-19 C.
2

c.
Calculate the speed of the alpha particles as they pass through the hole 

in plate  Q. 








2













(6)

26.
a.
E K
=    ½ mv2  (½)




=   ½ x 6.65 x 10-27 x (106)2
(½)



=    3.325  x  10-15  J





(1)  


b.
EW 
=  QV
(½)






=   3.2 x 10-19  x 5 x 104
(1)  




=   1.6 x 10-14  J    
      (½)         no final line (-½)

c.
E TOTAL 
=   3.325 x  10-15 + 16 x  10-15 





=   19.325 x 10-15 J




 (½)


½ x 6.65 x 10-27  v2
 =    19.325 x 10-15  





     v2   =      2 x 19.325 x 10-15  


(½)






6.65 x 10-27  






=      5.812 x 1012         





     v
=       2.41 x 106  m/s


(1) 


If Total EK is not calculated then 0 marks for part c.

BUT, allow ARITHMETICAL errors, either carried forward or 

when calculated above.


(6)

27.    
A battery with an e.m.f. E of 4.5 V and an internal resistance r of 1.2 Ω is connected 

in the circuit shown below.

[image: image29.png]10 Q
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(a)
Initially both switches S1 and S2 are open.  What is the reading on the voltmeter?

1

(b)
Switch S1 is now closed.  Determine:


      (i)
the reading on the ammeter;


      (ii)
the reading on the voltmeter.








3

©
Switch S2 is now also closed.  Describe what happens to both the ammeter and 

voltmeter readings.  You must justify your answers.





2













            (6)
27.  a)
4.5 V (1)
1
       b)
 i)
I  =  E/(R + r)
(½)

   =  4.5 / (10 + 1.2)
( ½ )

   =  0.40 A
( ½ )

ii)
V  =  IR
( ½ )

    =  0.40 X 10 
( ½ )

    =  4.0 V 
( ½ )
3
OR



I.r = 0.4 x 1.2 = 0.48  ( ½ )


I.r = 0.4 x 11.2 = 4.48  ( ½ )

RT = 10 + 1.2 = 11.2  ( ½)



TPD = 4.48 – 0.48 = 4V ( ½ )

       c)

ammeter reading increases



(½)



load resistance decreases so current increases

(½)


voltmeter reading decreases  (½)


lost volts increases so t.p.d. decreases  (½)
2
Note:  An attempt at a justification must be made to gain the (½)s for the effects on 

the meter readings otherwise 0 marks for each part.

28.
A Wheatstone bridge is used to monitor the temperature of gas in a pipe.

         
A length of platinum resistance wire forms one part of the Wheatstone bridge  

         
circuit. The wire is inserted into the pipe containing the gas as shown below.  

         
The 9 V supply has negligible internal resistance.
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(a)      (i) The bridge is initially balanced. What is the reading on the voltmeter?

          (ii) Calculate the resistance of the platinum wire.




3        












       

(b) The graph below shows how the resistance of the platinum wire varies with temperature.
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The temperature of the gas and the platinum wire is changed to 600 (C. The Wheatstone 

bridge is now out of balance.

(i)   What is the resistance of the platinum wire at 600 (C?

         (ii)     Calculate the p.d. across the 1(0 k( resistor.

         (iii)   Calculate the reading on the voltmeter.               


        

6













(9)

28. a) i)
0V  (1)
1
ii)  
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b) i)
420 (  (1)
1
ii) 
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2

This can also be done by using ohm’s law

        iii)
Voltage across 6(6 k( resistor = 6V   (1½  for Calculation & value )
1½

This can be achieved by voltage divider formula or other method. 


Voltmeter reading = 6(34 – 6  (½)


= 0(34 V  (1)
1½

(9)
29.
A student is investigating the charging of a capacitor using the circuit shown below.


The 9.0 V battery has negligible internal resistance and initially the capacitor is uncharged.



(a)
The capacitor has a capacitance of 2200 μF.  Explain what this means.


1

(b)
Switch S is now closed and the capacitor allowed to charge fully.


      (i)
Calculate the maximum current during the charging process.


      (ii)
State when the maximum current occurs.


      (iii)
Determine the potential difference across the capacitor when it is fully charged.

4












         (5)

29.
a)
2200 µC of charge is stored per volt (1)
1

b)
i)
I =  V/R  (½)


=  9.0/15 x 103  (½)


=  6.0 x 10-4 A  (1)
2

ii)
t = 0 / immediately after S is closed OR  at start (1)
1

iii)
9.0 V  (1)
1

(5)

30.
A ray of light from a red laser is shone into a glass block. The laser beam has a 

frequency of 4.5 x 1014 Hz and the glass block has a refractive index of 1.53.



(a)
Calculate the wavelength of the laser beam as it passes through 


the glass block.
3

(b)
The angle of incidence of the laser beam on the block is 38º.






On the worksheet provided, draw the path of the laser beam until


it leaves the glass block.



Calculate and mark all the angles as appropriate.
4



(7)

30.
(a)
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Calculate 36.3º     ( 1 )



Draw angle 40º ( 1º)    ( 1 )
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Unfortunately 60º triangle from P&N is not “true”.
Therefore go with what candidate has drawn written and mark the physics.
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