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Introduction
This file contains past paper questions from 1992–1998 inclusive1. It is intended for teachers who want to quickly
locate PPQs on an area of Higher Physics. In my experience, it works best when opened in Adobe with the zoom set
to 100%.

It is likely that there are a great many mistakes in this PDF: broken links, incorrect answers — please let me know
if you find any. An up-to-date version of this file is kept here; compare your filename with the most recent version to
check you have the newest one.

It was my intention to keep splitting-up Higher past papers and stop where Mr Davie started; however, given that
the uncompressed version of this file was over 80 MB, I have come to the conclusion that this resource would be better
on a website which we can all access, perhaps using Google Sites or maybe hosted by the IoP or some other interested
party. Figuring-out how best this might be done is one of those never-ending projects which I might get around to
some day.

1I think this is correct, I can’t quite remember how far I got. I last opened this file in November 2019.
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1992 1993 1994 1995
P1 P2 P1 P2 P1 P2 P1 P2

Graphs of Motion 2 1(a) 2(a)(i) 1 1(a) 1 2 31 4(d)(ii) 2 4
suvat 1 3(a) 2 2(b) 3 1 3 2
Forces, Energy and Power 5,6-8 1(c,d) 3 1(b) 2(a) 3(b)(ii, iii) 4-6 9 2 3(b) 4(a) 5-7 3(a)(i) 4(a)(b)(i)(c)
Collisions and Explosions 9 3(b)(i-ii) 5 3(a)(b)(i) 8 4(b) 3(a)(ii)(b)
Impulse 7 1(c, d) 7 4(d)(i) 8
Gravitation 4 4 31
Special Relativity
The Expanding Universe
Forces On Charged Particles 7(a-b) 11 8(c)
The Standard Model
Nuclear Reactions 11(a)(i-v) 30 29 37 28 11
Inverse Square Law 9(d) 23 10(c) 25 26
Wave-Particle Duality 24, 25 26 26-28 27 8(a, b)
Interference 9(b) 20 36 24 35 24, 25
Spectra 37 8(a, b, c) 9(b) 10 23
Refraction of Light 10(a)(i) 21 22 21, 22 23 9 21 22 9
Monitoring and Measuring AC 14 8(a)(i) 34 18 15
Current, Potential Difference, Power and Resistance 6(b) 12 13 6(b)(i-ii)(c) 12 13 5(a) 12-14 5
Electrical Sources and Internal Resistance 5(a)(i-iii) 5(b) 14 6(a)(b)(iii) 14 6(b) 6(a) 7(b, c)
Capacitors 13 6(a), 6(c)(i-ii) 15, 16, 17 18 35 5(a)(i)(b) 11 16 17 6(a) 8 17, 18 19 6(b)
Semiconductors and P-N Junctions 27 10(a) 36 10
Open Ended
Unseen Formula 7(a)
Graph Plotting 1(b) 11(a)(i, ii)
Uncertainties 3 3(c) 6 5(a)(ii, iii) 12



1996 1997 1998 1999
P1 P2 P1 P2 P1 P2 P1 P2

Graphs of Motion 1 5 2 2 2(d) 1 3
suvat 3 3-5 1(b) 3 31 1(a)(iii–iv)(b) 2(d) 1 4, 5 31
Forces, Energy and Power 4 6, 7 1(a) 2 6 7 31 32 10 5 6 1(a)(i, ii) 2(a–c) 6
Collisions and Explosions 8 3(a) 33 3(a, b) 7 32
Impulse 9 3(b)(i, iii) 8 9 3(c) 3(a) 7
Gravitation (Projectiles) 2 4
Special Relativity
The Expanding Universe
Forces On Charged Particles 11 6 12 7 33
The Standard Model
Nuclear Reactions 28 11 29 30 27 11(a) 29 36
Inverse Square Law 27 23 24 25 25 35
Wave-Particle Duality 26 10 35 26 27 37
Interference 25, 26 21 8 24 23, 24
Spectra 29 25 27 38 28 30 37 9 28
Refraction of Light 21 22, 23 22 9 21 22 10(a) 21, 22
Monitoring and Measuring AC 19 5(b) 18 19 6(a)(ii) 15 16 16 17
Current, Potential Difference, Power and Resistance 12 16 13 14-16 11 33 11, 13 34
Electrical Sources and Internal Resistance 13, 14 35 36 5 12 5 12, 14
Capacitors 17, 18 20 7 17 7 17 18 19 23 6 18, 19
Semiconductors and P-N Junctions 24 37 26
Open Ended
Unseen Formula 1(a)
Graph Plotting
Uncertainties 1(b) 3(b) 30
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Solutions to SQA examination
1992 Higher Grade Physics

Paper II Solutions

Return to past paper index page. 

 
1.a. From 0s up to 1.5s(point B) the trolley is moving away from the sensor. 
 At 1.5s the trolley stops, changes direction, and moves back towards the  
 sensor for the next 2s. 
  
 This means the trolley is at its greatest distance from the trolley after 1.5s. 
  
   b. From OA   From AB   From BC 
  
 u = 0m/s  u = 1.5m/s  u = 0m/s 
 v = 1.5m/s  v = 0m/s  v = -1m/s 
 t = 0.5s  t = 1s   t = 2s 
 a = ?   a = ?   a = ? 
 
 a = (v-u)/t    a = (v-u)/t  a = (v-u)/t 
 a = (1.5-0)/0.5  a = (0-1.5)/1  a = (-1.0-0)/1 
 a0A = 3m/s/s  aAB = -1.5m/s/s       aBC = -1m/s/s 
 
 

  
 
   c.  
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 Fslope = component of gravitational force acting down the slope. 
 
   d.  When moving up the slope: both Fslope and Ffriction are acting in  
 the same direction. This means that the unbalanced force causing  
 the acceleration between A and B is the sum of these two forces. 
 
 Funbalanced =  Fslope + Ffriction 
 
 
 When moving down the slope: Ffriction acts up the slope, in the 
 opposite direction to Fslope. This means that the unbalanced force  
 causing the acceleration between B and C is the difference between  
 these two forces. 
 
 Funbalanced =  Fslope - Ffriction 
 
 The acceleration is therefore greater when the trolley is moving up the slope. 
 
2.a.i. Step 1 : Calculate the energy available from 0.7kg of fuel. 
 
 Eincrease = mass of fuel x energy per kilogram 
 Eincrease = 0.7 x 2.8x107 
 Eincrease = 19.6x106J 
  
 Ek(initial) = 0J 
 Ek(final) = Ek(initial) + Eincrease 
 Ek(final) = 19.6x106J 
 Ek(final) = mv2/2 
 
 v2 = 2Ek(vehicle)/m 
  v = [2Ek(vehicle)/m]1/2 
 v = [2x19.6x106/500]1/2 
 v = [78400]1/2 
 v = 280m/s 
 
 Note:  It is not clear from the question whether the 500kg mass is that 
  of the vehicle and dummy after, or before, burning the fuel. To  
  get an answer exactly equal to 280m/s you seem to have to assume 
  that the 500kg is the mass after burning the fuel. 
 
 a.ii. u = 0m/s 
 v= 280m/s 
 t = 8s 
 a = ? 
 
 a = (v-u)/t 
 a = (280 -0)/8 
 a = 35m/s/s 
 
 s = ut +at2/2 
 s = 0 + 35x82/2 
 s = 1120m 
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  b.i.  

  
 The horizontal velocity of the projectile is constant at 280m/s. 
 The vertical component of the motion will be up to a maximum  
 height and then fall back down to earth. 
 
  b.ii. The maximum height reached by the dummy will occur when the 
 vertical component(vver) of the velocity is zero. 
 
 vver2 = uver2 + 2asver 
 sver = (vver2 - uver2)/2a 
 sver = (02 - 502)/2x(-10) 
 sver = -2500/-20 
 sver = 125m 
 
 
3.a. Step 1: calculate the time that the projectile takes to fall 0.8m. 
 
 sver = -0.8m 
 uver =  0m/s 
 aver = -10m/s/s 
 tver =  ? 
 
 s = ut + at2/2 
 t2 = 2(s - ut)/a 
 t2 = 2(-0.8 - 0)/-10 
 t2 = 0.16s 
 t = 0.4s 
 
 vhor = shor/t 
 vhor = 0.2/0.4 
 vhor = 0.5m/s 
 
3.b.i. Momentum before(Pbefore) = Momentum after(Pafter) 
  
  b.ii. mpelletupellet + mputtyuputty= (mpellet+mputty)v 
 5.0x10-4upellet+0.1x0 = (5.0x10-4+0.1)0.5 
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 5.0x10-4upellet = 0.05025 
 upellet = 0.05025/5x10-4 
 upellet = 100.5m/s   
 
  c. Reducing the mass of the lump of putty will mean that after the collision 
 the pellet embedded in the putty will travel a greater horizontal displacement. 
 This will give a more accurate horizontal velocity, which in turn will give 
 a more accurate value of the pellets initial velocity. 
 

4.a.i.
Pressure/kPa 89 96 103 110 117

Temperature/oC -20 0 20 40 60
Temperature/K 253 273 293 313 333

  a.ii. Take each pair of pressure and temperature reading. 
 For each pair calculate P/T. 
 
 89x103/253  = 351.8 Pa/K 
 96x103/273  = 351.6 Pa/K 
 103x103/293 = 351.5 Pa/K 
 110x103/313 = 351.4 Pa/K 
 117x103/333 = 351.3 Pa/K 
 
 From these calculations it is clear that : P/T = Constant 
 
  a.iii.As the temperature increases the helium atoms have more kinetic energy. 
 With increased kinetic energy the atoms are moving faster and collide 
 with the container walls, and the pressure probe, more frequently 
 and forcefully. The pressure(force/area) therefore increases. 
 
  b.i. P/T = constant 
 T = P/constant 
 T = 24000Pa/(351.5Pa/K) 
 T = 68.3K 
 
5.a.i.  

  
 
 The variable resistor is connected across the audio output terminals. 
 The voltmeter is connected across this resistor and the ammeter measures  
 the current in the circuit. 
 
  a.ii. The internal resistance has a value equal to the negative gradient of 
 the graph. 
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 r = -m 
 
 m = (y2- y1)/(x2- 1) 
 m = (2-1.2)/(0-0.5) 
 m = -1.6W 
 
 =>r=1.6W 
 
  a.iii.The emf of the supply is equal to the output voltage when there is no  
 current in the circuit. 
 
 E = 2.0V 
  
 I = E/(R+r) 
 I = 2.0/(4+1.6) 
 I = 0.357A 
 
 Vloudspeaker = IR 
 Vloudspeaker = 0.357x4 
 Vloudspeaker = 1.4V 
 
  b. When the voltage drop across the internal resistor and the calibrated 
 variable resistor is the same, as will be the case when the voltage  
 across the calibrated resistor is equal to half of the emf, the internal 
 resistor and the calibrated resistor must have the same value. 
 
 
6.a. 

  
 
  b.  Vs = VR + Vc 
 VR = Vs - Vc 
 VR = 9-6 
 VR = 3V 
 
 I = VR/R 
 I = 3/6800 
 I = 441.2mA 
 
  c.i. When fully charged: Vc = 9V 
 
 Energy stored in capacitor = Energy dissipated in resistor  
 E = CV2/2 
 E = 1000x10-6x92/2 
 E = 40.5mJ 
 
  c.ii. The energy dissipated in the 20W resistor will be the  
 same as that dissipated in the 10W. This is because 

Back to Table



9/21/2019 Higher Physics 1992 PII Solutions

mrmackenzie.co.uk/webtribe/Physics1992p2solns.html 5/9

 r = -m 
 
 m = (y2- y1)/(x2- 1) 
 m = (2-1.2)/(0-0.5) 
 m = -1.6W 
 
 =>r=1.6W 
 
  a.iii.The emf of the supply is equal to the output voltage when there is no  
 current in the circuit. 
 
 E = 2.0V 
  
 I = E/(R+r) 
 I = 2.0/(4+1.6) 
 I = 0.357A 
 
 Vloudspeaker = IR 
 Vloudspeaker = 0.357x4 
 Vloudspeaker = 1.4V 
 
  b. When the voltage drop across the internal resistor and the calibrated 
 variable resistor is the same, as will be the case when the voltage  
 across the calibrated resistor is equal to half of the emf, the internal 
 resistor and the calibrated resistor must have the same value. 
 
 
6.a. 

  
 
  b.  Vs = VR + Vc 
 VR = Vs - Vc 
 VR = 9-6 
 VR = 3V 
 
 I = VR/R 
 I = 3/6800 
 I = 441.2mA 
 
  c.i. When fully charged: Vc = 9V 
 
 Energy stored in capacitor = Energy dissipated in resistor  
 E = CV2/2 
 E = 1000x10-6x92/2 
 E = 40.5mJ 
 
  c.ii. The energy dissipated in the 20W resistor will be the  
 same as that dissipated in the 10W. This is because 

Back to Table



Back to Table Answers



9/21/2019 Higher Physics 1992 PII Solutions

mrmackenzie.co.uk/webtribe/Physics1992p2solns.html 5/9

 r = -m 
 
 m = (y2- y1)/(x2- 1) 
 m = (2-1.2)/(0-0.5) 
 m = -1.6W 
 
 =>r=1.6W 
 
  a.iii.The emf of the supply is equal to the output voltage when there is no  
 current in the circuit. 
 
 E = 2.0V 
  
 I = E/(R+r) 
 I = 2.0/(4+1.6) 
 I = 0.357A 
 
 Vloudspeaker = IR 
 Vloudspeaker = 0.357x4 
 Vloudspeaker = 1.4V 
 
  b. When the voltage drop across the internal resistor and the calibrated 
 variable resistor is the same, as will be the case when the voltage  
 across the calibrated resistor is equal to half of the emf, the internal 
 resistor and the calibrated resistor must have the same value. 
 
 
6.a. 

  
 
  b.  Vs = VR + Vc 
 VR = Vs - Vc 
 VR = 9-6 
 VR = 3V 
 
 I = VR/R 
 I = 3/6800 
 I = 441.2mA 
 
  c.i. When fully charged: Vc = 9V 
 
 Energy stored in capacitor = Energy dissipated in resistor  
 E = CV2/2 
 E = 1000x10-6x92/2 
 E = 40.5mJ 
 
  c.ii. The energy dissipated in the 20W resistor will be the  
 same as that dissipated in the 10W. This is because 

Back to Table



9/21/2019 Higher Physics 1992 PII Solutions

mrmackenzie.co.uk/webtribe/Physics1992p2solns.html 6/9

 the energy stored in the capacitor is still the same. The only difference  
 is that it will take longer for the capacitor to discharge when connected  
 across the 20W resistor. 
 
 
7.a.i. Equate the energy gained from the electric field(Eelect) to the final kinetic 
 energy (Ek)of the electron. 
 
 Eelect = Ek 
 qV = mev2/2 
 v2 = 2qV/me 
 v2 = 2x1.6x10-19x5000/9.11x10-31 
 v2 = 1.75x1015 
 v = 41.9x106m/s 
 
  a.ii. v2 = (2qV/me)1/2  
 v2 = (2x1.6x10-19x2500/9.11x10-31)1/2 
 v2 = 29.6x106m/s 
 
 v1 = const x V11/2 
 v2 = const x (V1/2)1/2 
 
 v2/v1 = const x (V1/2)1/2/const x (V1)1/2 
 v2/v1 = 1/sqrt2 
 v2 = v1/sqrt2 
 
  b. Q = It  (Q= total charge) 
 Nq = It  (N = number of electrons & q = electronic charge) 
 N = It/q 
 N = 15x10-3x1/1.6x10-19 
 N = 9.375x1016 
  
8.a.i. Vpk = 1.5x0.05 
 Vpk = 0.075V 
 
  a.ii. Rf/R1 = - Vout/Vin 
 Rf = -R1Vout/Vin 
 Rf = -10000x(0.9/-0.075) 

 Rf = 120000W 

 Rf = 120kW 
 
  b.i. Vout = (Rf/R1)(V2-V1) 
 Vout = (5x106/10x103)(0.4x10-3) 
 Vout = 500x0.40x10-3 
 Vout = 0.2V 
 
  b.ii. The differential amplifier amplifies the difference between the inverting 
 and non inverting input. The 50Hz mains signal will be input into both these 
 inputs and will therefore be filtered out. This will leave only the amplified 
 potential difference between the two pads. 
 
9.a.i.  
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 The high voltage pumps electrons up into energy state(E2) which then  
 fall into the metastable state E1 creating what is called an inverted  
 population. A passing photon, having an energy equal to the energy gap  
 E1 to E0 can encourage/stimulate an electron to drop from energy  
 state E1 to E2. This is the basis for stimulated emission.  
 
 Note:  This energy level diagram is only an illustration to help with 
  the understanding of the concept of energy levels. Each different 
  laser will have a different energy level diagram. 
  
  a.ii. The fully reflecting mirror keeps all the photons in the laser cavity to   
 enable further stimulated emission. The partially reflecting  mirror not  
 only ensures some reflection to sustain the stimulated emission but also  
 allows a narrow beam of laser light to leave the cavity. 
 
  b.  Each bright spot occurs when the laser light interferes constructively. 
 This happens when the path difference, from each adjacent slit in  
 the diffraction grating to the screen, is a whole number of wavelengths. 
 
 In between the bright spots dark areas are produced  when the laser light  
 interferes destructively. The laser light will completely cancel when the  
 path difference, from each adjacent slit in the diffraction  grating to  
 the screen, is an odd number of wavelengths/2. 
 
  c. The energy from any laser light entering the eye is concentrated  
 into a very small area. This produces a very intense beam that will  
 produce significant damage to the retina.(I = P/A) 
 
 The energy emitted from a 100W lamp is spread over a much larger area. 
 This results in relatively low intensity light that will not result 
 in any damage to the eye. 
 
  d. I = P/A 
 P = E/t 
 
      =>I = E/At 
 I = 0.1/1.5x10-9x0.5x10-3 
 I = 133x109W/m2 
  
 
10.a.i. qcritical = sin-1(1/n) 
 qcritical = sin-1(1/1.52) 
 qcritical = sin-1(0.658) 
 qcritical = 41.1o 
 
 
   a.ii. 
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 Note: This diagram has not been drawn to scale. 
 
  a.iii. 

  
 
 Angles have been omitted for clarity. 
 
 
  b. The image would be inverted. 
 
 
11.a.i. Atomic number(Z) 95 = Number of protons in the nucleus. 
 Mass number(A) 241  = Number of protons + number of neutrons in the nucleus. 
 
  a.ii. 30kBq means that there are 30,000 nuclear disintegrations per second, 
 or equivalently, 30000 nuclei decay every second. 
 
  a.iii.Radiation can cause atoms or molecules to lose electrons and become 
 positive ions. These atoms, or molecules, have been ionised by the  
 ionising radiation. 
 
  a.iv. Use conservation of atomic and mass number to find the type of radiation. 
 
 Mass Number 
 241 = 237 + A 
 A = 4 
 
 Atomic number 
 95 = 93 + Z 
 z = 2 
 
 Radiation = 42He  (alpha radiation) 
 
  a.v. Smoke detectors are usually located on the roof of rooms. This means that 
 any alpha radiation emitted will either be absorbed by the smoke detector  
 construction or the surrounding air, making it impossible for the radiation  
 to cause any biological damage. 
 
  b.i. Radioactive isotopes contained in natural rocks or soil contribute to 
 background radiation. 
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  b.ii. Total absorbed dose = dose per detector x number of detectors 
 Total absorbed dose = 1.2x10-8x15000 
 Total absorbed dose = 180mGy 
 
    Dose equivalent = Absorbed dose x Quality factor 
 H = DQ 
 H = 180x10-6x20 
 H = 3.6mSv 
 
 The permissible level of 5mSv per year is NOT exceeded. 
 
 

 END OF QUESTION PAPER

Return to past paper index page. 
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Solutions to SQA examination
1993 Higher Grade Physics

Paper I Solutions
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1. D  11. E   21. B 
2. B  12. B   22. A 
3. C  13. C   23. E 
4. D  14. E   24. A 
5. A  15. E   25. A 
6. D  16. C   26. C 
7. B  17. A   27. C 
8. E  18. B   28. D 
9. A  19. E   29. B 
10.D  20. C   30. D 
 
 
31.a. VHor = Vcosq 
 VHor = 24.0cos60o 
 VHor = 12m/s 
  
 Note: the horizontal component of velocity is constant between P and X. 
 
   b.   SHor = VHort 
 SHor = 12x26 
 SHor = 312m 
 
32.  

     
 Fres = (9x104-4x104)3 
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 Fres = 5x104x3 
 Fres = 15x104N  (to the left) 
 
33.a. RP/RQ = RR/RS 
  
 When this is true the reading on the voltmeter is 0V. 
 
   b.  The p.d. across the battery does not affect the above ratio of the  
 resistors. The bridge is therefore still balanced, and the voltmeter 
 reading will not change from 0V. 
 
34.a. VRMS = Vpeak/SQRT2 
 VRMS = 10/1.414 
 VRMS = 7.07V 
 
   b.  f = 1/T 
 
 T = 8x0.2ms = 1.6ms 
 T = 1.6x10-3 
 
 f = 1/1.6x10-3 
 f = 625Hz 
 
35.a. The pupil assumes that there is 100% efficiency in the process 
 converting the energy stored in the capacitor into heat energy. 
 There is also the assumption that all the heat energy is absorbed 
 by the oil. 
 
   b.  The energy stored in the capacitor can be calculated using: E = CV2/2 
 
 E = 5x10-6x102/2 
 E = 2.5x10-4J 
 
 This amount of energy would not produce a measurable change in the  
 temperature of the oil. 
 
36. For the first minimum: 
 Path difference = 1/2l 
 AB-AP = 1/2l 
 43-41 = 1/2l 
  2 = 1/2l 
 l = 4cm 
 
37.a.  Alpha radiation. 
 
   b. The fact that most of the radiation passes straight through indicates 
 that most of the atom must be empty space. However, the fact that some 
 "bounces back" provides evidence that the alpha particle occasionally 
 collides with a massive body. It is therefore reasonable to conclude 
 that atoms are mainly empty space with a large mass concentrated at  
 the centre.  
  
 
 

 END OF QUESTION PAPER

Return to past paper index page. 
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1.a. The ball is in free fall for the first 0.5s. 
 
 u = 0m/s 
 v = -4.5m/s 
 t = 0.5s 
 a = ? 
 
 a = (v-u)/t  
 a = (-4.5-0)/0.5 
 a = -9.0m/s/s 
  
  b. DEk = Ekafter-Ekbefore 
 DEk = 1/2(mv2-mu2) 
 2DEk = m(v2-u2) 
 2DEk/(v2-u2) = m 
 m = 2DEk/(v2-u2)  
 m = 2x-1.7/(42-[-4.52]) 
 m = -3.4/(16-20.25) 
 m = 0.8kg 
 
  c. DP = mv-mu 
 DP = m(v-u) 
 DP = 0.8(4-[-4.5]) 
 DP = 6.8kgm/s 
 
  d. The time that the ball is in contact with the ground(tc) is 0.5s. 

 F = DP/tc 
 F = 6.8/0.5 
 F = 13.6N 
 
2.a.  
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 w = ? 
 m = 15000 
 g = 1.6N/kg 
  
 w = mg 
 w = 15000x1.6 
 w = 24000N 
 
 The upward force(Fup) is equal in magnitude to the weight 
 and acts in the opposite direction. There is no unbalanced force 
 which means the craft must be moving at a constant speed and be moving 
 in a straight line. 
 
  b.i. Funbalanced = Fup - w 
 Funbalanced = 25500 - 24000 
 Funbalanced = 1500N 
 
 a = Funbalanced/m 
 a = 1500/15000 
 a = 0.1m/s/s upwards 
 
 This means that the craft has an upward deceleration of -0.1m/s/s. 
 
 
  b.ii. a = 0.1m/s/s 
 t = 18s 
 u = -2.0m/s 
 v = ? 
 
 v = u + at 
 v = -2.0 + 0.1x18 
 v = -0.2m/s 
 
  b.iii.v2 = u2 + 2as 
 s = (v2-u2)/2a 
 s = ([-0.2]2-[-2]2)/2x0.1 
 s = (0.04-4)/0.2 
 s = -3.96/0.2 
 s = -19.8m 
 
 This displacement is equal to that which the craft has descended from. 
 This means the craft must have been 19.8m above the surface of the moon 
 to start with. 
 
3.a.   The law of conservation of linear momentum states that : 
 Pbefore = Pafter 
 
  b.i. Before collision 
 Pbefore = mAuA + mBuB 
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 Pbefore = 1400xuA + 1000x8 
 Pbefore = 1400uA + 8000 
 
 After collision 
 Pafter = mAvA + mBvB 
 vA=vB=v 
 Pafter = (mA + mB)v 
 Pafter = (1400 + 1000)15 
 Pafter = 36000kgm/s 
 
 Equate: Pbefore and Pafter 
 1400uA + 8000 = 36000kgm/s 
 1400uA = (36000-8000)/1400 
 uA = 20m/s 
     
  b.ii. Consider the instant after the collision to be the starting point 
 for this calculation. 
 
 u = 15m/s 
 v = 0m/s 
 s = 20m 
 a = ? 
 
 v2 = u2 + 2as 
 a = (v2-u2)/2s 
 a = (02-152)/2x20 
 a = -225/40 
 a = -5.625m/s/s 
 
 Ffriction = Fun 
 Fun = ma 
 Fun = 2400x-5.625 
 Fun = -13,500N   The negative sign indicates that the force 
    acts to the LHS. 
 
 OR 
  
 The kinetic energy lost by the car is equal to the work done by  
 the frictional force over the 20m stopping distance. 
 
 Eklost = Ework 
  
 Eklost = Ekbefore - Ekafter  
 Eklost = (mv2 - mu2)/2 
 Eklost = m(v2 - u2)/2 
 Eklost = 2400(152 - 02)/2 
 Eklost = 27000J 
 
 Ework = Fd 
 F = Ework/d 
 F = 27000/20 
 F = 13500N 
 
  b.iii.Most of the kinetic energy will be converted into heat energy. 
 
4.a. P1 = 400kPa 
 V1 = 1000cm3 
 P2 = 250kPa 
 V2 = ? 
 
 P1V1 = P2V2 
 V2 = P1V1/P2  
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 V2 = 400x1000/250 
 V2 = 1600cm3 
 
  b. The pressure increases. 
 The volume remains constant. 
 The temperature increases. 
 
  c. The starting pressure is that indicated by point B on the graph  
 and the final pressure is that indicated by point C. Over this  
 period the volume is constant. 
  
 T1 = 300K 
 P1 = 200kPa 
 T2 = ? 
 P2 = 500kPa 
 
 P1/T1 = P2/T2 
 T2 = P2(T1/P1) 
 T2 = 500(300/200) 
 T2 = 750K 
 
5.a.i. Q = CV 
 C = Q/V 
 C = 24x10-6/1.5 
 C = 16x10-6F 
 C = 16mF 
 
  a.ii. Mean = total/N 
 Mean(C) = (16+18+20+16+15)/5 
 Mean(C) = 17mF 
 
 Random error = (max-min)/N 
 Random error(C) = (20-15)/5 
 Random error(C) = +-1mF 
 
 C = (17+-1)mF 
 
  a.iii.Measure the voltage across the capacitor directly by connecting 
 the voltmeter across it. Additionally, to prevent leakage through  
 the voltmeter it would be better to use an oscilloscope for this 
  purpose. 
 
  b. The effective resistance of the capacitor in the circuit decreases  
 as the frequency of the supply increase. As the resistance decreases  
 the current in the circuit increases and the lamp glows more brightly.  
  
6.a. The electromotive force is the energy supplied by the power supply 
 to each coulomb of charge. 
 
  b.i. P = I2R  
 I2 = P/R 
 I = (P/R)1/2 
 I = (8.0/0.32)1/2 
 I = 251/2 
 I = 5A 
 
  b.ii. V = IR 
 V = 5x0.32 
 V = 1.6V 
 
  b.iii.Vr = emf - Vheater 
 Vr = 2.0 - 1.6 
 Vr = 0.4V 
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 Vr = Ir 
 r = Vr/I 
 r = 0.4/5 
 r = 0.08W 
 
  c. Two heaters in parallel will reduce the resistance of the circuit. 
 The current in the heater elements will increase which has the  
 effect of increasing the rate at which the water is heated. 
 
 The resistance of the two heaters in parallel can be calculated as  
 shown below: 
 
 Rp = Rheater/2  
 Rp = 0.32/2 

 Rp = 0.16W 
 
 Rtotal = Rp + r 
 Rtotal = 0.16 + 0.08 

 Rtotal = 0.24W 
 
  I = emf/Rtotal 
 I = 2.0/0.24 
 I = 8.33A 
 
 Vr = Ir 
 Vr = 8.33x0.08 
 Vr = 0.67V 
 
 Vheater = emf - Vr 
 Vheater = 2.0 - 0.67 
 Vheater = 1.33V 
 
 This is the voltage across each heater element. 
 
 Iheater = Vheater/Rheater 
 Iheater = 1.33/0.32 
 Iheater = 4.16A 
 
 The power developed in each heater can be calculated using: 
 P = I2R 
 
 P = 4.162x0.32 
 P = 5.5W 
 
 The two heating elements develop a total power of 11W. 
 This means that the water is heated about 1.4 times faster. 
 
7.a.i. The amplifier is working in inverting mode. 
 
  a.ii. Gain = -Rfeedback/R1 
 Gain = -1x106/2x103 
 Gain = 500 
 
  a.iii. 
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8.a. A ray of sunlight is made up of many different wavelengths that 
 is perceived as white light. However, each individual wavelength 
 represents a particular colour of light. 
 The diffraction grating diffracts the different wavelengths in  
 sunlight by different amounts: the longer wavelengths being  
 diffracted the most and the shorter wavelengths the least.  
 At position X on the screen the short wavelength violet light 
 has interfered constructively to produce a band of violet light. 
 At position Y on the screen the long wavelength red light 
 has interfered constructively to produce a band of red light. 
 Between X and Y the other colours of the visible spectrum produce  
 bands of indigo, blue, green, yellow and orange light. 
 
  b.i. dsinq = nl 
  
 d = 1/N = 1/6x105 = 1.667x10-6m 
 q = ? 
 n = 1 
 l = 410nm = 410x10-9m 
 
 sinq = nl/d 
 sinq = 1x410x10-9/1.667x10-6 
 sinq = 0.246 
 q = sin-10.246 
 q = 14.2o 
 
  b.ii. d = 1.667x10-6m 
 q = 14.2o + 9o = 23.2o 
 n = 1 
 l = ? 
 
 l = dsinq/n  
 l = 1.667x10-6sin(23.2o)/1 
 l = 656.7x10-9m = 656.7nm 
  
  c. The diffraction grating will produce many spectra symmetrical about the  
 q = 0o line. 
 The prism produces one spectrum by refraction.   
 The relative positions of each colour of light produced   
 by refraction will be the reverse of that produced by the  
 diffraction grating, as blue light is refracted more than  
 red light.  
 
9.a. Monochromatic means the laser light has a single wavelength/frequency. 
 Coherent means the waves are in phase/step. 
 
  b.i. DE = hf  where DE = E2-E2 
 f = E2-E2/h 
 f = -4.67x10-20-(-6.55x10-20)/6.63x10-34 
 f = 452.5nm 
 
  b.ii. The wavelength of the emitted radiation corresponds to the blue end of  
 the spectrum. 
 
  c. The beam is intense because the energy is spread over a small area and 
 a large number of photons per second are emitted from the laser. 
 
10.a. Light incident on the pn-junction photodiode will increase the number 
 of electron hole pairs and consequently increase the conductivity of  
 the diode. 
 
  b. The diode is operating in photoconductive mode. 
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8.a. A ray of sunlight is made up of many different wavelengths that 
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  c. I1d12 = I2d22 
 I2 = I1d12/d22 
 I2 = 3.0x12/0.752 

 I2 = 5.33mA 
 
11.a.i.  

 
 
  a.ii. Take the background count to be 20cpm. 
 Add this to the corrected count rate and plot as shown below. 
 
 

 
 
  b. Time/years Corrected Count Rate/cpm 
 0  520 
 5.25  260 
 11.5  130 
 16.75  65 
 21  32.5 
 
 After 21 years the count rate is 32.5cpm. 
 
 
  

END OF QUESTION PAPER
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Solutions to SQA examination
1994 Higher Grade Physics

Paper I Solutions

Return to past paper index page. 

1. D  11. D   21. D 
2. B  12. C   22. A 
3. C  13. C   23. B 
4. C  14. B   24. E 
5. C  15. D   25. B 
6. A  16. C   26. C 
7. D  17. A   27. A 
8. D  18. B   28. D 
9. D  19. A   29. D 
10.E  20. A   30. E 
 
 
31.   

 
 
 The displacement(s) is equal to the total area(A1+A1) under 
 the graph. 
 
 s = A1+A1 
 s = ut +(v-u)t/2 
 
 Note that from the definition of acceleration : 
 
 a = (v-u)/t 
 =>(v-u)= at 
 
 Substitute this into the expression above. 
 
 s = ut + att/2 
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 s = ut + at2/2 as required. 
 
 
32. Density of  air = Mass of air released/Volume of air released 
  
   
  r = Mair/Vair 
   
 
 Mair = (363.86-362.00)g = 1.86g = 1.86x10-3kg 
 Vair = 1687.00cm3 = 1687.00x10-6m3 
 
  r = 1.86x10-3kg/1687.00x10-6m3 
  r = 1.1025kg/m3 
 
33.a. T(K) = T(oC) + 273 
 T(K) = -196 + 273 
 T(K) = 77K 
 
   b. The kelvin temperature is directly proportional to the kinetic 
 energy of particles. At 0K particles have no kinetic energy. A lower 
 energy state/temperature, is therefore, not possible.  
 
34.a. Vinverting input = 0V 
 
   b. I = V/R 
 V = 0.5V 
 R = 10,000W 
 
 I = 0.5/10000 
 I = 50mA 
 
35. l = v/f 
 l = 340/1000 
 l = 0.34m 
 
 Path difference = (1.37-1.20)m = 0.17m 
 
 This means that loudspeaker 2 is a distance of 0.17m further away 
 from the microphone than loudspeaker 1. This is a distance equivalent 
 to l/2. Therefore, the waves reach the microphone 180o out of phase  
 and interfere destructively, reducing the amplitude of the sound. 
 
36.a. All metals and carbon are conductors. 
 Plastic and rubber are examples of insulators. 
 Group IV elements such as silicon are semiconductors. 
 
   b. By adding pentavalent (group V) atoms to group IV semiconductor, n-type  
 semiconductor material is made. This material has a lower resistance than  
 pure semiconductor, as a result of an excess of negative charge carriers  
 in the structure. 
 
37.a. When two atoms join, or fuse together, to produce a single atom of greater mass 
 the reaction is called fusion. 
 
   b.  The mass of the product of a fusion reaction is less than that of the 
 initial reactants. This "missing mass" is converted into energy. 
 
 E = mc2 
 
 Where: m = missing mass 
  c = speed of light 
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1.a.i. At the maximum height the long jumpers vertical velocity(Vv) is 0m/s. 
  
 vv = 0m/s 
 Sv = 0.86m 
 a = -9.8m/s/s 
 uv = ? 
 
 To find u use : v2 = u2 + 2as 
 
 02 = u2 + 2x(-9.8)x0.86 
 u2 = 16.856(m/s)2  
 u = 4.1m/s     
 
 Note:  The positive square root is taken because  
  the motion is in the upwards direction. 
 
  a.ii. The total time in the air for the vertical jump in part a.i. will be 
 the same as that for the actual jump if the vertical component of velocity  
 is the same. 
  
 The total displacement for the jump in part a.i. is 0m. 
 
 s = 0m 
 a = -9.8m/s/s 
 u = 4.1m/s 
 t = ? 
 
 To solve for t use: s = ut + 1/2(at2) 
  
 0 = ut + 1/2(at2)....divide by t 
 0 = u + (at)/2 
 t = -2u/a 
 t = (-2x4.1)/-9.8 
 t = 0.84s 
 
 vH = sH/t 
 vH = 7.8/0.84 
 vH = 9.3m/s 
 
  b. With a maximum height of less than 0.86m the time in the air would 
 be less than that 0.84s. This means that the horizontal distance 
 must be covered in a shorter time. This can only be achieved if 
 the horizontal velocity is greater than 9.3m/s. 
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2.a.i.  

 
 
  a.ii. m = 500kg 
 g = 9.8N/kg 
 W = ? 
 
 W = mg 
 W = 500x9.8 
 W = 4900N 
 
 With no rope in position there is no tension force(T). This means 
 that the unbalance force causing the acceleration is the difference 
 between the buoyancy force(B) and the weight(W). 
 
 Fun = B - W  
 Fun = ma 
 
 ma = B - W 
 B = ma + W 
 B = 500x1.5 + 4900 
 B = 5650N 
 
  a.iii.Before the release the upward force must balance the downward forces. 
 
 B = W + T 
 T = B - W 
 T = 5650 - 4900 
 T = 750N 
  
  b.  

 
 Each rope contributes half of the downward component of the tension. 
 
 Downward tension from rope 1 = 375N 
 Downward tension from rope 2 = 375N 
 
 To calculate the tension in each rope use trigonometry. 
 
 375/Trope 1 = cos25o 
 Trope 1 = 375/cos25o 
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 Trope 1 = 413.8N 
 
 375/Trope 2 = cos25o 
 Trope 2 = 375/cos25o 
 Trope 2 = 413.8N 
 
4.a.i. Use Boyle's law to solve this problem. 
 
 P1 = 1.76x105Pa 
 V1 = 750cm3    
 P2 = ? 
 V2 = 900cm3 
 
 P1V1 = P2V2 
 P2 = P1V1/V2 
 P2 = 1.76x105x750/900 
 P2 = 1.47x105Pa 
 
  a.ii. F = PA 
 F = 1.47x105x5x10-3 
 F = 735N 
 
  b. The gas inside the rocket exerts the forces shown in the diagram. 

 

The lateral forces cancel.
The downward force accelerates the water out of the rocket.
The upward force accelerates the rocket.

 
4.a. Ek = 1/2(mv2) 
 
 Collision with polyurethane block. 
 Ek = 1/2(0.5x0.332) 
 Ek = 0.027J 
 
 Collision with rubber band. 
 Ek = 1/2(0.5x0.432) 
 Ek = 0.046J 
 
  b. In elastic collisions kinetic energy is conserved. 
 In the collision with the metal spring the least amount of kinetic  
 energy is lost and is therefore the most like an elastic collision. 
 
  c. To propel the vehicle with the same initial speed the force providing 
 the impulse must be equal in each experiment. This could be achieved 
 if the impulse was provided by a stretched elastic band and ensuring 
 the band was pulled back by the same amount each time.  
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  d.i. F = (mv-mu)/tc 
 
 m = 0.5kg 
 tc = contact time = 0.4s 
 u = -0.55m/s 
 v = 0.35m/s 
 
 F = 0.5[0.35-(-0.55)]/0.4 
 F = 0.5x0.9/.4 
 F = 1.125N 
 
  d.ii. The vehicle accelerates to the right when in contact with the block. 
 This is because the direction of the force causing the acceleration  
 is towards the right and the acceleration must be in the same direction. 
 
5.a.i. Vsupply = Vx + Vy 
 Vx = Vsupply - Vy 
 Vx = 10 - 6 
 Vx = 4V 
 
 Ix = Vx/Rx 
 Ix = 4/1200 
 Ix = 0.0033A 
 
 Ix = Iy = 0.0033A 
 
 Vy = IyRy 
 Ry = Vy/Iy 
 Ry = 6/0.0033 

 Ry = 1800W = 1.8kW 
 
5.a.ii. The voltage across each resistor in a potential divider circuit 
 is proportional to the value of its resistance. When resistor Z  
 is connected in parallel with resistor Y a parallel network, with 
 a lower resistance than resistor Y alone, is created. The voltage across  
 this network, and each resistor in the network, is therefore less than  
 the voltage across Y alone. 
 
5.a.iii.1/Rp = 1/RY + 1/RZ 
 1/Rp = 1/1.8 + 1/4.7 
 1/Rp = 0.5555 + 0.2128  
 1/Rp = 0.7683 

 Rp = 1.3kW 
 
 VRp = [Rp/(RX+Rp)]Vsupply 
 
 VRp = [1.3/(1.3+1.2)]10 
 VRp = 0.52x10 
 VRp = 5.2V 
 
5.b.i. RA/RB = RC/RD
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b.ii.
Resistance of A/W Resistance of B/W Voltmeter reading/mV

120 120 0
121 120 -21
121 121 0
121 122 +21
121 119 -42

 The values in the table are worked out using the fact that the  
 voltage reading is proportional to the out of balance resistance.  
 
6.a.i. Q = Ixt 
 
 Q = ? 
 I = 0.5A 
 t = 1h = 3600s 
 
 Q = 0.5x3600 
 Q = 1800C 
 
6.a.ii. E = Pt 
 P = IV 
 =>E=ItV 
 E = 0.5x3600x1.2 
 E = 2160J 
 
 OR 
 
 E = QV (same answer) 
 
  b.i.  The emf is the energy the cell supplies to each coulomb of charge  
 passing through it. 
 
  b.ii. The emf can be found by projecting the graph line back until it  
 cuts the voltage axis. 
 
 emf = 1.4V 
 
 The internal resistance is equal to the negative of the gradient 
 of the line given. 
 
 m = (y1-y2)/(x1-x2) 
 m = (1.0-0.6)/(1.0-2.0) 
 m = 0.4/-0.1 
 m = -4 
 
 r = 4W 
 
 To justify the above consider: 
 
 y = mx + c  ...1 
 V = mI + c  ...2 
 Vtpd= E - Ir   ...3 
 Vtpd= -Ir + E  ...4 
 
 From equation (3)  
 When I = 0A :Vtpd=emf 
  
 Comparing (2) and (4) 
 m = -r 
 
7.a.i. The light from the window will result in the solar cell producing 
 a small voltage that is amplified to produce a non zero Vout. 
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  a.ii. Vout/Vin = Rfeedback/R1 
 Vin = -Vout(R1/Rfeedback) 
 Vin = -(-1.75)(15/120) 
 Vin = 0.219V 
 
  b.i. The differential amplifier amplifies the difference between V1 and V2.  
 When V1 is adjusted to equal V2 there is no difference between  
 the input voltages and the output voltage will be zero. 
 
  b.ii. Vout = Rf/R1(V2-V1) 
 1.5 = 220/4.7(V2-0.219)  
 1.5 = 46.81(V2-0.219) 
 0.032 = V2-0.219 
 V2 = 0.251V 
 
8.a. T = 4x5ms 
 T = 20ms 
 
 f = 1/T 
 f = 1/20x10-3 
 f = 50Hz 
 
  b.i. The value of resistor R2 was increased. This conclusion is drawn 
 because the rate at which the capacitor discharges has decreased. 
 
  b.ii. Q = CDV 
 
 DV = Vinitial-Vfinal 
 DV = 8V - 2V = 6V 
  
 Q = 2.2x10-6x6 
 Q = 1.32x10-5C 
 
9.a.i. nplastic = sinqair/sinqplastic 
 nplastic = sin40o/sin30o 
 nplastic = 0.633/0.5 
 nplastic = 1.29 
 
  a.ii.  

 
 
  b.i. qcritical = sin-1(1/n) 
 qcritical = sin-1(1/1.8) 
 qcritical = sin-1(0.555) 
 qcritical = 33.7o 
 
  b.ii. nborate glass = sinqair/sinqborate glass 
 sinqborate glass = sinqair/nborate glass 
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 sinqborate glass = sin40o/1.8 
 sinqborate glass = 0.0.643/1.8 
 sinqborate glass = 0.357 
 qborate glass = 20.9o 
  

 
 
10.a.i. Electrons are moving from a high to low energy level within the atom. 
 A photon of light is emitted when this happens. 
 
  a.ii. lsodium yellow = 589nm 
 Ephoton = hf 

 Ephoton = hc/l 
 Ephoton = 6.63x10-34x3x108/589x10-9 
 Ephoton = 3.38x10-19J 
 
 The photon energy and the energy difference are equal. 
 Edifference = 3.38x10-19J 
  
  b.i. Photons emitted from the sodium lamp and passing through the flame containing 
  vaporised sodium will be absorbed by sodium electrons. This means that sodium  
 light passing through the flame will be reduced in intensity and produce a dark 
  shadow behind the flame. 
 
  b.ii. There is no energy gap in cadmium with the same energy as a photon emitted 
 from the sodium lamp. Therefore, no absorption will take place and there will 
 be no shadow region. 
 
11.a. The activity(A), measured in becquerels(bq), is a measure of the number 
 of disintegrations(N) per second. 
 
 A = N/t 
 N = At 
 N = 300x106x60 
 N = 18x109 
 
  b. H/t = 16mSv/h (at a distance of 1m) 
 H = DQ 
 H/t = (D/t)xQ 
 16mSv/h = (50mGy/t)x1 
 t = 50mGy/16mSv/h 
  t = 3.125h 
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  c.i.  
 

 
 
  c.ii. The graph indicates that the required lead thickness is 8.8mm. 
  
  d. The polystyrene packaging increases the distance between the porters  
 and the source. As the intensity at a distance(d) from the source is  
 inversely proportional to the square of the distance the dose equivalent 
 rate for the porters will be less. 
 
12.a. Mean(L) = Total/Number of readings 
 Mean(L) = (2.402+2.399+2.412+2.408+2.388+2.383+2.415)/7 
 Mean(L) = 16.807/7 
 Mean(L) = 2.401m 
 
 Random Error(L) = Range/Number of readings 
 Random Error(L) = (Max-Min)/N 
 Random Error(L) = (2.415-2.383)/7 
 Random Error(L) = 0.032/7 
 Random Error(L) = 0.005m 
 
  b. Percentage error in L = [Random Error(L)/Mean(L)]x100 
 Percentage error in L = [0.005/2.401]x100 
 Percentage error in L = 0.21% 
  
 Percentage error in x = [Random Error(x)/Mean(x)]x100 
 Percentage error in x = [1/91]x100 
 Percentage error in x = 1.1% 
 
 The measurement with the largest percentage error is x. 
 
  c. l = dsinq 
 l = dx/L 
 l = 1.693x10-591x10-3/2.401 
 l = 641.66nm 
 
 The percentage error in l can be taken to 
 be equal to the percentage error in x, as this is the largest individual 
 error. 
 
 1.1% of 641.66nm = (1.1/100)x641.66 = 7.06nm 
 l = (641.66 +- 7.06)nm 
   
  d. Increasing the distance between the grating   
 and the screen reduces the percentage error  
 of L and, more significantly, x. 
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 t1 = 466.67s 
 
      =>vAndy = 535.7/466.67 
 vAndy = 1.15m/s 
 
 The velocity bearing is also 067.5o 
  
 v = 1.15m/s  (067.5o) 
 
  b.iii.vPaul = 2.5s (067.5o) 
 
  b.iv. t2 = Total distance(d)/Speed 
 t2 = 535.7/2.5 
 t2 = 215.1s 
 
 Including Paul's five minutes waiting time the total time(ttotal)) 
 for Pauls journey, in seconds, is can be calculated. 
 
 ttotal) = t2 + 215.1 
 ttotal) = 5x60 + 215.1 
 ttotal) = 515.1s 
 
 Pauls total time = 515.1s 
 Andy's journey time(t1) = 466.67s  
 
 Andy reaches the checkpoint ahead of Paul by 48.4s 
 
2.a. Sprinters P and Q have the same journey time. 
 
 For sprinter P: 
 s = 20m 
 a = 1.6m/s/s 
 u = 0m/s 
 t = ? 
 
 Use: s = ut + 1/2(at2) 
  
 20 = 0xt + 1/2(1.6xt2) 
 t2 = 20/0.8 
 t2 = 25 
 t = 5s 
 
   The time for both sprinters is 5s 
 
  b. vP = u + at 
 vP = 0 + 1.6x5 
 vP = 8m/s 
 
 vQ = u + at 
 vQ = 0 + 1.2x5 
 vQ = 6m/s 
 
  c. To calculate the displacement of Q from their starting point  
 to the finishing line use: s = ut + 1/2(at2). 
 
 s = 0xt + 1/2(1.2x52) 
 s = 15m 
 
 The distance between starting points is therefore 5m 
 
 
3.a.i. Initially the sand filled box is at rest and has no kinetic energy. 
 The bullet embeds itself in the sand filled box and its kinetic  
 energy is shared with the box. This constitutes an inelastic collision 
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 and kinetic energy is not conserved. However, after this event the kinetic  
 energy of the bullet and  box system can be calculated using the  
 principle of conservation of energy. 
  
 This means that the potential energy gain of the bullet and box, at their 
 maximum height, is equal to the initial kinetic energy of the bullet  
 and box. 
 
 Note: the  bullet and box have no kinetic energy at the maximum height. 
 
 Epgain = Ekinitial 
 mgh = 1/2(mv2) 
 v2 = 2gh 
 v2 = 2x9.8x0.1 
 v2 = 1.96 
 v = 1.4m/s 
 
  a.ii. To solve this problem apply the law of conservation of linear momentum. 
  
 Momentum before(Pbefore) = Momentum after(Pafter)   
 mbulletubullet + mboxubox= (mbullet+mbox)v 
  
 The initial velocity of the box is zero therefore the term with this value 
 can be ignored. 
 
 ubullet = (mbullet+mbox)v/mbullet 
 ubullet = (10x1.4)/0.025 
 ubullet = 560m/s 
 
  b. The change in momentum of the bullet in this collision will be greater  
 than in the first experiment. To conserve momentum this means that the 
 change in momentum of the box of sand will also be greater. The only way  
 that this change in momentum can be increased is if the box moves off with 
 a greater velocity. The box thus has a greater initial kinetic energy  
 that will be transferred into potential energy resulting in the box reaching 
 a greater height. 
 
4.a. The tension force provided by the cable will be equal in size to the weight  
 of the block, but act in the opposite direction. 

  
 W = ?   w = mg 
 m =5.0x103kg  w = 5.0x103x9.8 
 g = 9.8N/kg  w = 49000N 
 
  b.i. 
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 Weight(W) = Tension(T) + Buoyancy(B)  
 T = W - B 
 B = W - T 
 B = 49000 - 29000 
 B = 20000N 
 
  b.ii. The pressure acting on the lower surface of the block is greater than  
 the pressure acting on the upper surface, because the lower surface is  
 at a greater depth.  

 
 As the force on each surface is given by the equation F = PA, the  
 upward force is greater than the downward force. This net upward  
 force is called buoyancy or upthrust. 
 
  c. The pressure difference will be the same at all depths. This will result  
 in the upthrust being the same at any depth. 
 
5.a. The circuit in the problem can be drawn in the more familiar form as 
 shown in the diagram below. 

 
 R1 is in series with R2 
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 R1+2 = 20W 
  
 R3 is in series with R4 

 R3+4 = 20W 
 
 R1+2, R3+4 and R5 are in parallel. 
  
 1/Rtotal = 1/R1+2 + 1/R1+2 + 1/R5 
 1/Rtotal = 1/20 +1/20 +1/10 
 1/Rtotal = 4/20 

 Rtotal = 20/4 = 5W 
 
  b.i. The greatest current will flow through R5 thus this is  
 where the greatest power will develop. 
 
  b.ii. IR5 = V/R5   
 IR5 = 12/10 
 IR5 = 1.2A 
 
 P = IR5

2R5 

 P = 1.22x10 
 P = 14.4W 
 
  c.i. The electric potential is the same at points A and C. With no 
 no potential difference across R5 no current will be  
 flowing through it. 
 
  c.ii. Resistors R1 and  R2 are in series. The current 
 flowing through branch BCD can be calculated using ohms law. 
 
 IBCD = VBD/R2+3 
 IBCD = 12/20 
 IBCD = 0.6A 
 
 Similarly the current flowing through branch BAD can be calculated. 
 
 IBAD = VBD/R2+3 
 IBAD = 12/20 
 IBAD = 0.6A 
 
 
 Ibattery = IBCD + IBAD 
 Ibattery = 0.6 + 0.6 
 Ibattery = 1.2A 
 
6.a. "Lost volts" = Ir 
 "Lost volts" = 0.5x.2 
 "Lost volts" = 0.1V 
 
 emf(E) = Terminal Potential Difference(Vtpd) + "Lost volts" 
 Vtpd = V1 
  
 V1 = E - "Lost volts"  
 V1 = 12.0 - 0.1 
 V1 = 11.9V 
 
7.a. E = I(R+r) 
 E/I = R+r 
 R = E/I-r  As required 
 
  b.i. The above equation can be written as:  R = E(1/I) - r 
 Compare this to:   y = mx + c 
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 The y-intercept(c) is equal to -r. 
 The gradient(m) is equal to E. 
 
 c = -2.5  
      =>r = 2.5W 
 
  b.ii. m = (y2-y1)/(x2-x1) 
 m = (6-0)/(0.5-0.15) 
 m = 6/0.35 
 m = 17.1 
      =>E = 17.1V 
 
 c.  I = E/r 
 I = 17.1/2.5 
 I = 6.8A 
 
8.a. The minimum energy an electron needs to absorb to escape from an atom 
 is called the work function. 
 
  b.i. Ephoton = hf 
 Ephoton = 6.63x10-34x6.1x1014 
 Ephoton = 4.04x10-19J 
 
 Emax. kinetic = Ephoton - Ework 
 Emax. kinetic = 4.04x10-19 - 3.04x10-19 
 
 Emax. kinetic = 1.00x10-19J 
 
  b.ii. Ektotal = Emax. kinetic + Efield 
 
 Note: Efield is the energy gained by the electron in the  
   electric field. 
 
 Efield = qV 
 Efield = 1.6x10-19x0.8 
 Efield = 1.28x10-19 
 
 Ektotal = 1.00x10-19 + 1.28x10-19 
 Ektotal = 2.28x10-19J 
 
  c. To stop the photoelectrons the wok done by the electric field 
 must equal the maximum kinetic energy of the photoelectrons. 
 
 Efield = Emax. kinetic 
 qV = Emax. kinetic 
 V  = Emax. kinetic/q  
 V = 1.00x10-19/1.6x10-19 
 V = 0.625V 
 
9.a. qcrit = sin-1(1/n) 
 qcrit = sin-1(1/1.33) 
 qcrit = sin-1(0.752) 
 qcrit = 48.7o
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 Note:  Some internal reflection occurs for the light incident at  
  the first and second boundary, however, for clarity these  
  reflected rays have been omitted from the diagram. 
  
  9.b. To an observer the light appears to originate from where the broken  
 rays cross. This produces a virtual image of the lamp at the apparently 
 shallower depth. 

 
10.a.i.

 
  a.ii. When forward biased the majority charge carriers in the n-type 
 material, electrons, flow to the p-type material. This movement 
 of electrons also makes it appear that holes in the p-type material 
 move towards the n-type material. 
 
  a.iii.When conduction band electrons in the n-type material pass into the  
 p-type material they fall into lower energy holes and emit energy as  
 as a visible photon, if the energy loss  is equal to the energy of  
 a visible photon. 
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  b.i Conduction starts when the applied voltage is 0.5V. 
 
  b.ii. The resistance of the diode decreases as the applied voltage 
 increases. This can be justified by using ohms law to calculate 
 the resistance at different applied voltages. 
 
 R = V/I 
 
 R1 = V1/I1 
 R1 = 1.0/0.275 

 R1 = 3.6W 
 
 R2 = V2/I2 
 R2 = 1.2/0.5 

 R2 = 2.4W 
 
11.a. The reaction is an example of nuclear fusion. 
 
  b. The total mass of the products from the fusion reaction is less  
 than the mass of the initial reactants. The difference in mass  
 is converted into energy. The amount of energy produced can be 
 calculated using the equation: E = mc2, where m is the  
 difference in mass and c is the speed of light. 
 
  c. Mreactants = (5.00890x10-27+3.34441x10-27)kg 
 Mreactants = 8.35331x10-27kg 
  
 Mproducts = (6.64632x10-27+1.67490x10-27)kg 
 Mproducts = 8.32122x10-27kg 
 
 Mass defect = Mreactants - Mproducts  
 Mass defect = 8.35331x10-27 - 8.32122x10-27 
 Mass defect = 0.03209x10-27kg 
 
 E = Mdefectc2 
 E = 0.03209x10-27 x (3x108)2 
 E = 2.8881x10-12J 
 
  d. Number of reactions = Total energy per second/energy per reaction 
 Number of reactions = 25x106/2.8881x10-12 
 Number of reactions = 8.658x1018 
 
 
 
 
 
 
 
  

Return to past paper index page. 
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 Mass defect = Mreactants - Mproducts  
 Mass defect = 8.35331x10-27 - 8.32122x10-27 
 Mass defect = 0.03209x10-27kg 
 
 E = Mdefectc2 
 E = 0.03209x10-27 x (3x108)2 
 E = 2.8881x10-12J 
 
  d. Number of reactions = Total energy per second/energy per reaction 
 Number of reactions = 25x106/2.8881x10-12 
 Number of reactions = 8.658x1018 
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31.a. Each rope exerts a force in the direction of travel. 
 To calculate the component of the force in the direction of travel use basic  
 trigonometry. 
  
 The force from each rope is: 
 FDirection of travel= FResultantcos20o 
 FDirection of travel= 150xcos20o 
 FDirection of travel= 140.95N 
 
 The total force from both ropes (Ftotal) can now be calculated. 
 
 Ftotal= 2x140.95N 
 Ftotal= 281.9N 
 
   b. As the boat is moving at constant speed, and in a straight line, the frictional 
 force must be equal in magnitude to the pulling but acting in the opposite direction 
 to the pulling force.  
 Ffriction= -281.9N (-ve sign indicates direction) 
 
 
32.a. 
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   b.  Newton's first law states that: "an object will remain at rest or move with a constant  
 velocity in a straight line unless acted upon by an unbalanced force". 
 This means there are no unbalanced/resultant forces acting on the balloon, as it is at rest. 
 
33. To determine the type of collision the kinetic energy before the collision [Ek(before)] 
 and the [Ek(after)] must be considered. 
 
 Elastic collision  => Kinetic energy conserved. 
 Inelastic collision => Kinetic energy not conserved. 
 
 Before collision 
 
 Total [Ek(before)]= 0.036J +0J 
 Total [Ek(before)]= 0.036J  
  
 Total [Ek(after)]= 0.009J +0.018J 
 Total [Ek(after)]= 0.027J 
 
 Kinetic energy is not conserved, therefore, the collision is inelastic. 
 
34.a. Wave period(T) = 4x2.5ms 
      T  = 10x10-3s 
 
 f=1/T 
 f=1/10x10-3s 
 f=100Hz 
 
   b. The amplitude of the waves displayed on the oscilloscope will be unchanged,  
 but, five complete waves will now appear on the screen. 
 
35.a. V = E-Ir or V = -rI + E 
 Compare this to:  y =  mx + c 
 
 y = V 
 m = -r 
 x = I 
 c = E 
 
 m = (4-1)/(1-3) = 3/-2 = -1.5 
 
 =>r = -m = 1.5 
 =>r = 1.5W 
 
   b. I = E/r 
 E is the emf of the battery, found by noting where the graph cuts the voltage axis. 
 E = 5.5V 
 =>I = 5.5/1.5 
   I = 3.67A 
 
36.a. The refractive index of paraffin(np) is found by calculating the ratio of the speed of light 
 in air to the speed of light in paraffin. 
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 np = 3x108/2.1x108 
 np = 1.43 
 
   b. The frequency of the light is unchanged when moving from air into paraffin. 
 f=4.85x1014Hz 
  
37. 

The lamp produces photons of light that have an energy that can be calculated using 
the equation E=hf.
Some of this energy is absorbed by the semiconductor material of  
the photodiode. 
The absorbed energy creates electron hole pairs in the photodiode 
that increases the conductivity of the photodiode.
There is a reduction in the potential barrier at the pn junction and therefore a  
reduction in the voltmeter reading. 
 

 
 
38. The spectrum produced by the prism is a result of refraction, whereas the grating  
 produces a spectrum as a result of diffraction. Furtheremore, only one spectrum of 
 white light is produced using a prism, whereas, several are produced using a diffraction 
 grating.  
 
 

END OF QUESTION PAPER

Return to past paper index page. 
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1.a. Squaring the equation v = at gives: 
 v2 = a2t2 equation 1 
  
 The equation s = 1/2(at2) can be rearranged to give: 
 t2 = 2s/a which can be substituted into equation 1 
 
 v2 = a2(2s/a) 
      =>v2 = 2as  
 
  b.i. Funbalanced = Fthrust - Ffriction 
 Funbalanced = 3150 - 450 
 Funbalanced = 2700N 
 
 a = Funbalanced/m 
 a = 2700/1000 
 a = 2.7m/s/s 
   
  b.ii. To calculate the length of the track use : v2 = u2 + 2as 
 
 s = (v2 - u2)/2a 
 s = (332- 02)/2x2.7 
 s = 201.67m 
 
  c.  

  
 Use the cosine rule to calculate the resultant velocity,or, 
 draw an accurate scale diagram. 
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 a2 = b2 + c2 -2bcCosA 
 a2 = 362 + 122 -2x36x12Cos140 
 a2 = 1296 + 144 - 864Cos140 
  a2 = 1296 + 144 - 864x-0.766 
 a2 = 2101.9 
 a = 45.8m/s 
 
 Use the sine rule to calculate angle C. 
 
 a/sinA = c/sinC 
 sinC = csinA/a 
 sinC = 12sin140o/45.8 
 sinC = 0.168 
 angle C = 9.7o 
 
 Resultant velocity = 45.8m/s with a bearing of 350.3o 
 
2.a.i. Vhorizontal = Vcos36o 
 Vhorizontal = 41.7cos36o 
 Vhorizontal = 33.74m/s 
 
  a.ii. Vvertical = Vsin36o 
 Vvertical = 41.7sin36o 
 Vvertical = 24.5m/s 
 
  b. The time for the ball to reach Q(ttotal) can be calculated by summing 
 the time to travel from O to P(t1) and the time to travel from 
 P to Q(t2). 
 
 ttotal = t1 + t2 
 
 When P is reached the vertical component of the velocity is 0m/s. 
 This velocity is the final velocity(v) of the first part of the journey. 
 The initial component of the vertical velocity(u) for this part of the 
 journey is 24.5m/s. 
 
 
 v = 0m/s  v = u +at1 
 u = 24.5m/s  t1 = (v-u)/a 
 a = -9.8m/s/s  t1 = (0-24.5)/-9.8 
 t1 = ?   t1 = 2.5s 
 
  
 When falling from P to Q take the initial velocity(u) as 0m/s for 
 this part of the journey. 
 
 u = 0m/s  s = ut2 + 1/2(at22) 
 s = -19.6m  s = 1/2(at22) 
 a = -9.8m/s  t22 = 2s/a 
 t2 = ?   t22 = 2x-19.6/-9.8 
    t22 = 4 
    t2 = 2s 
 
 
 ttotal = t1 + t2 
 ttotal = 2.5 + 2 
 ttotal = 4.5s (As required) 
 
  c. Shorizontal = Vhorizontalxttotal 
 Shorizontal = 33.74x4.5 
 Shorizontal = 151.8m/s 
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3.a. Use the law of conservation of momentum to solve this problem. 
 Pbefore = Pafter 
 
 Before collision 
 Pbefore = mPuP + mQuQ 
 Pbefore = 0.2x0.5 + 0.3x0 
 Pbefore = 0.1kgm/s 
 
 After collision 
 Pafter = mPvP + mQvQ 
 0.1 = 0.2vP + 0.3x0.4 
 vP = (0.1 - 0.3x0.4)/0.2 
 vP = -0.1m/s   The negative sign indicates the direction 
     is to the left. 
 
  b. DPp = Pp(after) - Pp(before) 
  
 Pp(after) = mPvP 
 Pp(after) = 0.2x-0.1 
 Pp(after) = -0.02kgm/s 
 
 Pp(before) = mPuP 
 Pp(before) = 0.2x0.5 
 Pp(before) = 0.1kgm/s 
 
 DPp = -0.02-0.1 
 DPp = -0.12kgm/s 
  
  c.i. Faveraget = mP(uP - vP) 
 Faverage  = mP(uP - vP)/t 
 Faverage  = 0.2[(0.5-(-0.1)]/0.06 
 Faverage  = 2N 
 
 Note: the direction of this force is to the left. 
 
  c.ii. 

 
 
4.a. The assumption in this experiment is that the gas in the container 
 is the same as the water temperature. To facilitate this the can 
 must be fully immersed to allow the gas and water temperature to  
 equilibrate. 
 
  b. P1 = 100kPa 
 T1 = (17+273)K = 290K 
  
  P2 = ? 
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 T2 = (75+273)K = 348K 
 
 P1/T1 = P2/T2  
 P2 = P1T2/T1 
 P2 = 100x348/290 
 P2 = 120kPa 
 
  c. P = F/A 
 F = PA 
 F = 120x103x0.001 
 F = 120N 
 
  d. The mass and the volume of gas are fixed in this experiment,therefore, 
 the density(mass/volume) must also remain constant.  
 
5.a.  A battery  emf of 12V will supply 12J of energy to each coulomb  
 of charge passing through the cell. 
 
  b.i. P = V2/R 
 R = V2/P 
 R = 122/48 
 R = 3W 
 
  b.ii. When S1 is closed the circuit can be treated as a simple series 
 circuit with the internal resistor(r) in series with the headlamp  
 resistance(Rh). 
 
 Rtotal = Rh + r 
  Rtotal = 3 + 0.05 

 Rtotal = 3.05W 
 
 I = emf/Rtotal 
 I = 12/3.05 
 I = 3.93A 
 
 Vheadlamp = IRh 
 Vheadlamp = 3.93x3 
 Vheadlamp = 11.8V (as required) 
 
  c.i. The bulb and the starter motor are in parallel. The resistance of this 
 network Rp is calculated as shown below: 
 
 1/Rp = 1/Rbulb + 1/Rmotor 
 1/Rp = 1/3 + 1/0.12 
 1/Rp = 8.66... 

 Rp  = 0.1154W 
 
 Rtotal = Rp + r 
 Rtotal = 0.115 + 0.05 

 Rtotal = 0.165W 
 
  c.ii. I = emf/Rtotal 
 I = 12/0.165 
 I = 72.7A 
 
6.a.i. Gain = Voutput/Vinput 
 Gain = -9x30mv/5x2mV 
 Gain = -270mV/10mv 
 Gain = 27 
 
  a.ii. Vpeak = 1.414Vrms 
 Vrms = Vpeak/1.414 
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 Vrms = 190.9mV 
 
  a.iii.Gain = Voutput/Vinput =-Rf/R1 
  
 To produce a gain of magnitude 27 choose: 
 
 Rf = 270kW 

 R1 = 10kW 
  
 Other values are acceptable as long as the ratio of Rf to R1 
 is 27. 
 
  b.i. The bridge is balanced when the digital voltmeter reads 0V. 
 This means the potential at X and Y are equal and there is  
 no potential difference between these points. 
 
  b.ii. Voutput = (-Rf/R-)(V--V+) 
 (V--V+) = -Voutput(R-/Rf) 
 (V--V+) = -(-0.18)(100x103/1x106) 
 (V--V+) = 0.18(0.1) 
 (V--V+) = 0.018V 
 
 VY-VX = 0.018V 
 
  b.iii.At 20oC the potential at Y(VY) falls to a value less than it was 
 when the bridge was balanced at 23oC. 
 
 As VY is less than VX =>  VY-VX is negative. 
   
 
      => Voutput=(-Rf/R-)(VY-VX) 
  Voutput= positive value. 
 
 Note:  If the resistance of the thermistor varies linearly with temperature in 
  range 20oC to 26oC the output voltage at 20oC will be +0.18V.  
 
 
7.a.i. All the supply voltage is across the resistor at the instant the switch 
 is closed. At this instant Vsupply = Vresistor. 
 
 I = 100x10-6 
 R = 150,000W 
 Vresistor = ? 
 
 Vresistor = IRresistor 
 Vresistor = 100x10-6x150000 
 Vresistor = 15V 
 
 Vsupply = Vresistor = 15V 
 
  a.ii. The current in the circuit must first be calculated when the voltage 
 across the resistor is 6V. 
 
 I = ? 
 Vresistor = 6V 

 R = 150,000W 
 
 I = V/R 
 I = 6/150000 
 I = 40x10-6A = 40mA  
 
 From the graph read the time when the current is 40mA. 
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 Time = 40s 
 
  a.iii.Vsupply = Vresistor + Vcapacitor 
 Vcapacitor = Vsupply - Vresistor 
 Vcapacitor = 15 - 6 
 Vcapacitor = 9V 
 
  b.i.A Q = CV 
 
 C = 16mF = 16x10-6 
 V = 6kV = 6000V (This is the voltage across the capacitor when fully charged) 
 Q = ? 
 
 Q = 16x10-6 x 6000 
 Q = 0.096C 
 
  b.i.B E = 1/2(QV) 
 E = 1/2(0.096X6000) 
 E = 288J  
 
  b.ii. I = Q/t 
 I = 0.096/2x10-3 
 I = 48A 
 
8.a.i. A maxima occurs when two waves interfere constructively. This happens 
 when waves are in phase. 
  
 A minima occurs when two waves interfere destructively. This happens when  
 the two waves are 180o out of phase. 
 
a.ii. 

    
 The minima is produced when the path difference YQ-XQ is equal to 3/2l. 
 
 YQ-XQ = (5.2-4.0)m = 1.2m 
 YQ-XQ = 3/2l 
 l=(2x1.2)/3 
 l = 0.8m 
 
  b.i. The speed of sound is constant in air, therefore increasing the frequency 
 will decrease the wavelength. If the frequency is increased by a factor of  
 5 the wavelength will decrease by a factor of 5. 
 
 Wavelength at 1000Hz = 1.2/5 = 0.24m 
 
  b.ii. If the path difference is fixed at 1.2m this will represent a whole  
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 number of wavelengths for certain frequencies and produce maxima, however, 
 for other frequencies this will represent a whole number of half wavelengths 
 and produce minima. For this reason a series of maxima and minima are produced. 
 
9.a. nplastic = sinqair/sinqplastic  
 nplastic = sin15o/sin10o (Note that it is the angle between the ray  
     and the normal that must be used.) 
 
 nplastic = 1.49 
 
  b.i. qcrit = sin-1(1/nglass) 
 qcrit = sin-1(1/1.44) 
 qcrit = sin-1(0.694) 
 qcrit = 44.0o 
 
    
 
  b.ii. Ray Q will be refracted and partially reflected. 
 Ray P will be totally internally reflected because the incident angle 
 of 45o is greater than the critical angle.  

  
 
10.a.i. 

  
 
  a.ii. Individual electrons in the metal atom absorb the energy of a single  
 photon, the energy of which is dependent on the frequency of the photon. 
 The photon energy can be calculated using the equation E = hf.   Below 
 a certain frequency the energy absorbed by an electronin the metal, from  
 the photon, is below that required to escape from the metal atom, thus  
 the current in the circuit will be zero. 
 
  b.i. The threshold frequency will provide electrons with just enough  
 energy to overcome the work function of the metal and eject electrons  
 with no excess kinetic energy. Thus to estimate the work function from the  
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 graph the line must be extrapolated until it cuts the x-axis of the  
 graph. 
 
 X-axis intercept = 6.7x1014Hz 
 This is the threshold frequency. 
 
  b.ii. The work function is calculated using: 
 
 Ework function = hfthreshold  
 Ework function = 6.63x10-34x6.6x1014 
 Ework function = 4.4x10-19J 
 
 This is closest to the work function of the metal calcium 
 
11.a. Alpha particles have a positive charge. It was therefore concluded 
 that electrostatic repulsion from a like charge, of very large mass, 
 was required to produce a large angle deflection. However, as large  
 angle deflections were very rare, and most alpha particles were 
 undeviated from their original path,  it led Rutherford to conclude  
 that most of the atom was empty space with the large positive mass 
 concentrated at the centre of the atom. 
 
  b.i. The total dose equivalent received is calculated using the equation: 
 H =QD. 
 
 Hgamma = QgammaDgamma 
 Hgamma = 1x200 

 Hgamma = 200mSv 
 
 Hneutrons = QneutronsDneutrons 
 Hneutrons = 3x100 

 Hneutrons = 300mSv 
 
 Htotal = Hgamma + Hneutrons 
   Htotal = 200 + 300 

 Htotal = 500mSv 
  
 
b.ii. 

  
 Three half value thicknesses are required. 
 3t1/2 = 3x8 = 24mm 
 
 

END OF QUESTION PAPER

Return to past paper index page. 
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1. D  11. D   21. B 
2. A  12. C   22. A 
3. D  13. D   23. B 
4. D  14. B   24. C 
5. B  15. B   25. E 
6. D  16. A   26. A 
7. B  17. C   27. E 
8. E  18. D   28. B 
9. C  19. B   29. E 
10.B  20. C   30. E 
 

 
31. Calculate the magnitude of the displacement vector (s) using Pythagoras' theorem  
 and calculate the corresponding bearing using basic trigonometry. 
 
 s2= AB2+BC2    Let angle BAC = q 
 s2= 502+1502    tanq=BC/BA 
 s2= 2,500+22,500   tanq=150/50 
 s2= 25,000    tanq=3 
 s= (25000)1/2    q=TAN-13 
 s= 158.11m    q=71.6O 
 
 S=158.11m at a bearing of 071.6O 
 
32. To solve this problem use conservation of momentum. 
 
 Pbefore=Pafter 
 
 Pbefore = mballuball+mstudentustudent 
 Pbefore = 0.42xuball+50x0 
 Pbefore = 0.42xuball 
 
 Pafter = (mball+mstudent)x v 
 Pafter = (0.42+50)0.10 
 Pafter = 50.42x0.1 
 Pafter = 5.042kgm/s 
 
 Equating Pbefore to Pafter leads to: 
 
 0.42xuball  = 5.042 
 uball   = 5.042/0.42 (m/s) 
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 uball   = 12.00m/s 
 
33. Step 1 :Calculate the effective resistance of the parallel network 
  containing the 6W and 3W resistors. 
 
  1/Rp=1/R1+1/R2 
  1/Rp=1/61+1/32 
  1/Rp=3/6 
  Rp=6/3 

  Rp=2W 
 
 Step 2 :Add the 2W resistor to the value calculated above. 
  R=2W+2W 
  R=4W 
 
 Step 3 :The 4W resistor is in parallel with the resistance calculated in step 2. 
  The total resistance is therefore given by: 
 
  1/Rtotal= 1/4 + 1/4 
  1/Rtotal= 2/4 

  Rtotal = 2W 
 
34.a. When the wheatstone bridge is balanced: 
  
 R1/R2 = Rv/Rt 
 Rt = RvxR2/R1 
 Rt = 0.225x2.2/3.3 

 Rt = 0.15kW 

 Rt = 150W 
 
   b. At 80mV the temperature of the thermistor has increased by 4oC. 
  The temperature of the thermistor is therefore 24oC. 
 
35.a. E = hf  f=v/l 
 E = hv/l 
 l = hv/E 
 l = 6.63x10-34x3x108/6.9x10-19 
 l = 2.88x10-7m 
 
   b. As 4.0x10-7m is greater than the maximum wavelength that will cause an 
 electron to be emitted, no electrons will be emitted from the zinc surface. 
 
36.a. When an electron in a high energy level is made to fall to a lower energy level 
 in an atom as a result of a passing photon, with an energy equal to the energy gap 
 between the high energy level and the lower energy level, a photon produced.  
 This is called stimulated emission of radiation where the passing photon is called 
 the stimulating photon. 
 
   b. The stimulating and the stimulated radiation have the same frequency and wavelength. They 
 are also travelling in the same direction and are in phase. 
 
37. To solve this problem use the grating equation dsinq = nl. 
  
 d = 1/300 mm = (1/300)x10-3m = 3.33x10-6m 
 q = 24.5o 
 n = 2 
 l = ? 
 
 l = dsinq/n 
 l = 3.33x10-6sin24.5o/2 
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 l = 6.91x10-7m = 691nm 
 
 

END OF QUESTION PAPER

Return to past paper index page. 
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1.a.i. Component of the force acting parallel to the slope(Fs) is calculated using: 

 Fs = mgsinq 
 Fs = 2.0x9.8xsin20o 
 Fs = 6.7N 
 
  a.ii.  

 
 
  a.iii.To calculate the acceleration use [N2] 
 a = Funbalanced/m 
 
 Funbalanced = FFriction+Fs 
 Funbalanced = -1.3 + (-6.7) Where vectors acting down the slope are taken as negative. 
 Funbalanced = -8N 
 
 a = -8/2.0 
 a = -4m/s2 
 Which equates to a deceleration of 4m/s2, as required. 
  
  a.iv. At its furthest point up the slope the trolley will be at rest. 
 
 v = 0m/s   v = u + at 
 u = 3m/s   t = (v-u)/a 
 a = -4m/s2   t = (0-3)/-4 
 t = ?    t = 0.75s 
 
  a.v. v2 = u2 + 2as 
 s = (v2 - u2)/2a 
 s = (02 - 32)/(2x-4) 
  s = -9/-8 
 s = 1.125m 
 
  b.i. 
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  b.ii. The force vectors in the above diagram are acting in opposite directions. This will  
 produce a smaller unbalanced force than that calculated in part a.iii. This means 
 that the magnitude of the acceleration will be less when the trolley moves down the  
 slope. 
 
2.a. The weight of the student is equal to the scale reading when the lift is moving 
 at a steady speed. This weight is used to calculate the mass of the student. 
 
 w = mg 
 m = w/g 
 m = 588/9.8 
 m = 60kg 
 
  b. The boy is accelerating at the same rate as the lift. The unbalanced force producing  
 this acceleration is equal to the scale reading when accelerating minus the steady   
 state scale reading. The diagram below illustrates this with the scale reading  
 represented by the the upward force labelled T and downward force, weight, 
 represented by W. 
  

 
 Funbalanced = 678-588 
  Funbalanced = 90N 
 
 a = Funbalanced/m 
 a = 90/60  
 a = 1.5m/s2 
 
  c. The lift is decelerating when the upward force is less than the weight.  

  
 Funbalanced = 498 - 588 
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 Funbalanced = -90N  The negative indicates that the unbalanced force 
      acts in the downwards direction. 
 
 a = Funbalanced/m 
 a = -90/60 
 a = -1.5m/s2 
 
 This can be thought of as an upward deceleration of 1.5m/s2  
 
  d.  

 
 
3.a.i. V = d/t1  d = diameter of ball = 24mm = 0.024m 
    t = time for ball to pass through light gate = 0.060s 
 
 
 V = 0.024/0.060 
 V = 0.4m/s 
 
  a.ii. Favg = change in momentum/contact time 
 Favg = (mv-mu)/t 
 Favg = m(v-u)/t 
 Favg = 0.045(0.4-0)/0.005 
 Favg = 3.6N 
 
  b.i. Percentage error in mass   = (0.01/45)x100  = 0.02% 
 Percentage error in contact time = (0.001/0.005)x100  = 20% 
 Percentage error in   t1 = (0.001/0.060)x100  = 1.67% 
 Percentage error in ball diameter = (1/24)x100   = 4.17% 
 
 The greatest uncertainty is in the contact time measurement. 
 
  b.ii. The percentage error in the result can be taken as equal to the largest  
 individual error.  
 
 20% of 3.6N = (20/100)x3.6 = 0.72N 
 
 Favg = (3.6 +- 0.72)N 
 
4.a. Initial volume of gas (V1) in the container = (8-5)litres = 3 litres = 3 x10-3m3 

 Density of gas (r) = 1.29kg/m3 
  
 m = rV1 
 m = 1.293x(3x10-3m3) 
 m = 3.87x10-3Kg 
 
  b.i. Pressure before pumping (Pbefore) = 1.01x105Pa  
 Pressure after pumping (P1) = 3.0x105Pa  
 
 Volume of air before and after pumping(V1) is fixed at 3x10-3m3 
 Area(A) = 7.0x103m2 
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 To calculate the force, after pumping, use: P1 = F/A  
 
 F = P1A 
 F = 3.0x105x7.0x10-3 
 F = 2100N 
 
  b.ii. When the volume of the water is 2 litres, the volume of the gas in the container(V2)  
 is 6 litres,or 6x10-3m3. The pressure at this time is P2. 
 
 P1V1 = P2V2 
 P2 = P1V1/V2 
 P2 = 3x105x3x10-3/6x10-3 
 P2 = 1.5x105Pa 
 
 
 
5.a.i. Vtpd = emf - Ir 
 
 I = emf/(R+r) 
 I = 1.5/(3+0.75) 
 I = 1.5/3.75 
 I = 0.4A 
 
 Vtpd = 1.5 - 0.4x0.75 
 Vtpd = 1.2V 
 
  a.ii. Vlost = Ir  or emf = Vtpd+Vlost 
 Vlost = 0.4x0.75  Vlost = emf - Vtpd 
 Vlost = 0.3V    Vlost = 1.5 - 1.2 = 0.3V  
 
  b.i. R = 1W 
 Vlost = 2V 
 
 Vtpd = emf - Vlost 
 Vtpd = 6 - 2 
 Vtpd = 4V 
 
  b.ii. I = Vtpd/Rvariable 
 I = 4/1 
 I = 4A 
 
 Vlost = Ir  Vlost = emf - Vtpd 
 r = Vlost/I  Vlost = 6 - 4 = 2V 
 r = 2/4 
 r = 0.5W 
 
6.a. A capacitor of value 5mF will store 5 coulombs of charge  
 per volt across it. 
 
  b.i. Initially all the supply voltage is across the resistor in the circuit.  
 The current in the circuit at this point(Iinitial) is 30mA, as read 
 from the graph. 
 
 Iinitial = 30mA = 30x10-6A 
 V = 6V 
 R = ? 
 
 R = V/I 
 R = 6/30x10-6 
 R = 2x105W 
 
  b.ii. Halving the value of the resistor will double the initial charging current. Lowering  
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 the resistance will also decrease the charging time. 
 

  
 
  c.i. The resistance of the variable resistor must be decreased to keep the charging current 
 constant. 
 
  c.ii. To calculate the total charge transferred use: Q = It 
 The values for I and t are read from the graph. 
 
 Q = ?    
 I = 100mA = 100x10-6A   
 t = 10s 
 
 Q = Ixt  
 Q = 100x10-6x10 
 Q = 100x10-5C = 1x10-3C = 1mC 
   
  c.iii.To calculate the capacitance use: Q = CVcapacitor 
 At 10s Vcapacitor = 5V 
 
 Q = 1x10-3C 
 Vcapacitor = 5V 
 C = ? 
 
 C = Q/Vcapacitor 
 C = 1x10-3/5 
 C = 2x10-4F = 200mF 
 
 
7.a.i. To calculate the kinetic energy(Ek) use : Ek = mv2/2 
 
 Ek = ? 
 me = 9.11x10-31kg 
 v = 4.2x107m/s 
 
 Ek = mv2/2 
 Ek = 9.11x10-31x(4.2x107)2/2 
 Ek = 8.03x10-16J  
 
7.a.ii. The gain in the kinetic energy of the electron, with charge e, is a result of it being 
 accelerated by a potential difference V. 
 
 Ek(gain) = eV  
 V = Ek(gain)/e 
 V = 8.03x10-16/1.6x10-19 
 V = 5021.9V 
 
  b. Plate P can be made more positive to attract the electron. This will move the 
 spot up vertically towards X.  
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 Making Q more positive will attract the electron and move it horizontally 
 towards X.If plate Q is made twice as positive as plate P the combined effect  
 will be to move the spot to position X. 
  
 
8.a.i. The amplifier is working in inverting mode.  
   
a.ii. Gain =  -Rfeedback/Rinput 
  
 Rfeedback = 2x106W 

 Rinput = 100x103W 
 
 Gain = -2x106/100x103  
 Gain = -20 
 
  a.iii. 

 
 
  b.i. Between 2ms and 8ms the gain of the amplifier is said to be saturated. This is due to  
 the fact that the output voltage from the amplifier cannot be greater than that supplied 
 to it. 
 
  b.ii. To produce saturation you can:

increase the size of the feedback resistor;
decrease the size of the input resistor;
increase the size of the input voltage.

 
 
9.a. DE32 = E3-E2 
 DE32 = -2.416x10-19-(-5.524x10-19) 
 DE32 = 3.006x10-19J 
 
 To calculate the wavelength of a photon of this energy use : E = hf = hc/l 
 
 l = hc/E32 
 l = 6.63x10-34x3x108/3.006x10-19 
 l = 6.617x10-7m = 661.7nm 
 
 This corresponds to spectral line Z. 
 
 This answer can also be deduced by the fact that the photon produced by the transition  
 between the energy levels E3 and E2has the lowest energy of the four in the diagram. 
  This lowest energy photon will also have the longest wavelength,which is Z.   
 
  b. The more photons of a particular frequency emitted the brighter the spectral line 
 will be. This means that there must be more electron transitions between the energy 
 levels producing the lines Y and Z. 
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 between the energy levels E3 and E2has the lowest energy of the four in the diagram. 
  This lowest energy photon will also have the longest wavelength,which is Z.   
 
  b. The more photons of a particular frequency emitted the brighter the spectral line 
 will be. This means that there must be more electron transitions between the energy 
 levels producing the lines Y and Z. 
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  c.i.  E = hf 
 E = 6.63x10-34x7.486x1013    
 E = 4.96x10-20J 
 
  c.ii. DE54 = E5-E4 
 DE54 = -0.864x10-19-(-1.360x10-19) 
 DE54 = 4.96X10-20J 
 
 The transition between energy levels E5 and E4 produces the infrared photon. 
 
10.a.i.  

 
 
 Angle i = 50o 
 Angle r = 28o 
  
 nglass = sin(i)/sin(r) 
 nglass = sin 50o/sin 28o 
 nglass = 0.766/0.496 
   nglass = 1.63 
 
  a.ii. qcritical = sin-1(1/n) 
 qcritical = sin-1(1/1.63) 
 qcritical = sin-1(0.613) 
 qcritical = 37.8o 
 
  b.i. nquartz = lair/lquartz  
 lquartz = lair/nquartz  
 lquartz = 510/1.55 
 lquartz = 329nm 
 
  b.ii. As the wavelength of visible light increases the refractive index of the quartz(nquartz) 

 decreases. This means that (1/nquartz) increases and therefore qcritical[sin-1(1/nquartz)] 
 also increases. 
 
  b.iii.Flint glass has a higher refractive index than crown glass for all wavelengths of light.  
 This would result in the spectrum being projected onto a lower position on the screen.  
 Additionally, because the difference in refractive index across the spectrum is greater  
 with flint glass, the distance between the red end and the violet end of the spectrum,  
 as appearing on the screen, would be greater. 
 
11.a.i. To conserve atomic and mass number in the decay of Thorium to Palladium a  
 beta particle(b, 0-1e)is emitted. 
 
  a.ii. Number of neutrons(n) = mass number(A) - atomic number(Z) 
 n = 238 - 92 
 n = 146 
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  a.iii.23492U -> 23090Th + 42He 
 
  b.i. Soil and rocks containing natural radioactive isotopes, and cosmic rays,  contribute  
 to background radiation. 
 
  b.ii. The earths atmosphere absorbs cosmic radiation and reduces the effective dose equivalent  
 rate at sea level. At heights above 4km there is less atmosphere to absorb the radiation  
 which results in a higher dose equivalent rate at these rarefied altitudes. 
 
  b.iii. 
     (A)t = 7h 
 H/t = 5mSv/h 
 H = ? 
 
 H = tx5mSv/h 
 H = 7hx5mSv/h 
 H(flight) = 35mSv 
      
     (B)During 40 flights: H = 40x35mSv  
 
 H = 1400mSv (As a result of flights) 
  
 In addition to this the traveller will be exposed to sea level background radiation.  
 Time at sea level tsea = (365x24)-(7x40) = 8480h 

 H(at sea level) = 8480hx0.2mSv/h 
 H(at sea level) = 1696mSv 
 
 H(total) = H(at sea level) + H(flight) 
 H(total) = 1696mSv + 1400mSv 
 H(total) = 3096mSv = 3.096(mSv/year) 
 
 
     END OF PAPER

Return to past paper index page. 
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Solutions to SQA examination
1999 Higher Grade Physics

Paper I Solutions
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31. a.  V(vertical)=V(resultant)xsin30  
 V=14xsin30 
 V=7(m/s)
 
    b. The maximum height reached is calculated using:
 
  v2=u2 + 2as 
 
  OR
 
  s=(v2-u2)/2a 
 
 Note that it is the vertical components of motion that are being considered in this  
 equation and that at the maximum height the vertical component of the velocity is zero,  
 reducing the above equation to: 
 
  s=-u2/2a 
 
 With increasing q u(vertical) is increased. Thus the vertical displacement(height), 
 calculated using the above equation, is increased.  
 
32. Use Boyles law P1V1=P2V2 to solve this problem. 
  
 P1=20x105Pa  V2=P1V1/P2 
 V1=0.01m3  V2=20x105Pax0.01m3/4x105Pa 
 P2=4x105Pa  V2=0.05m3 
 V2=? 
 
33. Energy gained by the electron in the electric field is calculated using E=qV. 
 The kinetic energy of the electron is calculated using E=mv2/2 
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 Equating these two equations gives: 
 
 mv2/2=qV 
 or 
 v=(2qV/m)1/2 
 v=(2x1.6x10-19x2500/9.11x10-31)1/2 
 v=(8x10-16/9.11x10-31)1/2 
 v=(8.78x1014)1/2 
 v= 29.63x106m/s 
 
34. a. Use the potential divider voltage formula V(R1)=[R1/(R1+R2)]xV(S)for this problem. 
 
 V(R1)=Voltage across fixed resistor=1.8kW 
 V(S)=Supply Voltage=6V 
 
 V(R1)=[1.8kW/(1.8kW+1.2kW)]x6 
 V(R1)=0.6x6 
 V(R1)=3.6V 
 
    b. The Voltage in the circuit is divided according to the equation V(s)=V(R1)+V(variable). 
 
 When the resistance of the variable resistor is increased the voltage across it  
 increases. This means that the voltage across the fixed resistor must decrease if  
 the two voltages add up to equal the supply voltage. 
 
35. a. Use the equation I1d12=I2d22 
 
 I1=0.60W/m2  I2=I1d12/d22 
 d1=1.5m   I2=0.60W/m2x(1.5m2)2/(4.5m2)2 
 I2= ? W/m2  I2=0.067W/m2 
  d2=4.5m 
  
    b.  The light from the laser does not spread out in all directions as is the case 
  with a standard filament bulb. This means that the intensity of the beam does  
 not decrease with distance. The intensity at 4.5m and at 1.5m  have a value 
 of 400W/m2. 
 
36. a. Two nuclei join in this nuclear reaction, therefore, it is described as a fusion reaction. 
    b. The mass of the product 189F is less than the sum of the masses 
 of the two reactants, 147N and 42H. 
 This difference in mass, called the mass defect(m), is converted into energy (E).  
 The amount of energy is calculated using the equation E=mc2, where c represents  
 the speed of light.  
 
37. a. Photoelectric emission is used to describe the process where electrons absorb quantised  
 energy, of a sufficient amount, from electromagnetic radiation to enable them to escape  
 from the metal in which they are bound.  
    b. The threshold frequency describes the lowest frequency that the electromagnetic  
 radiation can have to stimulate photoelectric emission.  
 
 

END OF QUESTION PAPER

Return to past paper index page. 
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