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Fig 1.1

(i) With M= 50, adjust the setup such that the string attached to the ruler is vertical,

{ii) Determine and record the angle a.

[Turn over
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4

(b) Change the value of M and repeat steps {a)(i} and (a)(ii) to obtain further sets of readings

for M and ¢ in the range of 10 g <M <60 g. The string attached to the ruler is vertical in
the setup.

(4]
{¢) Theory suggests that M and « are related by the expression
1
coSu = ﬂ:— +B
where A and B are con.stants.
Plot a suitable graph to determine the values of A and B. Include units for A and B, if any.
A=
B= [7]

" (d) The plastic ruler is re-positioned such that it is clamped at the 5 cm mark. Explain how this
affects the measured angle o as mass M increases.
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2

6

In this experiment, you will investigate how the motion of an oscillating system depends on
the mass attached to the system.
(a) Set up the apparatus as shown in Fig. 2.1.

_—-sands—___

m R
_—-bosses.._ -
/»"“"/:,.«w clamps %::“H-A\ metre rule
. I 7
L I ]
L= . L=
|- string._
loops
Z0cm
[ ]
end A B N end B
string loop 5 metre rule
s

;_:I

mass i1

[ ] I ]
Pl
bench
Fig. 2.1
Using the string provided, make two loops of string of approximately 40 cm in
circumference each. Slide the two loops of string onto the rule on top and fix this rule
in the clamps.

Adjust the clamps until the rule is parallei to the bench. Slide a second rule into the
two loops. Both rules should have their markings facing you. The strings should be
vertical. 20 cm apart and at equal distances from the centre of the second rule.

(i) Tie a string from the middle of the bottom rule to the mass hanger. Set the
mass m at 200 g. The distance from the bottom of the rule to the top of mass
hanger should be about 10 cm. Move the end A of the bottom rule towards
you and the end B away from you. Release the rule and allow it to oscillate.

Determine the time taken for one oscillation 7.
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(i)  Estimate the percentage uncertainty in your value of T

percentage uncertainty in 7 =

(b) Increase mto 400 g and repeat (a)(i).

{¢) ltis suggested that the quantities m and T are related
1
7z = km where kis a constant.

(i) Use your answers in

by the equation

(a) and (b) to determine two values of &.
Give your values of k to an appropriate number of significant figures, together
with its unit.

First value of & =

Second value of k =

(i) State whether the results of

your experiment support the suggested relationship
in {c).

--------------------------------------------------------------------------------------------------

[Turn over
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{d) - In an investigation with the mass m kept constant, it was found that T is inversely
proportional to the distance between the string loops, D. Describe the graph you
would plot to show that the relationship between T and D is true.

[Total: 7]
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LED
L
_ circuit symbol
+
L
Fig. 3.1 Fig. 3.2

The circuit symbol of the LED is shown in Fig. 3.2. Itis very important that the LED is connected
to a circuit in the right direction. The current can flow only from the positive {+) terminal to the
negative (-} terminal. The tonger leg in Fig. 3.1 is the positive pin and the shorter leg is the
negative pin.

In this experiment, you will investigate the characteristics of LEDs, such as
* the minimum p.d. to tur on the LED,

* its behaviour when p.d. is applied in the forward and reverse direction,
+ the variation of current with applied p.d. across the LED,

* the variation of the minimum p.d. with the wavelength of light emitted.

(@) (i) You are provided with a wire XY. Measure the diameter of the wire.

diameter = [

(i) Given that the resistance per unit length of wire XY is 26.0 O m, calculate the
resistivity of the wire.

resistivity = om  [1]

[Turn over
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(b) Connect the circuit as shown in Fig: 3.3 with the LED connected in the forward direction.

A

100

Fig. 3.3

(i) Close the switch.
Move the contact J from end Y gradually towards end X until the LED just turn on,
i.e. it just emits a red light.

Record this voltmeter reading, Vmn.

(iii) Move the contact J on the wire XY until the current is increased and the LED lights
up.
Record the voltmeter reading V and the ammeter reading /.

(iv} Calculate the resistance R of the LED when it is operated at this current.
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{v) Adjust the contact J so that the ammeter reading is further increased. The LED
should light up more brightly.

Record the voltmeter reading V and the ammeter reading /.
Calculate the resistance R of the LED.

R= [1]

{vi) By comparing the values obtained in {b)(iv) and (b){v), describe how the resistance
of the LED changes with the cuirent, if any, in the forward direction.

_________________________________________________________________________________________ [1]
() Reverse the polarity of the cells so that the p.d. across the LED is in the reverse direction.

(i} Adjust the contact J until it is at mid-point of wire XY
Record the voitmeter reading V and ammeter reading /.

f= 1]

(i} State what your result in (c)(i} indicate about the resistance of the LED when the
p.d. is applied in the reverse direction.

[Turn over
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(d) In a similar experiment to the one you conducted in (b), a set of LEDs emitting light of
different colours was used. The-minimum p.d. Vs to turn on the LED is measured for
each LED and together with the wavelength 4 and frequency f of light eémitted, the results

are recorded in Fig. 3.4.

colour | minimum p.d. Vmn /V | wavelength #/nm | frequency f/1 0" Hz |
red 1.54 665 45%
orange 1.66 625 4.80
yellow 1.78 595 5.04
green 1.87 565 5.31
blue 2.37 470 6.36
Fig. 3.4
(i) Plot Vmn against fon Fig. 3.5 and draw the line of best fit.
24 b T g
Vmn/V P Sae :
2.2
2.0 t-
et -
16
Fe R ‘ T
14 [ i 1
4.0 50 6.0
f110™ Hz

Fig. 3.5
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(il) Theory predicts that the energy lost by the electron in passing through the LED is
the energy of the emitted photon. Hence

eVm;n = hf
where h is the Planck constant and e = 1.60 x 1079,

Use your graph to determine the value for h.

h= Js 2]

(iii)  The accepted value for h is 6.63x10%Js.

Calculate the percentage difference between the value calculated in (d)(ii) and the
accepted value,

percentage difference = [1]

--------------------------------

(iv} Suggest one significant source of error which could have contributed to the
percentage difference calculated in {d){iii).

(1]

-.----.-......--.._--.._--.-.._._...-_-...-_-.__-__...._-------.._..---_..-.-_...-_-...._--__--__-..-..._---..-. -----
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14
(e} Red, green, and blue are the primary colours of light. They can be combined in different
proportions to make all other colours. When red, green and blue light of the same intensity
are combined together, white fight is observed.

You are provided a set of one red, one green and one blue LED, each of which have
different minimum tum-on voltages.

Describe, using a suitable diagram, how you would ensure that the intensity of the light
emitted from each coloured LED is the same so that white light is observed when the
three LEDs are switched on.

You may suggest the use of any additional apparatus commonly found in a school physics
laboratory.

I3
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A spark plug is a -device for delivering electric current from an ignition system to the
combustion chamber of 3 spark-ignition engine to ignite the compressed air-fuel mixture by
an electric current. : . .

Alr gap separation between two electrodes of the spark plug is one of the crucial factors in
proper engine operation. A narrow gap might prevent a spark from developing fully to ignite
the air-fuel mixture, while a wide gap might prevent a spark from firing at all.

A student wishes to investigate how the production of a spark is affected by various factors.

Fig. 4.1 shows a typicail spark piug.

air gap
n

Fig. 4.1

Itis suggested that the minimum voitage Vv required to generate a spark across an air gap
between two electrodes varies with d, the separation between the electrodes, as well as o,
the pressure of the air, by the relationship

V=kd p”
where &, n and m are constants,
Design an experiment to determine the values of n and m.
The following equipment is available: a pressure chamber, a pressure gauge, an air pumnp,
a variable high DC voltage supply and two electrodes. You may use any other equipment

usually found in g physics laboratory.

Draw a labelled diagram to show the arrangement of your apparatus. You should pay
particular attention to

(a) the equipment you would yse

{b) the procedure to be followed

(¢} how you would measure the minimum voltage V
(d) the control of variables

(e) any precautions that should be taken to improve the accuracy and safety of the
experiment.

[Turn over
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Diagram
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2021 TJC Prelim Paper 4 solution
Suggested Solution for Question 1;

(a) M=10.050 kg

(i} =s56°
o, = 5B°
56+56 _ _
o = =
2

(b)

{c) cosa:iwi+8
A

1
Plot a graph of cos « against M2 where %is the gradient and 8 is the y-intercept.

0.955-0.495

gradient =
0.124 0236
=411
1 0.460
A 0112
1
A =-0243kg’

Substitute (0.124, 0.955) into the equation,

0'48(; ) (0.124) + B

(0.955) = o3

B =146
{d) The measured angle « is smaller.

The perpendicular distance from the line of action of the string tension to the pivot is shorter.
Hence a smaller anti-clockwise moment and the ruler bend a smaller angle.
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Suggested Mark Scheme for Question 1:

www.testpapersfree.com

No Mark Scheme Mark | Score
b} I'omeasured to nearest degree, and is between 40 to 700 1
| Evidence of repeated measurement _1___

1(c) | Tabulate at least & sets of readings i 1

Award 0 marks:if < 5 readings are taken.

Award 0 marks if assistance is provided in setup.

Correct column headings with units 1

Consistent d.p for o (consistent nearest degree throughout the

column)

Correct s.f. for cos a and M2 1

(Evidence of repeated o was accounted in 1(b}) - 1 mark in 1(b)
{d)- | Linearising équation and deriving gradient/y-intercept of graph 1

Cotrect labelling of axes and graph should occupy at least half of graph | 1

paper. Awkward scales (e.g. 3:10) are not allowed

All observations plotted to an accuracy of half a small square 1

Line of best fit — with a fajr scatter of points on either side of the line

Gradient — hypotenuse of the triangle is greater than half the length of | 1

the drawn line. Read-offs must be accurate to half 2 small square

y-intercept - read off to the nearest half small square or determined .

fromy=mx+¢ using a point on the line. 1

Value of B calculated correctly, from y-intercept

Value of A calculated correctly, with units from gradient 1
{d) Correct explanation 1

Correct conclusion 1

Totai | 15
- _Tofai |15 _ | I




Suggested solution for Question 2:

(a)i)

(a) i)

(b)

(c)(i)

(c)(ii)

(d)

N = 10 oscillations
f1=14.65, f2=15.18

“Average t = (14.6+15.1) /2 = 14.9 s. Period = 14.910=1.49 s,

Percentage uncertainty to 2sf,
Uncertainty = 5 x 100%

AT 0.3

— x100% = x100% = 2.0%
T 14.9

Allow ecf for repeat timing.

N = 10 oscillations

tr=116s, f:=114s

Average t = (11.6+11.4)/2 = 11.5 s. Period = 11.5/10=1.15s.
ks = 1/{0.200x1.49%) = 2.25 kg ' s

k> = 1/(0.400x1.15%) = 1.89 kg’ s
Percentage difference of k = (ks — k2)/k2 x100%
= [(2.25-1.89)/1.89] x100% = 18%

Percentage difference of k value is greater than the percentage uncertainty of T.
Hence, experiment does not support the suggested relationship.

Vary D and measure the period T

Plot the graph of T vs 1/D

The graph should be a straight line passing through the origin.

Suggested Marking Scheme for Question 2:

No Marking Instructions Mark | Score
{a)(i) N oscillations chosen such that total time t > 10s
Value of fto correct d.p. with unit 1
Evidence of repeat timing .
Value of T to correct s.f. with unit
{a)ii) Correct calculation of % uncertainty using sensible value of At
(0.2 s < At=0.5s). (May vary based on students’ repeat values) 1
Percentage uncertainty expressedto i or2sf.
(b Value of t to carrect d.p. with unit
Evidence of repeat timing [Allow ecf] 1
Value of T to correct s.f. with unit
(c)(i) ! Correct calculations of the two & values
Expressed to correct sf with units 1
(c)ii} | Draw conclusion based on stated criterion. (e.g. not obeyed because %
difference of k values > % uncertainty of T in (c)(iii})) 1
{d) Vary D and measure the period T
Plot the graph of T vs 1/D 1
The graph should be a straight line passing through the origin. 1
'7 Total 7
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Suggested Solution for Question 3:

3

(a)

(b)

(c)

(d)

(i)
(ii)
(i)
(ii)
(iii)
(iv)
{v)
(vi)
(i)
(ii)
(M)
(if)

(iii)

{iv)

(v)

Zero reading = 0.000 mm-
Diameter = % (0.18 + 0.18) = 0.18 mm
Resistivity p = RA/ = 26.0 x « (0.00 x 10%? =66 x 107 Om
me=1/z(1.59+1.61)=1.60V -

-acts as protective resistor to prevent large current to LED

V=104V

'=8.5mA

R=194/85m= 2300

V=218V

I=83.0mA

R=3460

Resistance of LED decreases as current increases.
V=171V

'= 0.0 mA

Resistance of LED is infinite/infinity.

(Do not accept: resistance of LED is very high)
Accurate plot of points
Best fit line drawn
2.16-1.40

(6.0-4.2)x10™ = 42zx 10

Gradient =

Gradient = hie = 4.22 x 104
h=422x101x 1.60x10"%=676x 1034 Jg

-34
Percentage difference = %O_x 100%=15%
63 x

Possible error
» difficulty in judging when LED ‘just turn on” based on visual nspection thereby
affecting measwement/accuracy of Vo,

Do not accept; -

-Joule heating of LED causing resistance to change (LED just fights up so the
p.d. is low so insignificant joule heating)

-Crocodile clip has a wide surface area (experiment does not require
measurement of length of potentiometer wire so replacing by jockey does not
improve the &rror)

Improvements

* conduct experiment in a dark room and use light sensor connected to data
logger/light meter to measure intensity of light when LED just lights up

* repeat measurement of Vi, to find average

www.testpapersfree.com




(e) Set up a circuit with a d.c. power supply to the 3 coloured LEDs in parallel.
Each LED branch has a switch and a series variable resistor as shown.

Hight sensor

LED

data jogger

Place a light sensor with data logger at a fixed distance from each LED.

Close the switch for the Red LED. Adjust the variable resistor to give a suitable
current to light it up. Record the reading of the light sensor.

Repeat with the Green and Blue LED in turn, adjusting the series variable
resistance to ensure the same light sensor reading

Turn on all LEDs at once and observe the white light produced

Note:
Same power does not mean same intensity emitted.

www.testpapersfree.com



Suggested Mark Scheme for Question 3:

3 {a) {i)

- ]

(a} (i)

_— ]

(b) i}

(b) (ii}

—_

(b) (iv}
(b) {v)

—-

{b} (vi)

{c) (i)
{c) (i)
(d) (i}

(d) (ii)

{d} (i)
(d) (iv)

(d) (v)

(e)

Marking Instructions

Repeat measurement of diameter 7 "

recorded with unit and corvect d.p

Correct calculation of resistivity and expressed to approprate s.f.
Range of resistivity: (5.9 - 7.4)x 107 Om

Repeat measurement of Vmin

Voltage Vmis in the range 1.55 to 1.65 valts {inclusive)
recorded with unit and correct d.p

Correct explanation of use of series resistor

V recorded to correct d.p and unit

| recorded to correct d.p and unit )

Value of resistance calculated correctly and expressed in appropriate s.f.
and units

Value of new resistance calculated correctly and expressed in appropriate

s.f. and units

Correct explanation of variation of resistance — gg current increases,

resistance decreases
Current = 0.0 mA in the reverse direction (1 dp with unit)

lghore V.
Correct statement that diode has infinite resistance in the reverse direction

All observations plotted to 1 small square
Line of best fit is drawn, with fair scatter of points on either side

Recognition that gradient = f/e

Gradient — hypotenuse of the triangle is greater than half the length of the
drawn line. Read-offs must he accurate to half a small square

Value of # calculated correctly, expressed to appropriate s.f

(minus 1 mark ifh is found by substitution)

Percentage difference calculated correctly and expressed in 2or 3 s.f
Possible errors

« difficulty in judging when LED “Just turn on” based on visual inspection

thereby affecting measurement/aceuracy of Vi
improvements

* conduct experiment in a dark room and use light sensor connected o
data logger/light meler to measure intensity of light when LED just lights up
* repeat measuwrement of Vo to find average

Circuit diagram showing d.c. supply, variable resistor in series with each
LED. The 3 coloured LEDs are connected in parallel.

Use of light sensor/meter to measure intensity, placed at fixed distance in

front of LED.,
Adjust variable resistance sg that the fight sensor/meter reading is the
same for each LED at the fixed distance

| -

www.testpapersfree.com
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Suggested solution for Question 4:

A

Diagram

. X temperature
17 data I SEnsor —
e
| logger { ressure
: : {\nawe )
e :
e ey DEGSSUE
i_ chamber
- ’1"‘\ electradesS /
A (\V. actrodes’ :

; i i .
vatiable DC —- ‘
supply

Defining the problem

Dependent variable is minimum voltage V

independent variable is pressure of the air-fuel mixture p and air gap separation d
Variables to keep constant:

1.

2.
3.

Temperature of the air-fuel mixture is kept constant by conducting the experiment in a
temperature controlled pressure chamber and monitored regularly using the temperature sensor
connected to a data logger.

The same type of gas is used.

The material and shape of the electrodes are kept constant by using the same type of electrodes

throughout the experiments,

Procedure
Expt 1: Keep d constant, Independent variable is p , dependent variable is V

N —

OWoN@O R W

Set up apparatus as shown in diagram.

Air gap separation is kept constant by clamping the 2 electrodes at a fixed distance and
measured using a Vernier calliperfravelling microscope.

Adjust the air pressure p of the chamber to a suitable pressure using the air pump/vacuum pump.
Measure and record p using the pressure gauge/pressure senor connected to data logger.
Switch on the variable DC supply.

While keeping p constant, slowly increase the variable DC supply unti! a spark is observed.
Measure and record the minimum voltage V, by reading off the voltmeter.

Find the measurement of V and find average V.

Repeat steps 3 to 8 for different pressures by pumping/removing air from the chamber with the
use of air pump/vacuum pump for 5 further sets of data.

Expt 2: Keep p constant, Independert variable is d, dependent variable is V

Set up apparatus as shown in diagram.

Adjust the air pressure of the chamber to a suitable pressure using the air pump/vacuum pump.
The pressure of air is kept constant by keeping the mass of air constant and monitored using the
pressure gauge/pressure sensor connected to data logger.

Adjust the air gap between the 2 electrodes to a suitable separation using the clamps.

Measure and record d using the Vernier Calliper/travelling microscope.

Switch on the variable DC supply.

Slowly increase the variable DC supply until a spark is observed.

Measure and record the minimum voltage V, by reading off the voltmeter.

Find the measurement of V and find average V.

. Repeat steps 4 to 9 for different air gap separation by adjusting the distance between the

electrodes for 5 furlher sets of data.

www.testpapersfree.com
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Experiment 1 )
V - k npm
9V = migp +Ig(ka”)
Plot a graph of IV against Igp, gradient = m
Experiment 2 .
V — kdnpm
oV =nlgd + lg{kp™)
Plot a graph of IgV 5 ginst lgd, gradient = p
Other reliability measures/Additional details
1. Do a pre-experiment to find a suitable range of ¢ and P to ensure sparks are produced.
OR Do a pre-experiment to find a suitable range of d and p to have measureable Vv,
2. Perform experiment in the dark so the sparks can be seen clearly.
3

Use of g microammeter/current sensor Connected to a data logger to detect a surge in current
due to sparking across the electrodes.

4. Repeat measurement of V and find average.
5. _Align the 2 electrodes so that the pointed ends are facing each other venicallg/horizonta!ry.
Safety precaution

1. Wear goggies to protect the eyes from high intensity sparks/uv radiation from sparks.

2. Wear insulated gloves to prevent electric shocks from static charges accumulated.

3. Handle high voltage variable DG supply with care.

4. Construct a safet screen around the pressure chamber to protect from explosion/implosion.

Suggested Marking Scheme for Question 4:
Design [1 mark]
A1 | Clearly labelled diagram:
2 electrodes connected to variable d.c supply and voltmeter across electrades
Circuit must be drawn outside the pressure chamber
Pressure chamber, air pump and pressure gauge
Procedure [5 marks]
B1 | Method of measuring p using pressure gauge
B2 | Method to vary o using of air pump or vacuum pump for 6 sets of data
B3 | Method to vary and measure d using vernier Calliperftravelling Microscope for 6 sets of data
B4 | Method to keep control variable constant, i.e. temperatureftype of gasitype of electrode constant
BS | Method to measyure 1 using volimeter and to va p.d across electrodes until sparks across gap -
Safety and analysis [3marks)
Cc lgV =mlgp+ 'g(kd"y, Plot a graph of lgV against Igp, gradient = m

C2 | gy = nlgd +lg(kp™), Plot a graph of 9V against Igd, gradient = 1
C3 | Either one:
-Wear goggles to protect the eyes from high intensity sparks/uy radiation fram sparks,
-Handle high voltage variable d.c supply with care.
-Construct a safet screen around the pressure chamber to protect from explosion/im losion.
Detail [Maximum 3 marks]
D1 | Do a pre-experiment to find a suitable range of d and p to ensure sparks are produced. OR
Do a pre-experiment to find a suitable range of g and p to have measureable V.
B2 | Perform experiment in the dark so the sparks can be seen clearly.
D3 [Useofa microammeter/current Sensor connected to a datg logger ta detect a surge in current due
to sparking across the electrodes.
D4 | Repeat measurement of V, o and p and find average.
D5 | Alignthe 2 electrodes so that the pointed ends are facing each other vertically/horizontally.

D5 | Other possible good physics suggestions
12
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