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4 In Scction A Task 1 you calculated the density of the rubber stopper. The aceuracy of your
result depends on whether the water in which the stopper was submerged contained dissolved
impuritics.

The density of a sample of water of unknown purity can be compared with the density of
pure water using an instrument known as a pyknometer or densiy bottle. The density bottle
has a glass stopper, which has a fine hole through it so when the botle is filled the excess
liquid rises through the hole and drains away. This ensures the bottle will always contain the
same volume of whatever liquid is put in it.

This type of density bottle is illustrated in Figure 7.
Figure 7
a E glass stopper (shown shaded) with

fine hole to allow excess liquid to
escape

A student makes the following measurements in order to determine the density of a liquid.

Mass of cmpty density bottle
Mass of density bottle when filled with pure water .
Mass of density bottle when filled with liquid of unknown density = 45.20g

Use the student’s data to show the density of the liquid = 1040kgm™.
The density of pure water = 1000 kgm™.
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5 Another student researches methods of comparing the densities of two liquids and discovers
a method known as Hare’s apparatus.
The apparatus, shown in Figure 8, includes two vertical glass tubes connected at the top by a
glass T-picce.

Figure 8

These tubes dip into scparate beakers containing the liquid of unknown density and pure
water. Air is sucked through the centre limb of the T-picee and the clip closed. Removal of
the air causes the liquids to rise up their respective fubes but the difference in the densities
‘means that the liquids arc raised through different heights, shown by &, and h, in Figure 8.
By bricfly opening and then closing the clip the student acquires the data shown below.

I Jem Ir/em
710 742
659 68.9
512 535
409 238
317 36.0
241 252
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The formula for Hare’s apparatus is
density of water x h,, = density of the liquid  h,.

5 (a) The student suspects that one row of data may contain an unreliable measurement.
State and explain which row contains the unreliable data.

(2 marks)

5 (b) () Showing your method clearly and rejecting the unreliable data, use the remaining
data produced by the student to determine the density of the liquid.

(5 marks)
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5 (b) (i) State and explain how the student could use the data to determine the density of
the liquid by a graphical method.

(2 marks)

5 (b) (i) Explain how the presence of unreliable data would be identified on the graph.
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5 (c) Identify one possible source of random error in the measurements in the student’s
experiment and explain how this crror can be overcome.
You may wish to use a sketch to illustrate your answer.

(2 marks)
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3 Inan experiment in Section A, you saw how two grids of parallel ruled lines can be used to
produce Moiré fringe patterns, as shown in Figure 7.

ure 7

D, the perpendicular distance
between adjacent Moiré fringes

a,the angle
between the
sets of lines.
on the

two grids

P, the spacing of the ruled lines on cach grid

A student obtains two diffraction gratings thought to be identical with a spacing of about
3x 10 m. The student finds that when these are placed together and viewed against a white
background a Moiré fringe pattern is observed when one grating is rotated slightly.

For small angles, the distance between the Moiré interference fringes, D, is given by the

approximate equation, D % where a s in degrees.

By assuming that p = 3.0 x 10-*m, the student uses this equation in a spreadsheet to find D
for values of a up to 16°.
The student’s results are shown below.
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al® D/mm
2 0.0855
4 0.0428
6 0.0285
8 0.0214

10 0.0171
12 0.0143
14 0.0122
16 0.0107





image8.png
The student intends to view the Moiré fringes through a microscope to check the spreadsheet
results for D by measuring D using the microscope directly.
The vernier scale on the microscope can measure to the nearest 0.01 mm.

3 (a) Explain using suitable calculations why this microscope is not suitable to check the
results of the spreadsheet calculation.
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3 () The equation for D can be reamanged o give p = $2.
The student suggests that if a better microscope can be provided and ¢ can be set to
produce values of D greater than 0.10 mm, the value of p can be found experimentally.
Discuss whether the student’s suggestion is sensible.

(2 marks)
3 (¢) The theoretical scparation of the Moiré fringes when a= 2°, shows D = 0.0859 mm.

Calculate the percentage difference between this value and the stuent’s spreadsheet
result for D when a = 2°.
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4 In the experiment in Section A Task 1 you observed Moiré fringes using a transparent sheet
on which gridlines were printed. This question is about an experiment to measure the
stiffness of a narrow strip of the transparent sheet.

In Figure 8, which is not to scale, the strip of the transparent sheet is suspended vertically in
front of a sheet of card; the lines printed in the strip are parallel to those on the card.
A grid, of identical spacing to that on the transparent sheet, is printed on the card.

The strip is stretched and when viewed against the grid on the card, Moiré fringes are seen.
Figure 8

grid printed on to

strip of transparent i

sheet (shown in

enlarged view

below)
Moiré fringes
appear when strip
of transparent
sheet is stretched

grid printed on to

sheet of card
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It can be shown that A/, the extension of the strip of transparent sheet, is given by

x1

where p = distance between centres of adjacent lines on the grid printed on the card,
the distance between the centres of adjacent dark Moiré fringes,

d=
I = length of the strip before being stretched.

The stiffness, k, of the strip is given by

k:E,

where F = the force applied at each end to stretch the strip of transparent sheet.
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4 (a) Explain how the stiffness of the strip of transparent sheet can be determined
experimentally.
You may assume that the value of p is known.
In your answer
* state what measurements should be taken, explaining how each will be made
® describe procedures to reduce uncertainty in each of these measurements
* explain how the measurements can be used to calculate the stiffness of the strip of
transparent sheet.

(6 marks)

4 (b) InSection ATask 2 you used a plastic metre ruler.
Explain why it is not sensible to measure the stiffness of the plastic ruler using the
method suggested in part (a).
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4 Tn Section A Part 1 you measured the diameter of a wire using a micrometer screw gauge.

4 () Suggesta possible source of random error in this measurement.

4 (i) Describe and explain a procedure that can be followed that may reduce the effect of the
source of random error you identified in part (i).

4 (i) Suggest a procedure that can be followed that may reduce the effect of systematic error
in the determination of the diameter.
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5 In Section A Part 1 you were asked to record the position, 6, of the control knob against a
scale when the voltmeter read zero and then to plot a graph from which the resistance, Ry, of
an unknown resistor was determined.

A student who has carried out this experiment produces the graph shown in Figure 5.

Figure 5

300

250 L
©-ay° T
200

150

100

50

0 10 20 30 40
RKQ

The student estimates that the uncertainty in each reading of 6is * 1.5°.

5 (i) State the uncertainty in the calculated values of (8- 6,).

5 (i) Hence explain why the student would find it difficult to use Figure 5 to make an
accurate determination of R, if the resistance was approximately 25k€Q.
You may add detail to Figure 5 to illustrate your answer.

(3 marks)
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6 Conducting putty is a material made by mixing silicone rubber with carbon powder. The
putty can be easily formed into different shapes so the effect of these changes on the
electrical resistance can be investigated.

A student forms a sample of the putty into a cylinder and connects the ends of the cylinder to
a resistance meter which gives a direct reading of the resistance in Q, as shown in Figure 6.

Figure 6

The student then forms the sample of putty into cylinders of different lengths, each time
‘measuring the length L, and the resistance R.
The student’s results for these different cylinders are shown in Table 4.
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L/em R/IQ
6.6 29
10.6 76
138 130
178 216
214 304

Table 4

for use in answering part (a)
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Theory suggests that R = kL?, where k is a constant.

6 (a) Show whether the data in Table 4 confirm the theory.
You may use the right-hand column of Table 4 to assist you with this question.

(3 marks)

6 (b) Estimate the length of the cylinder, the resistance of which is shown being measured in
Figure 6.
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3 The electrically conductive surfaces of the paper you used in Section A Part 1 have a coating
of paint containing a form of carbon (graphite) similar to that used in pencils.

Using a pencil as part of a circuit containing a single 15 V cell, a student designs an
experiment to find out more about the electrical properties of graphite.

3 (a) Complete Figure 8 to show the external circuit that the student should use to
investigate the current — potential difference (pd) characteristic of the graphite used in
the pencil.

Figure 8

single 1.5V cell

1

crocodile ﬁ H7 crocodile

(2 marks)
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The experimental results are displayed in Figure 9.

Figure 9

current

o

0 pd

3 (b) With reference to Figure 9, explain how the resistance of the graphite is affected by
temperature.
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Using the equipment used in Section A Part 1, the student then carries out
measurements on one strip of the paper with the electrically conductive surface. By
using the moveable contact shown in Figure 10, the student investigates how [, the
length of the strip, affects the ohm-meter reading.

Figure 10
" moveable
‘ohm-meter o #‘
contact

fixed

copper
contact conductive surface
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‘The experimental results are displayed in Figure 11.

Figure 11
50
40
e
30
ohm-meter
reading/kQ
20
10 +
0
0 10 20 30 40
1/em

3 (¢) Use Figure 11 to determine the resistance per metre of the strip. Show your working.

(3 marks)
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Figure 12 shows a cross-sectional view of the strip; the conductive layer of graphite paint is
of uniform thickness = 7 and the width of the paper strip = w.

Figure 12

very thin layer of conductive paint

=T
——

3 @ Showthat B = P where %: resistance per unit length of the strip and p = resistivity

of graphite.

(2 marks)

3 (e) Describe how w, the width of the conductive paper strip, can be measured and explain
how your procedure reduces uncertainty in the result.
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1 () Inpart(a) of Section A Task 2 you used a micrometer screw gauge to measure the
diameter of a wire. A micrometer screw gauge is shown in Figure 8.

Figure 8

‘micrometer scale thimble
ratchet

15
0

20
15
10

‘main scale and
‘micrometer scales
shown enlarged

1 (© () Whatis the precision of the main seale on the micrometer screw gauge?

1 (© (i) Why

important to close the gap between the anvil and the spindle of the
‘micrometer using the ratchet and not the thimble?

1 (©) (i) Statea procedure to detect a possible systematic error in the micrometer readings.
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1 (©) (iv) State any procedure you used to reduce the effect of random errors on your result
for the diameter of the wire.
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2 In Section A Task 1 you traced the paths of light rays passing through a semicircular
transparent block and determined the refractive index of the block.
A student performs this experiment and produces a diagram, scen approximately to full

scale in Figure 9, showing lines PQ and RS, the outline of the block and the paths of
the incident and emergent light rays.
Figure 9
R R
incident light ray |
I
[
P Q
\
emergent
light ray
with mirror
in place emergent light ray

— ‘without mirror in place

po——




image26.png
(a)

(a)

(a)

Figure 9 can be used to determine the refractive index of the block by a different

‘method from that you used in Section A Task 1.

(i) Complete Figure 9 by showing the paths of the light rays within the block that
lead to the formation of both emergent rays.

(ii) Explain, by adding further detail to Figure 9, how you would determine another
experimental value of the refractive index of the block.
Make clear the calculations you would carry out.
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2 (b) If both methods are used with the same ray diagram to calculate the refractive index
of the block, explain why the result obtained using the method you used in Section A
Task 1 is likely to provide the more accurate result.

(2 marks)
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In a different experiment to that you performed in Section A Task 1, a student directs a
ray of light on to an equilateral prism and adjusts the position of the prism until the
intemal ray is parallel to the lower edge of the prism, as shown in Figure 10.

Figure 10

cquilateral pmm shown by dashed line

- R 0, the angle
of deviation

incident ray

emergent ray

internal ray parallel to the
lower edge of the prism
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3 (a) Outline a simple test that the student could perform without moving the prism, to
check that the internal ray is parallel to the lower edge of the prism.
You may wish to use a sketch to illustrate your answer.

(2 marks)
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3 (b) The student measures 6 to be 40° using a protractor with a precision of 2°.
Calculate the percentage uncertainty in the student’s result for 6.

Ppercentage uncertainty in result for 6: .
(1 mark)

3 (¢) The student discovers that 6, the angle of deviation between the emergent ray and the
path of the incident ray is related to n, the refractive index of the prism by
6,
< (1) o).
2 2
Using 04 = 40° the student correctly calculates n = 1.53. Knowing that the true value

of 6;could lie anywhere between 38° and 42°, the student then calculates the smallest
and largest possible values for .

3 (0 () Calculate the student’s result for the smallest possible value for n, which occurs
when 6= 38°.

smallest possible value for n =

3 (¢ (i) Calculate the student’s result for the largest possible value for n, which occurs
when 6y =42°.

largest possible value for n
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3 (¢) (i) Calculate the percentage uncertainty in the student’s result for n.

percentage uncertainty in result for n.=
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Astudent performs a different experiment to investigate how the pd across a power
supply changes as the resistance of the external circuit is varied.

The internal resistance, r, of the power supply is unknown.

The student begins by measuring the emf of the power supply and then connects an
increasing number of 22 © resistors across the supply, measuring the pd as each
resistor is added.

This procedure is illustrated in Figure 12.

Figure 12

measuring the emf

unknown internal |
resistance, r

]

measuring the pd e
with one 22Q edo .,

resistor connected

22Q

measuring the pd
with two 22
resistors connected

22Q 220
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The student continues with this procedure until twenty resistors have been connected
to the circuit.

Some of the student's results, showing how V, the pd across the power supply,
depends on , the number of 22 Q resistors connected to the circuit, are shown below.

n VIV n VIV
o 1.56 4 0.92
1 1.33 7 0.7
2 1.16 12 0.51
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2 (a)

Plot these data on Figure 13 below then use your graph to predict Vo, the pd across

the power supply when n = 20.

VIV

18

16

14

12

1.0

08

06

04

02

Vag =

Figure 13

8

10

n

12

14

16

18

20

[2 marks]
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2 (b)  The student uses a computer spreadsheet to analyse how P, the power dissipated in
the external resistance, produced by the 22  resistors, depends on .
Figure 14 shows P for values of n between 4.0 and 8.0.

Figure 14

162

160

P/mW

4.0 45 5.0 55 6.0 6.5 7.0 75 8.0

The student finds that P has a maximum value when the external resistance is equal
to the internal resistance of the power supply.
Use Figure 14 to determine the internal resistance of the power supply in the
student's analysis.

[3 marks]
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3 A student devises an ohm-meter based on an analogue milliammeter.
The student's circuit is shown in Figure 15.

Figure 15

analogue miliammeter

The principle of the students ohm-meter is that the meter reading decreases when
any resistor is connected between X and Y.

The amount by which the reading decreases depends on the resistance between
Xand Y.

The procedure for using the circuit is s follows:

Step 1 The variable resistor is set to maximum resistance. Switch S is then closed
and the meter indicates a small current, as shown in Figure 16a.

Step 2 The resistance of the variable resistor is reduced until the meter shows the
full-scale reading, as shown in Figure 16b.

Step 3 A resistor is connected between X and Y and switch S is opened. The
reading on the meter falls to a value less than full-scale, s is shown in
Figure 16c.

Figure 16a Figure 16b Figure 16¢

Y 1 (N i I

S © ©
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3 (a) () Having carried out steps 1 and 2, explain what the student should do next to calibrate
the scale on the meter to read resistance.

[3 marks]

3 (a) (i) The emf of the battery decreases over time.
State what effect, if any, this change will make to the resistance readings made in
Figure 16b and in Figure 16c when the procedure is correctly followed.
[2 marks]

Figure 16b

Figure 16c ...
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3(b)  Commercially produced analogue ohm-meters have scales similar to that shown in
Figure 17.

Figure 17

curving strip

® of mirror
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3 (b) (i) State a difficulty you might experience in reading this type of scale ahd explain why
this difficulty arises.

[2 marks]

3 (b) (ii) Figure 17 shows that the meter has a curving strip of mirror mounted behind the
needle, close to the scale.
State and explain how this mirror can be used to reduce random error in reading the
meter.
[2 marks]

3 (b) (iii) State and explain how the uncertainty in the measurements made on this scale
depends on the resistance of the resistor connected to the meter.
[1 mark]
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Question 4

mass of water that just fills the bottle = 44.12 - 18.07
mass of liquid that just fills the bottle = 45.20 — 18.07 (= 27.
clarity of working, eg expect 26.05(g) and 27.13 (g) and clear layout v°
density liquid/gem™ = 27.13 + 26.05 v/

[density liquid/kgm™ = (27.13 x 10° + 26.05 x 10°) v]

(withhold mark if 26. 05 is truncated to 2 sf, but tolerate 3 sf)

final answer in kg m”, evaluated to at least 4 sf, (expect 1041 or 1042, reject
1040; 5 or more sf are allowed here if rounding is correct) v

[reverse argument using density to prove volume of water = volume of liquid
can earn full credit, eg

3
for, v = volume of water that fills bottle (= %) and volume of liquid
3
that fills bottle (= %); for 5 v both expressions = 2.61 10" m’]

Total
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Question 5

(a)

the fifth row [ = 37.7, hy = 36.0] is suspect v
this is the only set where Ji > hy v

(®) @)
() (i)
(b) (i)

M Iy
rejects errant set and calculates any =
3
M Iy
evaluates < using all 5 valid data sets
3
M y
calculates average % using at least 2 alid sets (expect 1.046) v
3
M

Iy
density of liquid = 1000 37~ ¥
3

sM:  rejects errant set and calculates average hw and average i v

M as above using all 5 valid data sets (accept eow, eg 52.9(2)cm and
50.6(2)cm) ¥

M iy
calculates 5 using average values of iy and /i derived from at east

3
2 valid sets (expect 1.045) v/
M: as first method v

M Iy
™ rejecting errant set, calculates liquid density using any 1000557
3

aM:  calculates liquid density for each of the 5 valid data sets v

M hy
calculates average of 1000 -/
3

density of liquid = 1045kgm™ or 1046kgm™ [accept 3 sf 1.050kgm™] v*
(penalise 5 or more s in final answer)

plota graph of i (1) against i (~); measure the gradient
density of liquid = gradient x density of water v

[plot pwhs (1) against i (~); measure gradient v

density of liquid = gradient v]

errant data set is shown by point (significantly) off the bestfit line v~
(tolerate *anomalous point would be an outlier)
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(c)

parallax error when judging level of (bottom of) the meniscus against scale
on ruler v

valid procedure described to describe how f is read at eye level eg use of a
mirror placed behind the tube or with a set-square [look along set square
placed in contact with vertical face of ruler]

[the ruler may not be vertical v avoid by aligning with a plumb line or with a
set-square with one edge on the bench or by comparing with a known
vertical (eg a door frame) v’

may not measure to bottom of meniscus consistently v avoid by reading i
with eye level with bottom of meniscus (procedure described as above) v
(credit relevant detail if shown in sketch) v]

(reject ‘leaky clip’ as this will lead to changing levels)

Total

12





image43.png
Question 3

(@)

D could not be measured with enough precision; [can only resolve to
1sf/2dp (and 3sf/4 dp needed)/needs to measure to 0.0001 mm]
example given to correcty illustrate this point, eg 0.0855 mm would be read
as0.09mm v

same D would be produced for different v
example given to correctly illustrate this point, eg when &= 12°/14°/16° v

there would be a large percentage uncertainty [percentage error] in D v’
example given to correctly illustrate this point, eg when &= 8° percentage
uncertainty is 47%  (tolerate answers using AD = 0.01mm or 0.02mm)

o Dimm % uncertainty
spreadsheet  t00.01Tmm | (AD=0.01mm) max 4
2 0.0855 009 1.7%
4 0.0428 004 234%
6 0.0285 003 35.1%
8 0.0214 002 46.8%
10 00171 002 58.5%
12 00143 001 70.2%
14 00122 001 81.9%
16 00107 001 93.6%
() argument is not sensible because (larger value of D leads to) very small
values of @ v 2
(hence)  cannot be measured accurately [uncertainty would be very large] v
(© % %100 v (working must show 0.0859 in denominator, or 0/2) )
=0.466% or 0.47% only v (ie 0.5% is worth 1 max)
Total | 8
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Question 4

(@)

-

Bt b b

P
P

mass measured on a balance (accept ‘scales’) v
Ifound by measuring with a uler [mm scale, tape measure] v
dfound by using a ruler [vemier scaleftravelling microscope]

apply tensile force by attaching masse(s) to (lower end of) strip (accept
“attach weight(s)’ or ‘use newton meter’ but M = 25 = 0) v’

(tensile) force found by muttiplying mass by g [9.81] v
calculate A/ for different For S =0
plot a graph of F against Al or 5 =0 v

find stifiness of the strip of transparent sheet by measuring the
gradient © [accept reverse argument, ie plot A/ against - and measure
(gradient)”] [alt <S measure d for different For <S =0 /;

45 plot a graph of Fagainst ™ or sS =0 ; s measure the gradient;
stiffness = 2G/pL v

check that balance s tared beforehand v
using a long strip [large masses/weights] reduces the error in /v~

measuring across multiple fringes and divide by number of fringe
widths; reject bland ‘repeat and average’ v

max 6

(b)

(idea that) the extension produced is too small(to cause a significant change
in d) [masses required would be too large, accept ‘will not stretch (easily)’] v

Total
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Question 3

a

read off x) where the gradient of the graph changes [increases/steepens] +
(reject ‘'where the graph starts to curve’ or ‘where trend changes’)

(condone find x where straight lines meet but do not credit again in (b))

either

student A’s argument is better, consistent with candidate’s graph (ie curve
between linear regions; reject 1 quadrant plot)

(graph shows) gradient changes over a range of x values v

can locate point where width changes by determining the centre of the
curving region v

more points at this part will help define the shape (of the curve) improve the
detail (of the graph) where the gradient changes] + (reject ‘identify/eliminate
anomalies’)

or max 2
student B’s argument is better, consistent with candidate’s graph (two linear
regions intersecting at a point; reject 1 quadrant plot) v
(idea that) the linear regions intersect at a specific value of x [where
straight line regions meet or intersect] v
can locate point where width changes (by extrapolating lines) and finding
where lines meet [cross] v
more points will reduce the impact of random error of the gradients [make
gradientlline more reliable [identify/eliminate anomalous results] - (reject
“reduce random error in points’ or ‘make points/data more reliable’)
Total | 3
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Question 4

idea that the wire may not have uniform cross-section [diameter] v
(accept ‘uneven wire'; reject ‘kink’ or ‘bend’ in the wire, or other ideas such
as parallax or any other form of human error)

repeat the measurement at a different point (on the wire) [with the
micrometer in a different direction] v

calculate an average result [checklreject any anomalous results]

procedure: close jaws and check reading (= zero) ['check for zero error] v

(reject idea of measuring “known’ dimension and checking reading or
comparing with readings made using a different instrument)

Total
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Question 5

£3v

idea that when Ry is approximately 25kQ the gradient of the graph is small
[tolerate ‘graph is flathorizontal’] v

the (small) uncertainty in 6 — 6 produces a large uncertainty in R, [plausible
values suggested, eg from = 20kQ to >40kQ] v

(reject idea that vertical scale is not precise enough)

a sketch that conveys how the uncertainty (roughly correct) in 6 6
produces a correspondingly larger uncertainty in Ry is worth both marks, eg

[T

o 10 2 E) 0
D

both marks can be eamed for a valid calculation of the uncertainty, or
percentage uncertainty, in R, based on the idea llustrated in the sketch

Total
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Question 6

a

all 5 values of k correctly calculated to = 3 f + 0.0001 (accept 2 sf for rows 1
and 2) v+ [1 error = 1 max, all 2 sf =1 max]

(accept reverse working, eg calculation of k for R=2.9Q, L = 6.6 cm, then
calculation of remaining R values using kL; results should all be consistent
with values in column 2 of Table 4)

Liem RIQ RIL? RIL? (2 sf)
66 29 0.0666 [0.067] 0.067
106 76 0.0676 [0.068] 0.068
138 130 0.0683 0.068
178 216 0.0682 0.068
214 304 0.0664 0.068

statement that (all k values are consistent so theory is correct v

[for error(s) in k allow ‘reject theory’ providing largest k = smallest k = 1.10; if
all RIL* shown as 0.07 then ‘accept theory’ is worth 1 max]

correct use of average value of k from at least 3 rows of Table 4 (expect to
see 0.0674, 0.067 or 0.07 but condone minor variations) and R =
calculation of L v/

.80 in

75(1)em v

(accept 2 or 3 sf answers with unit in range 7.4(0) to 7.6(0); no ecf for false
average k)

Total
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Question 3

voltmeter in parallel with the pencil and ammeter in series with the pencil or
02y

suitable means of varying the pd across the pencil, e.q. variable resistor in
series with the pencil or suitable potential divider arrangement expect ASE
symbols v

(reject attempt to make cell have variable output; labelling as ‘variable
resistor’ but showing wrong symbol loses mark)

3| ®

temperature increases [graphite heats up] as current increases (reject
reverse argument); accept higher pd leads to higher temperature” only it
“higher pd leads to higher current is also seen 1

valid comment about Figure 9, eg as current increases, %mcreases llarger
change in current is produced by same change in pd; accept numerical
Values added to axes and two suitable calculations] » (reject idea that é

[R™'] = gradient of the graph or idea that */ increases faster than V'’; reject
“smaller increase in pd produces bigger increase in current’)

]
¥ r
heats up] (reject reverse argument) sv"

(if + is eamed accept resistance decreases as current increases for 5v)

1

, hence) resistance decreases as temperature increases [graphite

reasonable straight bestfit ine added to Figure 11 (or v'=0); reject line.
drawn through origin (vertical intercept should be between 1mm and 4mm
above the origin 1

correct substitution into gradient calculation using A/ 20 cm v

(only accept y/x method i line is forced through the origin)

resistance per metre in range 1.15 x 10° Q(m™) to 1.25 x 10° Q(m™)
[12x10° O(m™)] v

3| @

Rl

use of - l:p - %] (rearranged to give

Ly,
2

wbsnmmnofA:wxl[mgweR— L )/

I wxt

measure wwith a ruler [(venier) callipers or travelling microscope] ¥ (reject
micrometer)

two sensible procedures with technique explained, eg

repeat at different positions (reject different sides of strip) and calculate an
average result for w [detect and/or reject anomalous readings] v

use a protractor or set-square to ensure ruler is perpendicular to edge of strip
[use jaws of verier callipers to ensure measurement is perpendicular to
edge of strip]

view from directly above [condone at eye level] to avoid parallax error v

MAX 2

Total

13
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(©)i)

0.5mm (must be a valid unit with answer) v

(c)(i)

any sensible answer describing possible consequences of use of the thimble
e.g., can cause the object being measured to be distorted, crushed or wite;
the frame of the micrometer might become warped or damage might occur to
the screw thread mechanism; may lead to the reading shown being smaller
than true value v

(reject might change the reading’ / ‘affect results', ‘cause reading below
zero’, ‘could lead to systematic error’ or bland ‘over-tighten’; ignore
explanations that refer to closing the micrometer using the ratchet)

()i}

(close jaws of micrometer using ratchet and) check for zero error v~

(if the exact phrase is not used, allow a valid description of how this would be
done, e.g. ‘close the jaws and check the reading shown is zero'; reject
‘measure an object of known thickness and compare’ or ‘compare with
reading produced by another instrument)

(€)iv)

repeat reading at different point(s) [different orientations] on wire and
calculate an average value for d [repeat reading at different point(s) on wire
‘and check for any anomalous reading / ensure the resuits were consistent] v
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(@)

both intemal rays correctly shown v

(a)ii)

two relevant angles marked (or 0/2) between a suitable ruled normal and the
directions of the incident (or either emergent) ray in Figure 9, and the
direction of a correct intemal ray; the angles must be clearly distinuished by
appropriate labels, e.g. &, 8, (see below) ;v

A Lo
\P AN

; no ecf for non-relevant angles or if a freehand

sing,

n calculated from

siné,
normal is drawn but allow this mark for an imperfect’ ruled normal ,v

* a suitable normal is defined as follows:
the normal where the incident ray reaches the block must reach the diameter
by < 2mm from its intersection with PQ;

the normal to the diameter must be parallel to PQ (by eye); i in doubt,
extrapolate so normal is same length as PQ then check distance from each
end of normal to points P and Q (max discrepancy 1mm)

the normal where the ray emerges from the curved face must reach the
diameter by < 1 mm from s intersection with PQ)

*an imperfect normal is defined as follows:

the normal where the incident ray reaches the block must reach the diameter
by < 5mm from its intersection with PQ;

the normal to the diameter must be parallel to PQ (by eye); i in doubt,
extrapolate so normal is same length as PQ then check distance from each
end of normal to points P and Q (max discrepancy 2mm)

the normal where the ray emerges from the curved face must reach the
diameter by < 2mm from its intersection with PQ)

(b)

(angular) measurement made in Section A Part 1 method is (much) larger
than (smaller) measurement(s) made in altemative method

s0 percentage uncertainty (in measurement of the angle 6, and hence in the
resultfor n) is smaller
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(@)

methods involving 2 suitable linear measurements can eam 2 marks;
measure distance x; between point at which incident ray enters the prism
and bottom left comer [or apex] and distance x; between point at which
emergent ray leaves the prism and bottom right comer [or apex]

check these distances are equal (and if not, adjust position of block untilthis
is the case) v’

[extrapolate incident and emergent rays to the extrapolated baseline of the
prism and measure these distance to the left and right apexes 1v; check
these distances are equal ;v

extrapolate intenal ray and the baseline of the prism on both sides then
measure the perpendicular distance between (well-separated) points on
these two lines 1+ check these distances are equal ]

[weaker method can eam 1 mark
measure perpendicular distance x; between point at which incident ray
enters the prism and base of prism, and the corresponding perpendicular
distance x; between point at which incident ray leaves the prism and base of
prism; check these distances are equal 2]

[methods involving 2 suitable angular measurements can eam 1 mark
measure angle 6, between incident ray and face of prism and angle &,
between emergent ray and face of prism (must be equivalent angles); check
these angles are equal ;v

measure angle between incident ray and normal to prism, and between
emergent ray and normal to prism; check these are equal 12+’

extrapolate emergent ray and measure the angle between this and incident
ray; check this is equal to angle of deviation 12+’

measure angle between intemal ray and face of prism at both sides and
check these angles are equal 1]

[other novel methods can eam 2 marks, e.g. use of two set-squares,

position a set-square with a shorter edge aligned with the base of the prism;
place another set-square in contact with the first then slide this in the manner

A
— ANK

—p 7

check the alignment of a relevant edge (which must be parallel with the base
of the prism) against the direction of the internal ray >+
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(b) | percentage uncertainty in &= %XWJO =5% v
©) | n=v3sin [%)uos(%s] =151[1.509] v
n:@?sun[£]+m(£) =155 [1.5541f () = 1.509] ¥
©G) N 2
Sffor (c) must be consistent and appropriate .e. both to 3sf or both to 4sf or
deduct 1 mark
uncertainty in 1 = Y% range (or 0/2); same dp as for (c)(i) and (c)) (or deduct
mark unless already deducted for inconsistent sf for () and (i) 1+
percentage uncertainty in n = Wx 10027
(allow ecf for wrong min or max ; tolerate 4 sf f this rounds to 3 sf value
Shown in bottom row below, but reject 2 1)
5sf 4sf 35t 25
(o)) (©)Gi) minn 15004 1509 151 15
©) | maxn 15543 1554 | 155 16
00225
A | iowaoey | 0022 | 002 | alow00s
(e)iii)
% 1.47(%) 327(%)
uncertainty | [allow4sf | 500 | 1310 | igwa sy
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(a)

6 points plotted correctly to 1mm_(check one, including any anomalous
points); smooth curve to 2mm of all 6 points, of decreasing negative gradient
drawn up to n = 20 this mark is deducted if any point is poorly marked or if
the line is poorly marked (don't deduct here for poorly marked points or fine if
deduction has already been made in Task 1 or in Task 2) v

value of Vapread off correctly, in range 0.3(0) to 0.4(0) (V); allow 1 f v

(b)

P= Pra when n=5.75t0 5.85 (accept evidence of valid read off in working;
withhold mark if unit supplied)

e

l:wcdnng to this effect, eg

S 8
ro22 22 22 22 22 22 88
[read off Pr from Figure 14 (expect to see161 mW);

evidence from line drawn from n axis to curve then line drawn to V axis, that
2
Vread off from Figure 13 for P= P, (should get 0.78 V); r:%when p=

Prac2’]
rin range 370Q t0 3.89Q or 3.80 [(don't penalise for excessife s0s¥’

11,111 (n=5) E]
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(@)

connect aresistor of known resistance (between X and Y) 1+ or o= 3v'=0
‘mark [record] on the scale (the position of the needle for) this (resistance)
value; (don't give credit for simply marking 0 € or o ©) ¥ or 5v'=0

repeat for different resistors (that cover the whole range of the needie
movement) ;v

[readirecord scale reading [current] (for resistor of known resistance) »¥;
plot a (calibration) graph (of resistance against scale reading [current]) ]

(a)i)

no change in the (resistance) reading v

(resistance) reading is increased [needle moves further to left] (ignore:
reference to current unless this conflicts with statement about how resistance
reading changes) v

(b))

difficult to interpolate [estimate the resistance when the needle falls between
(any) marked graduations] (ignore difficult to read larger resistances) ;v
states that the scale is non-linear

[values / numbers / markings / graduations / divisions are not evenly-spaced /
do not go up by same factor / increase at changing rate;

intervals / increments / steps are not the same / even / regular / constant
difference/distance between values / markings / graduations | intervals /
divisions changes [can use example from Figure 17 to illustrate this;

same distance on scale does not represent the same change in yalue /
reading (as resistance changes)]

(reject scale does not go up at regular intervals / scale does not up by same
factor / is not even / doesn't go up at a normal rate / is different in different
places / goes backwards) ¥

(b))

idea that should view scale so that needle hides [lines up with] it reflection
[reflection of needle is hidden when viewed from directly above the needle] v
eliminates [avoids/reduces] parallax (error) [ensures that the scale is viewed
normally / view is perpendicular to scale] (reject ‘cannot see reflection’)

(b))

uncertainty increases as the resistance increases [uncertainty decreases as
resistance decreases] (ignore reference to error or to accuracy) ¥’





