Unit 6 — Year 13

Practice EMPA with model data provided.

Name

This is a past question paper of
Section A Task 1 (Question 2 only)

» You will be shown the equipment used and provided with an example set of results. You
should then be able to complete this question independently. The graph you draw in this
question is not referred to again.

Section A Task 2 (Question 1)

e You will be shown the equipment used and provided with an example set of results. You
should then be able to complete this question independently. The graph you draw in this
question is then required for the Section B written section.
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2 You are to measure the output voltage of a solar cell as the intensity of light incident on it is
varied by passing the light through two identical polarising filters.
The general arrangement and method of assembly is shown in top and side view in Figure 3.

Figure 3
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Filter F1 has been taped to the surface of the solar cell that is sensitive to light.
The cell has been mounted on a box which has been fixed to the bench.
A cylindrical tube has been placed around this arrangement to shield it from unwanted light.

Place the circular scale centrally on top of the cylindrical tube with the printed side
uppermost and fix this to the tube using Blu-Tack.

Position the clamped light source so that the lamp is directly above the hole in the circular
scale.
Do not adjust the height of the lamp or the output voltage of the power supply.

The filter F2 has been mounted between two pieces of circular card.

2 (a) (i) Position this card centrally on the circular scale so that 8, the direction of the
arrow = 0°. Switch on the lamp then read and record the voltmeter reading V.

..............................................................

Question 2 continues on the next page
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2 (a)

(n)

Keeping the card centrally on the scale, increase fin 20° steps to obtain further
values of V to complete the table. ,
Switch off the lamp once you have completed these measurements.

e/° | v/mv [ 8/°| V/mV |06/°| V/mV

20 | 232 | 140 | 21.8 |260| 152

40 | 204 | 160 | 242 [280 | 158

60 | 160 | 180 240 | 300] 183

80 15,0 | 200 | 23.4 [320]| 22.0

100 | 15.6 220 20.6 | 340 | 24.4

120 | 181 | 240 | 171 | 360 25.1

(J mark)

2 (b) Addmg a sultable scale to the vertlcal axis, plot on the gnd on page 9 a graph of your
results from part (a)(u)

2 :‘(C)

2w

2 (0

0

(i),

(2 marks)

Read from your graph and record below V and Vm,,,, the maximum and o
mmlmum Values of V.. ‘ -

Identify and explaln from your graph any Value of @ for Wh]Ch the expenmental
arrangement is most sensitive to changes in 6. ‘
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2 (d) Astudent performs the experiment but fails to keep the edge of the card containing the
 filter F2 centrally on the circular scale. :

2 (d) (@) State and explain the effect this may have on the readings of V.




Section A Part 2
Follow the instructions given below.
Answer all the questions in the spaces provided.

No description of the experiment is required.

1 In this experiment you are to investigate the-absorption of light as it passes through a
solution of ink. The apparatus you will use is shown in Figure 4.

Figure 4
3 .
/ tube of black paper
s beaker »
. cylindrical tube
solar cell
fixed to bench

The solar cell and the cylindriCal tube have been taped to the bench.
Do not remove the beaker or the tube of black paper from within the cylindrical tube.

Position the clamped lamp so that it is coaxial with the beaker.
Do not adjust the height of the lamp or the output voltage of the power supply.

The output voltage of the solar cell is shown on the digital voltmeter.
Do not change the range setting of the voltmeter.

Switch on the lamp and monitor the voltmeter reading over a short interval of time,
eg 20 seconds, so that either the reading reaches a steady value or so you can determine the

range, and hence the mean value, V,, of the reading.

1 (a) Read andrecord V.

(1 mark)
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1 (b) You are provided with approxmately 500ml of a solutlon of ink and two measurmg
-~ cylinders of different capacity and resolution.
You are to record the voltmeter reading, V, ds the volume of ink solution in the

L beaker, Q, is va.ued

E -

‘ 1 (b) @) Transfer between 90ml and 100 m] of the solutlon to the Iarger measurmg
- cylinder. ..~ .

‘Note the volume of the SOhlthll in thrs measm:mg cy]mder before carefully

' * pouring th1s into the beaker. ‘ ~ Ty

& Record Q ‘the Volume of the soiuhon in the beaker
Read and record the (mean) voltmeter. readmg, V.

1 (b) (ii) Transfer between 20ml and 25 ml of the solutlon to the smaller measuring
cylinder.
Note the volume of the solution in the measuring cylinder before carefu]ly
pouring this into the beaker.
, Record Q, the new volume of the solution in the beaker then read and record the
co R, - eorresponding (mean) voltmeter reading, V. - -+ - S R
‘ o Increase Q in mcreme f between 20. ml and 25 ml recordmg the voltmeter : 7 K
,,,readmg, v, at each s g; ntil' Qis about 200 [ TR o

1 () (i) Transfer between 40ml and 70 ml of the solutlon to the larger measm‘mg :
cylinder. - N
“Note the volume of the solut1on in’ thrs measurmg cy]mder before carefully R
pouring this into the beaker e :
- Record O and V then contmue mcreasmg Q in mcrements of between 40m1 and TN
- 70mil, measuring the voltmeter readmg, V, at each stage s until a]l the solutlon has Al
ebeen transferred to the beaker ‘

You should record all the datav Squiir

4 mpltpart (8 of tis question on pag

. Question 1 continues on the next page




Measurements and observations.

sample data -

insert correct 0 375
headings 95 348
117 338

140 334

162 329

186 324

200 319

260 305

320 290

380 279

440 263

500 251

seoarete FOLPL\ ?"‘—?e—f‘

1 (c) Plot,on u, a graph with In(V/mV) on the vertical axis and O on the

horizontal axis. You should draw a straight line of best fit through the plotted points.
Record below the data you will plot on your graph.

END OF SECTION A PART 2

(6 marks)

(9 marks)
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L Sectlon B
Answer all the questlons n the spaces provrded
The time allowed is 1 hour 15 minutes.
You will need to refer to the work you did in Section A Part 2 when answering these questions.

1 (&) () Determine the gradient, G, of your graph of ln(V/ mV) against Q.

1 (a) (u) Read and record the Vertlcal mtercept from your graph

‘ Vertrcalmtercept T TR NI SN I .

1 (b) A student claims that an analogy can be made between the experiment in which light is o

= absorbed by the ink solutron and an expenment in Wthh 1omsmg radlatlon is absorbed R
by different thicknesses of metal plates.

3 Usmg the analogy, she suggests that the output voltage of the solar cell V 1s glven by

V P

o ‘where P and A are ‘constants




1 (b) (i) Explain whether the qualitative and quantitative evidence obtained from your
graph confirms the student’s analogy.
(6 marks)
Turn over for the next question
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2 @ (i) . Describe one difficulty you expenenced when measunng the volume of the ink

solution.

(ii) Explain one precautlon you took to reduce the. uncertamty when i measunng the
volume of ink solution in the measuring cylinders. ;
You may wish to use a sketch to illustrate your answer. -

Having transferred between 90ml and 100ml of ink solution to the beaker, students A
and B did not follow the mstructlons about which measuring cy]mders they should
then use.

ntA used only the larger measurmg cylmder (capacnty 100 ml 1 ml graduatlons) -




3 A student adapts the experiment to investigate how light is absorbed by glass.
The student uses a varying number of glass microscope slides (up to a maximum of
20 slides) placed in a single stack on top of the solar cell to produce different thicknesses
of the glass.

The student plots a graph of his results, as shown in Figure 5.
Note that N = number of glass microscope slides placed on top of the solar cell.

Figure 5
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Assuming that the output voltage of the solar cell is directly proportional to the light
intensity incident upon it, the student intends to determine the half-value thickness of glass,
ie the thickness of glass that would reduce the output voltage by half.

3 (a) Use the information provided in the student’s graph to calculate Nys, the value of N
equivalent to the half-value thickness of the glass.

.............................................................................................................................................
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(3 marks)
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3 (b To determine the half-value thlckness of the glass in mm,; the student needs to make

3 (b) (1) Identify the measurement the student needs to make and explain how this is used

one additional measurement. - Coed

to determine the half-value thickness of the glass.

The student uses a mlcrometer screw gauge to make the additional measurement.

(i) Identlfy one procedure that can be used to reduce the effect of random errors
When maklng the measurement o :




The student uses a travelling microscope to learn more about the properties of the glass
slides.

The eyepiece of the microscope is arranged to move vertically up or down above a scrap of
newspaper showing a photograph.

The photograph is composed of dots which are only clearly visible when viewed through the
microscope. By adjusting the position of the microscope the student brings the dots into
focus and then reads the position of the microscope, Ry, using the vernier scale.

The student then places a stack of 12 slides over the photograph and refocuses the
microscope. She records the new reading, R,.

Finally, she places the photograph on top of the slides, refocuses the microscope, and records
the new reading R,.

The sequence of operations is illustrated in Figure 6.

Figure 6
eyepiece of travelling

microscope \

fixed scale

vernier scale

scrap of newspaper stack of 12 glass scrap of newspaper
showing photograph slides placed over the  placed over the stack
scrap of newspaper of 12 glass slides
microscope reading microscope reading microscope reading
= RO = Rl = Rz

The readings made by the student are shown in the table below.

R,/ mm R,/mm R,/mm

2.714 731 17.02
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4 (a)- Assummg that the slides have identical dlmensmns use the readmgs to determme the

thickness of one glass mlcroscope shde

o (1 mark)
s Ry~ Rs
4 (b) -Determine n, the refractive index of the glass, given by n 2R i
9. I
(1 mark)
4 (c) The uncertamty in each of the Ieadmgs Ro, R] and R,,is0.04mm. -
(c) @ - State the uncertamty in R2 RD i
(© Gi) Stats the uncertainty in R, ~ R;.
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