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

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

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

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

G =  ...................................................................

1 (a) (ii) Read and record the vertical intercept from your graph.

vertical intercept  =  ....................................................
(3 marks)

1 (b) A student claims that an analogy can be made between the experiment in which light is
absorbed by the ink solution and an experiment in which ionising radiation is absorbed
by different thicknesses of metal plates.
Using the analogy, she suggests that the output voltage of the solar cell, V, is given by

V =  Pe–λQ,

where P and λ are constants.

1 (b) (i) If the student’s analogy is correct, describe the form that a graph of ln(V / mV)
against Q should take and explain how the values of P and λ may be deduced
from the graph.

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

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

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

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

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

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

Section  B

Answer all the questions in the spaces provided.

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.
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1 (b) (ii) 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 (a) (i) Describe one difficulty you experienced when measuring the volume of the ink
solution.

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

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

2 (a) (ii) Explain one precaution you took to reduce the uncertainty when measuring the
volume of ink solution in the measuring cylinders.
You may wish to use a sketch to illustrate your answer.

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

...................................................................................................................................
(2 marks)

2 (b) Having transferred between 90ml and 100 ml of ink solution to the beaker, students A
and B did not follow the instructions about which measuring cylinders they should
then use.
Student A used only the larger measuring cylinder (capacity 100 ml, 1 ml graduations).
Student B used only the smaller measuring cylinder (capacity 25 ml, 0.5 ml
graduations).

2 (b) (i) Give a disadvantage of the procedure followed by student A.

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

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

2 (b) (ii) Give a disadvantage of the procedure followed by student B.

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

...................................................................................................................................
(2 marks)
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There are no questions printed on this page
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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

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 N0.5, the value of N
equivalent to the half-value thickness of the glass.

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

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

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

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

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

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

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

.............................................................................................................................................
(3 marks)
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3 (b) To determine the half-value thickness of the glass in mm, the student needs to make
one additional measurement.

3 (b) (i) Identify the measurement the student needs to make and explain how this is used
to determine the half-value thickness of the glass.

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

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

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

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

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

3 (b) (ii) Identify one procedure that can be used to reduce the effect of random errors
when making the measurement.

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

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

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

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

3 (b) (iii) Identify one procedure that can be used to detect, and hence correct, for possible
systematic errors in the measurements made with the micrometer screw gauge.

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

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

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

...................................................................................................................................
(3 marks)
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4 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, R0, 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, R1.
Finally, she places the photograph on top of the slides, refocuses the microscope, and records
the new reading R2.

The sequence of operations is illustrated in Figure 6.

Figure 6

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

Do not write
outside the

box

R0 / mm R1 / mm R2 / mm

2.74 7.31 17.02

eyepiece of travelling
microscope

fixed scale

vernier scale

scrap of newspaper
showing photograph

microscope reading
          = R0

stack of 12 glass
slides placed over the
scrap of newspaper

microscope reading
          = R1

scrap of newspaper
placed over the stack
of 12 glass slides

microscope reading
          = R2
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4 (a) Assuming that the slides have identical dimensions, use the readings to determine the
thickness of one glass microscope slide.

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

.............................................................................................................................................
(1 mark)

4 (b) Determine n, the refractive index of the glass, given by n =              .

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

.............................................................................................................................................
(1 mark)

4 (c) The uncertainty in each of the readings R0, R1 and R2, is 0.04 mm.

4 (c) (i) State the uncertainty in R2 – R0.

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

4 (c) (ii) State the uncertainty in R2 – R1.

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

4 (c) (iii) Hence calculate the percentage uncertainty in n.

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

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

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

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

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

...................................................................................................................................
(3 marks)

END  OF  SECTION  B
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