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2
Section A
Answer all questions in this section.
1 In this experiment, you will determine an accurate value for the mass of a 30cm plastic ruler.

You have been provided with

a 30cm plastic ruler with a mm scale,

e a10g mass,

e apivot (knife-edge).

(@) Fig. 1.1 shows a 30cm ruler of total length L.
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| |
| L |
Fig. 1.1

At one end of the ruler there is a ‘dead space’ of length d, before the 0.0cm mark and at the
other end there is a ‘dead space’ of length d, after the 30.0cm mark.

(i) Place the ruler provided on Fig. 1.2.

0.0cm

edge C

Fig. 1.2

Align the 0.0cm mark and edge C of the ruler with the lines in the diagram. Draw a line
on Fig. 1.2 to mark the position of end A of the ruler. Using Fig. 1.2, measure d,.

(ii) Using Fig. 1.3, repeat (a)(i) with end B and measure d,.

30.0cm

edge C

Fig. 1.3
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3

(iii) Calculate the total length L of the ruler.

(b) (i) Place the ruler on the pivot. Move the position of the ruler until it balances horizontally.
Record the scale reading S, shown on the ruler at the position of the pivot.

(ii) Place the 10g mass so that its outer edge is at the 30.0cm mark on the ruler. Record the
scale reading S, shown on the ruler at the position of the centre of the 10g mass.

(iii) With the 10g mass position in (b)(ii), place the ruler on the pivot and move the position
of the ruler until it balances horizontally. The arrangement is shown in Fig. 1.4.

S X Sla y ~|92
|
plastic ruler ; ; g 10
g mass
| L =
bench }X&
pivot
Fig. 1.4

Record the scale reading S; shown on the ruler at the pivot.

X S ettt a e e e e
Y S et aaeeean
[2]
. 10y
(c) Calculate the mass M of the ruler using M = —~
M= g [1]
[Total: 5]
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2 In this experiment, you will investigate the oscillations of a metre rule with added masses.

You have been provided with

an optical pin in a cork,

two 100 g masses,
Blu-tack,
a stopwatch.

a stand, boss and clamp to hold the cork,

a metre rule with a hole at the 10.0cm mark,

(@) The Supervisor has set up the apparatus as shown in Fig. 2.1.

clamp

boss

stand

cork

bench

Fig. 2.1

n_— metre rule

H\pin

Remove the metre rule from the pin. Use the Blu-tack to attach the masses to the rule, at the
100cm end. The masses should be attached on each side of the rule and the edge of the
masses should be level with the 100cm mark. A front view of the arrangement is shown in
Fig. 2.2 and a side view in Fig. 2.3. Press the masses firmly to the rule.

Determine the distance d1 from the centre of the hole at the 10.0cm mark to the centre of the

masses.

bottom part

of metre rule

slotted mass

100 cm mark

Fig. 2.2 (front view)
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5

(b) Replace the metre rule on the pin using the hole at the 10 cm mark. When the rule is displaced
a small distance to the left and released, it moves to the right and then back to the left. This is
one complete oscillation as shown in Fig. 2.4.

extreme rule positions

1 complete oscillation

Fig. 2.4

(i) The time for 10 complete oscillations is t,. Take measurements to determine an accurate
value of t,.
1

(ii) Calculate the time T, for one complete oscillation. Give your answer to a suitable number
of significant figures.

(c) Remove the metre rule from the pin. Move the masses so that they are each side of the rule
with their bottom edges at the 50.0cm mark. Replace the metre rule on the pin using the hole

at the 10.0cm mark.

(i) The time for 10 complete oscillations is t,. Take measurements to determine an accurate
value of t,.
2

T = e 1]
[Total: 5]
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3 In this experiment, you will investigate an effect of the refraction of light using water.
You are provided with

a glass beaker,

a supply of water,

a block with a white face,

an optical pin in a cork,

a stand, boss and clamp to hold the optics pin,
a half-metre rule,

a set square,

paper towels to mop up spillages.

(a) The beaker has a horizontal line, labelled M, near the top. Using the half-metre rule, determine
an average value for the internal distance h from the base of the beaker to line M.

(b) Place the empty beaker on top of the white face of the block. Fill the beaker to the line M with
water. Clamp the optical pin horizontally close to line M as shown in Fig. 3.1. Turn the beaker
so that the line on the base of the beaker is aligned with the optical pin as shown in Fig. 3.2.

pin in cork /Zfsnsd
beaker < .
water\\ clamp
block —__| pin in cork
| | line M
line on base of
front edge beaker
of bench A B
—block
front edge of bench
Fig. 3.1 Fig. 3.2
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7
(c) View the arrangement from vertically above. Move your head from side to side in a direction
along a line between A and B. Observe what happens to the alignment of the pin and the line
drawn on the base of the beaker. Draw and label diagrams of what you see, at A, at a point
directly above the line on the beaker and at B.

atA directly above atB
the line

(2]

(d) Lower the pin until the pin and the line on the bottom of the beaker stay in line as you move
your head from side to side along AB.

Determine an average value for the vertical distance dfrom the pin to the surface of the water.

O = s [1]
(e) Calculate g
h
T s 1]
[Total: 5]
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Section B
4  In this experiment, you will investigate an electrical circuit.
You have been provided with an incomplete circuit consisting of
a power supply,
a switch,
an unknown resistor labelled X,

a voltmeter,
connecting leads.

Two points in the circuit have been labelled A and B. Fig. 4.1 shows the arrangement of the
components in the incomplete circuit.

power supply X

——o o —

(V)
Y

Fig. 4.1
You have also been provided with

e additional connecting leads,
° three resistors labelled with the values of their resistance.

(a) Without changing the circuit, close the switch and record the reading V|, on the voltmeter.

(b) Open the switch. Connect the resistor of resistance R = 10Q between points A and B.

(i) Close the switch and record the reading V on the voltmeter.

V= [1]
(ii) Open the switch. Calculate the current I in the circuit using I = ‘—Fg
I = e [1]
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(c) Each time you take a reading on the voltmeter, close the switch and open it after you have
taken your reading.

(i)

(ii)

(iif)

(iv)

v)

Fig. 4.2 is a table for your results and calculations. Add units to the headings in the table.
Transfer your values for R, V and I from (b) into the table.

Remove the 10Q resistor from the circuit and replace it with the 22 Q resistor. Record
the new reading V in Fig. 4.2. Calculate the new current I in the circuit and record it in
Fig. 4.2 along with the resistance R used.

Replace the 22 Q resistor with the 39 Q resistor and obtain new values for Vand I. Record
these in Fig. 4.2 along with the resistance R used.

Remove the 39 Q resistor.
For two resistors in series Rtotal = R1 + Rz.

Calculate three possible values of resistance that can be obtained by connecting the
10Q, the 22Q and the 39 Q resistors in series. Record these values in Fig. 4.2. For each
of your values, obtain values for V and I and record these in Fig. 4.2.

1 1 1

=—+—.

total R1 RZ

Calculate the resistance of the 10Q and 22Q resistors when they are connected in
parallel and record your value in Fig. 4.2. For this parallel combination, obtain values of V

and I and record your values in Fig. 4.2.

For two resistors in parallel

R v I

Fig. 4.2 5]

(d) Using the grid opposite, plot a graph of V on the y-axis against I on the x-axis. Start your axes
at the origin. Draw a straight line of best fit. (4]
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(e) (i) Determine the gradient G of the line of best fit. Show your working.

(ii) Use your graph to find the value of Vat I =0.

[Total: 15]
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