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Section A

In this experiment, you will investigate energy transfers.
You are provided with:

o aretort stand with two bosses and a clamp
a pulley

e a spring with a length of string tied to each end; one long piece and one shorter
piece

e aload

e a card stating the values of the spring constant k and the weight W of the load

¢ a half-metre rule.

Set up the apparatus as shown in Fig. 1.1.
boss
pulley

spring

rod of a clamp Ih
held by a boss NG

Fig. 1.1

Mount the pulley with its centre at a height of 40.0 cm above the base of the retort
stand.

Tie the longer string to the load, and tie the shorter string to the rod at the base of the
retort stand.

Adjust the lengths of the strings such that the spring is unstretched, the bottom of the
load is resting on the base of the retort stand, and there is no slack in the strings.

Then adjust the height of the boss at the top of the retort stand such that the spring

becomes stretched, and the bottom of the load is 3.0 cm above the base of the retort
stand.
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(@) (i) Measure and record in metres:

¢ the length /4 of the stretched spring,

e the height hy of the bottom of the load above the base of the retort
stand.

N = m [1]

(ii) Use your hand to lift the load until the extension of the spring just becomes
zero.

Measure and record in metres:

¢ the length » of the unstretched spring,

¢ the new height h, of the bottom of the load above the base of the retort
stand.

P2 = m [2]

(b) The values of the spring constant k of the spring and the weight W of the load
are recorded on the piece of card.

(i) Calculate the decrease in the energy stored in the elastic potential store of
the spring using the equation

Eep= 0.5 k (I1 - 12)?

(ii) Calculate the increase in the energy stored in the gravitational potential
store of the load using the equation

Egp = W(h2 - h1)
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(d)
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When the load moves down to its original position, energy is transferred from the
Ego store to the Eg, store.

Calculate the value of —.
Egp

T T [1]
Egp
Two students perform the experiment using identical springs and loads. The
apparatus is arranged in an identical way. Both students measure / and h
accurately.
. Eep
The students calculate different values of —.
Egp
State two significant sources of error in this experiment.
Suggest one improvement that could be made to the experiment to address one
of these sources of error.
10 o7 o ) =y o) Lt
Y0 10 07T ) =T 4 o]
0] 0] (1= 0 0= o |
......................................................................................................... [3]

[Total: 10]
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In this experiment, you will investigate the focal length of a combination of lenses.
You are provided with:

a pair of converging lenses mounted on a block
a torch

a screen

a retort stand, boss and clamp

a 50 cm rule.

Set up the apparatus as shown in Fig. 2.1.
There is a card with a triangular hole mounted on the front of the torch.
Use the retort stand, boss and clamp to hold the torch level with the centre of the

lenses. Place the torch so that the triangle is at the 0.0 cm mark on the 50 cm rule.
Switch on the torch.

adhesive putty screen
lenses
torch
block 50 cm rule
[ u I 1%
Fig. 2.1

Place the centre of the combination of lenses at u = 15.0 cm and move the screen
until a focused image of the triangle is formed on the screen. The distance v is
measured between the centre of the combination of lenses and the screen where the
image is focused.

(a) Describe the steps used to ensure a focused image of the triangle forms on the
screen when the screen is in the correct position.
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(b) Determine an accurate value for the distance v.

V T [2]
(c) A student learns the lens formula, given by
11,1
o ou v’

where fis the focal length of the combination of lenses, u is the object distance
and v is the image distance.

She suggested an alternative formula, given by

uv="F(u+v).

(i) Prove that the student’s alternative formula is correct. [1]
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(ii) Plan an experiment to determine the focal length of the combination of
lenses using the alternative formula.

In your plan, you should:
describe briefly how to do the experiment accurately

e draw a table, with column headings, to show how to display the range
of readings

o sketch the graph that you would obtain

e explain how to determine the focal length of the combination of lenses
if the student’s alternative formula is correct.

[Total: 10]
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Section B

In this experiment, you will investigate the specific heat capacity of brass.
You are provided with:

a source of tap water,

a measuring cylinder,

a polystyrene foam cup,

a retort stand with a boss and a clamp,

a thermometer,

a plastic stirrer and

two 100 g brass slotted mass with a loop of string immersed in an ice-water bath.

Set up the apparatus as shown in Fig. 3.1.

Eﬂ il

thermometer

retort stand

\ / polystyrene foam
/ cup
\ ' / water

Fig. 3.1

(@) (i) Use the measuring cylinder to collect 60.0 m/ of tap water.
Measure and record the volume V of the tap water.

Pour the tap water into the polystyrene foam cup.
Measure and record the temperature Twarm of the tap water.

Vo= e, [1]

(ii)  Given that the density of water is 1.0 g m/”", calculate the mass my of the
tap water.

MW= e, [1]
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(b) The temperature of the ice-water bath, which is also the temperature Tcorq Of the
brass slotted masses in it, is 0°C.
Ensure that there is always ice in the ice-water bath by adding more ice
(available at teachers’ bench) when needed.

Collect one 100 g brass slotted mass by its loop of string .
Ensure that there is no ice nor water on the brass slotted mass.

Fully submerge the brass slotted mass into the tap water in the polystyrene foam
cup. Ensure that the mass does not touch the sides of the cup by holding on to
the loop of string.

Stir the water in the cup with a plastic stirrer.

Measure and record the lowest temperature Trinar Of the water.

Tﬁnal L [1 ]

(c) Record your values of V, mw and Tfina in a table.

1 1
Include columns for — and
my final

For values of V from 60.0 ml to 110.0 ml, determine the corresponding values of

1 1
My, Tfinal, — and .
mw Trinai

Ensure that the initial temperature of the brass slotted mass used for each
value of V is at 0°C by using the two brass slotted masses alternately.

Record all of your measurements and calculations in your table. [3]

(d) (i) Using the grid provided, plot a graph of : against mi

Tfinal w

Draw the line of best fit. [4]
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(ii) Determine the gradient G of the line of best fit.

(iii) Itis suggested that
G = Cp Xmp

H
cw X Twarm

where mp is the mass of the brass slotted mass,
Cp is the specific heat capacity of brass and
Cw is the specific heat capacity of water.

Given that the specific heat capacity of water cw is 4.2 J (g °C)", calculate
the specific heat capacity of brass Cp.

(iv) Determine the y-intercept Y of the line of best fit.

It is also suggested that
1

Y =

TW(le

State whether your values of Y and Twam in (@) support this suggestion.
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Describe one source of error.
Suggest one improvement to reduce this error.

source of error

End of paper
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