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You may not need to use all of the materials provided.
In this experiment, you will investigate the equilibrium of a wooden rod supported by a spring.

(@) (i) Before assembling the apparatus, measure and record the length C_ of the coiled section

of the spring, as shown in Fig. 1.1.
/' C .
‘\0\ string loop

spring
string

(ii) = Assemble the apparatus as shown in Fig. 1.2 with each nail held securely in a boss.

] ___—stand
upper nail>l?\ |
boss N string
clamp string loop
holding
split cork
bosses spring wooden rod
grooves
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lower nail I X '
[ |
bench
Fig. 1.2

*  Adjust the bosses until the upper nail is approximately 35cm above the bench and
the lower nail is approximately 10 cm above the bench.

*  Position the string loop in one of the grooves near the middle of the rod.

* Adjust the free end of the string so that the rod is parallel to the bench and then
secure it in the split cork.
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*  Measure and record the length C of the coiled section of the spring, as shown in

Fig. 1.2.
C oo e, cm
. Calculate E, where E= C - C,.
E o o cm
[1]

(iii) The distance from the centre of the lower nail to the groove with the string loop in it is x.
Measure and record x.
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(b) Move the string loop into another groove and adjust the apparatus so that the rod is parallel
to the bench.
Measure C and x.

Repeat until you have at least six sets of values of C and x.

1
Record your results in a table. Include values of E and E4 in your table.

[9]
1 : : :

c) (i ot a graph of = on the y-axis against x on the x-axis.
(c) (i) Plot h fE th t th [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.

gradient = ...
Y-INtercept = oo
[2]
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(d) Itis suggested that the quantities E and x are related by the equation

1

E=ax+b

where a and b are constants.

Use your answers in (c)(iii) to determine the values of a and b.
Give appropriate units.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the speed of air flowing through a hole.

(@) = You are provided with a plastic bottle with the base cut off. The neck is sealed with a
polythene sheet. Two lines are marked on the side of the bottle, as shown in Fig. 2.1.

polythene sheet

rubber band

/upper line

———J1—lower line

bottle /

Fig. 2.1

The distance between the lines is L, and the diameter of the bottle where the lines are
marked is D, as shown in Fig. 2.2.

D
Fig. 2.2
J Measure and record L and D.
L T cm
D = s cm
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(b) (i) You have been provided with a pin and a thin nail.
*  Make a hole through the polythene sheet using the pin, as shown in Fig. 2.3.

make hole here

pin

Fig. 2.3

*  Measure and record the diameter d of the pin.

(ii) Estimate the percentage uncertainty in your value of d.
Show your working.

percentage uncertainty = .........ccceeiiiiiiiiii
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(c) = Submerge the bottle in the bowl so that it is completely filled with water.

Tilt the bottle until it is vertical with its lower end approximately 1cm below the water
level in the bowl, as shown in Fig. 2.4.

upperline— |

bow! lower line— |

water\

N v A

_f ~1cm

- )

Fig. 2.4

J The water level in the bottle will fall.

Start the stopwatch when the water level reaches the upper line, and stop the stopwatch
when the water level reaches the lower line.

Record the time f shown on the stopwatch.

© UCLES 2021 9702/33/F/M/21 [Turn over



10
(d) = Remove the bottle from the bowl.
e Push the nail through the pin-hole in the polythene to make the hole larger.

. Measure and record the diameter d of the nail.

O T cm
*  Repeat (c).
S e
[2]
(e) Itis suggested that the relationship between t and d is
-k
t= 42

where k is a constant.

(i) Using your data, calculate two values of k.

firstvalue of k= ...
second value Of K = ..o
[1]
(ii) Justify the number of significant figures you have given for your second value of k.
..................................................................................................................................... [1]
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(iii) Explain whether your results support the suggested relationship.

..................................................................................................................................... [1]
(f) The speed S of the air passing through a hole is given by
D?L
S= R
Calculate S using your second value of k.
S T [1]
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(g) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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