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You may not need to use all of the materials provided.
1 In this experiment, you will investigate the motion of a loaded wooden strip.

(@) (i) Use the modelling clay to attach the slotted masses to the centre of the wooden
strip as shown in Fig. 1.1 and Fig. 1.2.

X
wooden strip
77\
) |
small string loop slotted mass
large string loop
springs
Fig. 1.1
slotted masses
K

modelling clay

end of wooden strip

Fig. 1.2

(ii) Measure and record the distance x between the end of the wooden strip with the
small string loop attached and the centre of the slotted masses as shown in Fig. 1.1.
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(b) (i) Set up the apparatus as shown in Fig. 1.3.

@} stand -

clip
OO
| __stand z
loop of spring
[ ] [ ]
“bench Z

Fig. 1.3
(ii) Slide the small string loop over the rod of a stand and fix it in place using a clip.

Slide the free loop of the spring down the rod of the other stand and fix it in place
using the other clip.

(iii) Adjust the apparatus until the large string loop and springs are parallel to the bench.
(iv) Use G-clamps to secure both stands to the bench.

(c) Move the right-hand end of the wooden strip downwards through a distance of
approximately 3cm. Release the wooden strip.

The wooden strip will oscillate.

Determine the period T of these oscillations.
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(d) Change x by moving the slotted masses along the wooden strip.

For each value of x, adjust the position of the clips so that the large string loop and
springs are parallel to the bench.

Repeat (a)(ii) and (c¢) until you have five sets of values of xand T.

Include values of T2 in your table.

[10]
() (i) Plota graph of T2 on the y-axis against x on the x-axis. [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]

© UCLES 2016 9702/31/M/J/16
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(f) Itis suggested that the quantities T and x are related by the equation
T2=Px+Q
where P and Q are constants.

Using your answers in (e)(iii), determine the values of P and Q.
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 motion of a container on a wooden board.

(a) Measure and record the length w of the shorter side of the wooden board, as shown in

Fig. 2.1.
|_-wooden
—| board
w
Fig. 2.1
WS oot m [1]
(b) (i) Set up the wooden board as shown in Fig. 2.2.
'/stand
boss clamp gripping shorter side of board

longer side of
wooden board

Fig. 2.2

The distance between the bottom of the board and the bench should be
approximately 15cm.

(ii) Measure and record the angle 6 as shown in Fig. 2.2.
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(iii) Estimate the percentage uncertainty in your value of 6.

percentage uncertainty = .......cccccoiiiiiiiii e [1]

(c) (i) Place the container on the wooden board as shown in Fig. 2.3.

clamp

container
lid

Fig. 2.3
The container should be aligned with the edges of the board as shown in Fig. 2.3.

(ii) Release the container. The container will follow the path shown in Fig. 2.4.

y

-="
-

Fig. 2.4
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(ili) Measure and record the distance y, as shown in Fig. 2.4.

(d) (i) Calculate D using

o m [1]
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(e) (i) Increase the angle 6.

)

(ii) Repeat (b)(ii), (c) and (d)(i).

O =
Y S ettt ara e m
D= m
[3]
It is suggested that the relationship between D and @ is
D= ksinég
where kis a constant.
(i) Using your data, calculate two values of k.
firstvalue of K= ..cooooiiiiiiccc e,
secondvalue of k= ...,
[1]

© UCLES 2016 9702/31/M/J/16




11

(i) Explain whether your results in (f)(i) support the suggested relationship.
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(9) (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.

T
D, ettt e et e e e e e et e s s s s st ees e r st
B e e e e e e e r e e
B e e e e e e e e s s s st e e e e et
............................................................................................................................... .
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You may not need to use all of the materials provided.
1 In this experiment, you will investigate the motion of a suspended card shape.
(a) Set up the apparatus as shown in Fig. 1.1.

Suspend the card from the pin held in the split cork. Ensure that the pin is parallel to the
bench. Suspend the plumb-line from the pin.

pin

card

plumb-line

bench

Fig. 1.1

(b) (i) Measure and record the angle ¢ between the edge of arm B and the plumb-line, as
shown in Fig. 1.1.

(ii) Remove the plumb-line from the pin.

(iii) Displace arm B approximately 2cm to one side and release it so that the card
oscillates.

(iv) Take measurements to find the period T of the oscillations.
Record T.

© UCLES 2016 9702/32/M/J/16
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(c) (i) Decrease the length of arm B by cutting approximately 3cm off its end.

(ii) Replace the plumb-line and repeat (b).

© UCLES 2016 9702/32/M/J/16 [Turn over
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(d) Continue to decrease the length of arm B.
For each length of arm B, repeat (b) until you have six sets of values for # and T.

You may include your values from (b) and (c).

Include values for

1
in your table.
Jtan@ y

(9]

(e) (i) Plot h of Ton th i inst ! th i [3]
e) (i ot a graph of T on the y-axis agains on the x-axis.

arap d vJtand
(ii) Draw the straight line of best fit. [1]
(iii) Determine the gradient and y-intercept of this line.

gradient = ...

yAntercept = oo

(2]

© UCLES 2016 9702/32/M/J/16
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(f) The quantities T and @ are related by the equation

T= +q

Jtand

where p and q are constants.

Use your answers from (e)(iii) to determine the values of p and q.
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 force exerted by a flow of water.
You are provided with two plastic water bottles labelled A and B, each with a hole in the base.

(@) (i) Measure and record the distance h between the two lines marked on bottle A, as

shown in Fig. 2.1.

| —Dbottle A

T ines

(b) Estimate the percentage uncertainty in your value of d.

percentage uncertainty = ..o 1]

© UCLES 2016 9702/32/M/J/16
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(c¢) (i) With the unused stand, clamp the bottle securely by its neck above the tray, as

shown in Fig. 2.2. The base of the bottle should be approximately 20cm above the
bench.

clamp

bottle ——
\

water level boss

/ 1 stand

hole
stream of water

~20cm
tray

]
o
bench

Fig. 2.2

Fill the bottle with water.
As the water flows through the hole into the tray, measure and record the time t
for the water level to fall from the upper line to the lower line.

© UCLES 2016 9702/32/M/J/16 [Turn over
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(ii) Calculate the flow rate R of the water using

(iif)

(d) (i)

_ wd*h
R= i

When the water stops flowing, empty the water from the tray into one of the jugs
provided.

Refill the bottle with water and position the stand holding the wooden strip so that
the stream of water falls on the end of the strip, as shown in Fig. 2.3.

" stand holding — ,J.l_l

“/wooden strip —— L
water level clamp
\ - boss

g

stream of water

wooden strip —

mark stand

L X e

(ii)

(iif)

(iv)

© UCLES 2016

Z

Fig. 2.3

When the water level is between the two lines on the bottle, measure and record
the height x, above the tray of the mark on the wooden strip, as shown in Fig. 2.3.

Move the bottle so that the stream of water is missing the wooden strip, and
measure and record the height x, above the tray of the mark on the wooden strip.

When the water stops flowing, empty the water from the tray into one of the jugs
provided.

9702/32/M/J/16
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(e) Repeat (a), (c) and (d) using bottle B.

h= cm
0= cm
L= e
B = e
Xy = e
Xp = creeeeeieieiee e
(3]

(f) Itis suggested that the relationship between x,, x, and Ris
X, — X, = kR
where k is a constant.

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

firstvalue of K= ..
second value Of K= ..
(1]
(ii) Explain whether your results support the suggested relationship.
............................................................................................................................. [1]
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(9) (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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You may not need to use all of the materials provided.

1 In this experiment, you will investigate a wooden strip acted on by several forces.

(@) (i) Set up the apparatus as shown in Fig. 1.1.

spring
| stand _D_‘:D
boss
boss
I / <
nail o
wooden strip
string
pulley —
L—">boss
massm—
1
I ] I ]
bench

Fig. 1.1
The mass m should be 100g.
The angle 6 between the wooden strip and the string should be approximately 45°.

(ii) Adjust the apparatus so that the spring is vertical and the wooden strip is parallel to
the bench.

(b) (i) Record the mass m.

(iii) Measure and record 6.

© UCLES 2016 9702/33/M/J/16




(c) (i) Add 100g to the mass hanger.

(ii) Adjust the height of the boss holding the nail until the wooden strip is parallel to the
bench.

(iii) Measure and record m, y and 6.

© UCLES 2016 9702/33/M/J/16 [Turn over
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(d) Change m and repeat (c)(ii) and (c)(iii) until you have six sets of values of m, y and 6.
You may include your values from (b) and (c).

Include values of msin @ in your table.

[10]
(e) (i) Plota graph of y on the y-axis against msin 6 on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ...
YAINEErcept = ..o
(2]

© UCLES 2016 9702/33/M/J/16
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(f) The quantities y, mand 6 are related by the equation

y=Pmsing + Q
where P and Q are constants.

Using your answers in (e)(iii), determine the values of P and Q.
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 movement of a loaded wire.
(@) (i) Take the shorter of the two wires.

(ii) Measure and record the diameter d of the wire.

(iii) Calculate the cross-sectional area A of the wire using

nd?

A:4.

© UCLES 2016 9702/33/M/J/16 [Turn over
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(b) (i) Secure the hook of the mass hanger to one end of the wire leaving at least 20 cm of
excess wire.
The wire may be wrapped around the hook several times.

(ii) Set up the apparatus as shown in Fig. 2.1.

The length L of wire between the clip and the hook of the mass hanger should be
approximately 15cm.

front view side view _
p \ / | |
@ [ \ ] | |
\
rod of clamp

clip
/wwe\ i

T

bench

FI

mass hanger

Fig. 2.1

(iii) Measure and record L.

(iv) Estimate the percentage uncertainty in your value of L.

percentage uncertainty = ... [1]

© UCLES 2016 9702/33/M/J/16




(c) (i) Calculate Cwhere

.............................................................................................................................. [1]
(d) (i) Twistthe mass hanger through approximately 180°.
Release the mass hanger. The mass hanger will oscillate as shown in Fig. 2.2.
v
Fig. 2.2
(ii) Take measurements to determine the period T of the oscillations.

Record T.

T = [1]

(iii) Remove the wire from the mass hanger.

© UCLES 2016 9702/33/M/J/16 [Turn over



(e) (i)

(ii)

© UCLES 2016

10

Take the longer wire. Repeat (a)(ii) and (a)(iii).

Secure the hook of the mass hanger to one end of the wire leaving 40 cm of excess
wire.
Repeat (b)(ii), (b)(iii), (c)(i) and (d) for a value of L of approximately 30cm.

9702/33/M/J/16
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(f) Itis suggested that the relationship between T and Cis
T=kC
where kis a constant.

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

firstvalue of K= ..o
second value of K= ..o
(1]
(i) Explain whether your results in (f)(i) support the suggested relationship.
.............................................................................................................................. 1]
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(9) (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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You may not need to use all of the materials provided.
1 Inthis experiment, you will investigate the behaviour of an electrical circuit.
(@) The positive terminals of C and the d.c. supply are already connected. Complete the

circuit shown in Fig. 1.1, making sure that the positive terminals are connected as
indicated on the diagram.

d.c. supply
+ —
O O
e I
R
+
[
g
S
Fig. 1.1

(b) (i) Switch S should be open.

When the d.c. supply is switched on, the voltmeter reading will rise and become

constant.
Switch on the d.c. supply and record the voltmeter reading Vg after approximately
60s.
Vg = \Y
(ii) Calculate the value of 0.9 V4.
0.9Vg = i, V [1]

(c) (i) Close switch S. The voltmeter reading will fall to zero.

(i) Open S and measure the time t for the voltmeter reading to rise to a value V, of
approximately 4.0V.

Record t and Vc-

b= S
VC= .................................................... V
(1]

© UCLES 2016 9702/34/M/J/16 [Turn over



(d) (i)

4

Write down your value of 0.9 Vg from (b)(ii).

(ii) Repeat (c) for different values of V. in the range 0 to 0.9V until you have six sets

(e) (i)
(ii)
® (@)

(i)
(iif)

© UCLES 2016

of values of tand Ve

Plot a graph of V; on the y-axis against t on the x-axis.

Draw a smooth curve through your points.

Calculate the value of 0.5 Vs

Draw the tangent to your curve at V; = 0.5V

Determine the gradient and y-intercept of this tangent.

gradient= .....cccccvvvviviiieieennen.

y-intercept = .iiiiiii,

9702/34/M/J/16

[8]
2]
[1]
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(g) The tangent has the equation
VC =at+b
where a and b are constants.

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

B S e
D = e
[2]

(h) Calculate the value of T using the relationship

V.

-_S

T= 55
T e [2]
[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 relationship between the dimensions of a spring
and its spring constant.

You are provided with two lengths of copper wire with the same diameter.

(@) Measure and record the diameter d of the wire.

(b) (i) Wind one of the lengths of wire around the rod labelled A so that it makes a spring,
as shown in Fig. 2.1.

rod A

Fig. 2.1

(ii) Slide the spring off the rod and then twist the ends to give a loop at each end, as
shown in Fig. 2.2.

Fig. 2.2

© UCLES 2016 9702/34/M/J/16 [Turn over
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(iii) Count and record the number n of coils in your spring, and measure and record the
outside diameter x of your spring, as shown in Fig. 2.3.

n coils

Fig. 2.3
Dl = e
X S ettt a e e e nnns
[2]
(c) Estimate the percentage uncertainty in your value of x.
percentage uncertainty = ... [1]

(d) Calculate the value of D using the expression

D=x-d.

© UCLES 2016 9702/34/M/J/16
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(e) (i) Set up the apparatus as shown in Fig. 2.4, with the boss approximately 25cm
above the bench.

stand——— nail

boss /_|/

spring

mass hanger

Z L “bench’

Fig. 2.4

(if) Measure and record the height h, of the bottom of the mass hanger above the

bench.

(iii) Add the 509 mass to the mass hanger and measure the height h, of the bottom of
the mass hanger above the bench, as shown in Fig. 2.5.

_|

© UCLES 2016 9702/34/M/J/16 [Turn over
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(iv) Calculate the spring constant k using the expression

© UCLES 2016

k=_m9

(h1 - hz)
where m = 0.050kg and g = 9.81Nkg™.

Give your answer to an appropriate number of significant figures.

9702/34/M/J/16
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(g) Itis suggested that the relationship between k, D and n is

where cis a constant.

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

firstvalue of C= .o
secondvalue of C= ...
[1]
(ii) Explain whether your results support the suggested relationship.
.............................................................................................................................. [1]
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(h) (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.

T
D, ettt e et e e e e e et e s s s s st ees e r st
B e e e e e e e r e e
B e e e e e e e e s s s st e e e e et
............................................................................................................................... .
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3
You may not need to use all of the materials provided.

1 Inthis experiment, you will investigate how the current in a circuit changes as the resistance
of the circuit is changed.

(@) (i) Setup the apparatus as shown in Fig. 1.1.

wooden strip

wire
//
Lo o (!)
nail +
wooden strip power supply
C o ® ]
. ; !
Fig. 1.1

(ii) Measure and record the length L of the shorter wire.

L= e [1]
(b) (i) Complete the circuit as shown in Fig. 1.2.

I X 1

[e h o]
b

wire crocodile clip
[o—— o ® J

v

Fig. 1.2

Each crocodile clip should be attached to a wire at the same distance x from the
end of the wire, as shown in Fig. 1.2.

(ii) Measure and record the distance x.

(iii) Close the switch.

(iv) Record the ammeter reading I.

(v) Open the switch.
© UCLES 2016 9702/35/M/J/16 [Turn over



4
(c) Change x and repeat (b) until you have six sets of readings of x and I.

Include values of17 in your table.

9]
(d) (i) Plota graph of 17 on the y-axis against x on the x-axis. [3]
(ii) Draw the straight line of best fit. 1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ...
Y-INErcept = ..o
(2]
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(e) The quantities I and x are related by the equation

=—Px+Q

~| =

where P and Q are constants.

Using your answers in (d)(iii), determine values for P and Q.
Give appropriate units.

P =
[2]
(f) (i) The e.m.f. Eof the d.c. power supply is given on the card.
Record E.
E = e Vv
(ii) Theory suggests that
R, 3PL
Q=0 9t
E" 2
where R is the resistance of the resistor.
Use values in (a)(ii), (e) and (f)(i) to determine the value of R.
B = e Q[1]
[Total: 20]
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7
You may not need to use all of the materials provided.

2 In this experiment, you will investigate the position of a wooden strip with several forces
acting on it.

(@) (i) Balance the wooden strip on the pivot as shown in Fig. 2.1.

The distance between one end of the wooden strip and the pivot is C when the
wooden strip is balanced.

¢ string

wooden strip

/X(pivot

Fig. 2.1

(ii) Measure and record C.

(iii) Measure and record the distance d between the end of the wooden strip and the
centre of hole A as shown in Fig. 2.2.

Fig. 2.2

(iv) Calculate (C- d).

© UCLES 2016 9702/35/M/J/16 [Turn over



8

(b) (i) Set up the apparatus as shown in Fig. 2.3 with the nail through hole A.

-/stand -

boss

_ stand —
nail

wooden strip

mass hanger

bench

Fig. 2.3

Adjust the apparatus so that the string is parallel to the bench. The angle 6 is the
angle between the wooden strip and the stand.

(ii) Measure and record 6.

(iii) Estimate the percentage uncertainty in your value of 6.

percentage uncertainty = .......cccccoviiiiiiiiiiee [1]

© UCLES 2016 9702/35/M/J/16




(c) Calculate (tan6—1).

Give your answer to a suitable number of significant figures.

© UCLES 2016 9702/35/M/J/16 [Turn over



10

(e) Itis suggested that the relationship between and dis

K
C-d)

(tan6—1)= (
where kis a constant.

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

firstvalue of K= ..o
second value of K= ...
[1]
(ii) Explain whether your results support the suggested relationship.
............................................................................................................................. 1]
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(f) (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.

T e e reee
D, ettt e et e et e et e e et e e e ee s e st ee e s n e s e e e e nere
< TSP
B e e et e ettt e e e et e e e s e e nere
............................................................................................................................... o
[Total: 20]
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