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1 Astudent used a steel sphere in an experiment to determine the viscosity of a liquid.
(@) The student used vernier calipers to determine the diameter d of the steel sphere.
(i) The student recorded a single measurement of d as 12.7 mm.

Determine the percentage uncertainty in this measurement.
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Percentage uncertainty = ... S

(if) The student repeated the measurements of d at different orientations and S8
calculated the mean. s

Explain another technique she should use to determine an accurate value for d. 9
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(b) The student placed the steel sphere in a transparent tube filled with the liquid.
She arranged the transparent tube as shown.

Not to scale

rubber bung
transparent tube

rubber band

liquid rubber band
steel sphere

sealed end

bench

The student used a stopwatch to measure the time for the steel sphere to travel
between the rubber bands.

Describe how she should ensure that the steel sphere is travelling at terminal
velocity between the rubber bands.

You should include any additional apparatus required.
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(c) The student determined the viscosity of the liquid as 0.72Pas with a percentage
uncertainty of 6%.

The viscosity of castor oil is 0.65Pas.

Deduce whether the liquid could be castor oil.

(Total for Question 1 = 13 marks)
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2 Astudent was given a sealed box that contained some electrical components.
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The sealed box could contain a diode, resistor, filament bulb, or a combination of any of
these components. The student could not see the components inside the sealed box.
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Two terminals, X and Y, on the sealed box enabled the student to connect the
components to a 6.0V power supply and fixed resistor R.

The student investigated the current-potential difference characteristics of the
sealed box.

(@) (i) Complete the diagram to show the circuit the student should use for
this investigation.
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(if) The student was told that the sealed box contained a diode.
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(iii) The student had a choice of resistors to use for the resistor R, as shown in

the table.

Resistor A

Resistance/Q 18

18

33

33

Maximum power /W 0.5

2.0

0.5

2.0

The student was told that, when the potential difference across the sealed box is
0.7V, the current must not exceed 200 mA.

Deduce which of the resistors he should choose.
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(b) The student plotted the graph below.
Current / mA
200
150+
100+
50+
. . T . T g 1 1 Potential difference / V
5 4 -3 -2 -1 45
—504
—-100-
—-150-
—200-
The sealed box contained a diode and a resistor. The diode and resistor were either
connected in series or connected in parallel, as shown below.
—
N
e
Series Parallel
Explain whether the diode and resistor were connected in series or in parallel.
(2)
(Total for Question 2 = 11 marks)
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3 Astudent determined the refractive index of a liquid using the apparatus shown. KB
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(@) The student filled the tall beaker with water. S
He used a metre rule to measure the depth h, of the water. X

Describe an accurate method to determine a single value of h,. %

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 5%

K ey
K
Rl

;
KIS

<

=

% 1988
SRS
/]

.
%

Poss
% &
poS-Sels

%%
o
M
W
58S

0955

$%e%

NN 0 00 A mom
P 7 8 3 9 7 A 0 8 2 0



PMT

0%
%

CRKL:

Das0SezesoteSetes
0gesoeetess?
5%

&

%5
255

093

%!
SRS
LRLLRRRS

(b) The student placed a steel nail at the bottom of the beaker.

He viewed the search pin and the image of the steel nail from above while adjusting
the height of the search pin.

When the search pin appeared to be in line with the image of the steel nail from all
angles, he measured the value of h,.

The student varied h, by adding more water and repeated the process.

He recorded the following data.

h,/cm | h,/cm
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Criticise the recording of the data.
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(c) The student used values of h, and h, to calculate values for the refractive index n of
the liquid.

His values of n are given in the table below.

n 138 | 141 | 133 @ 1.29

(i) Determine the mean value of n.

(2)

Meanvalueofn= ... .

(ii) Determine the percentage uncertainty in the mean value of n.

Percentage uncertainty = ...

(Total for Question 3 = 10 marks)

J

NN 0 00D OO0 0 mom
P 7 8 3 9 7 A 06 1 0 2 0

PMT!

CRKLR

e S0
s

s
Y
v
<
S

-

25
s
o - 150
Jo%eavite%s
boge> v 9%
Doseatate®s

QA
o
=
V3
S

K5
PO
S5

fotess

RRK
SRS

pote—. 039
s
Bosee > Jos
LA
DoSeravi ot
e %
SRS
< ke 5
ol
K
T
N7
MY
boasviodss
25T
Doges 2%t
KBBX
SIS
SR,
PeSer->ae%
DO%0. 01 J9%¢
X ‘QQOQ
SLRAS,
SRLHES
SRIKLL:
5K
botetels
SRS

%

2R3
S Sezeteete:

<X

<X
o\
o

%
:’:’

<
9%

65
et
X
0%
%S

%

00
5
235
XA
No%s
botetes

20305959

o205 %%

So%oseses
bogoses



9%
0%
<5
55

<
9%
<

Seleototatetetete
CUESEELSE,
ZRRRRKRKRE:

CRRELLRLES
%
<5
S5

CIICIAIHAHA:

>
o5
X
5
ot

%
o

X2
X

vad 20
=t
<K

OO

X
<X

2R3
0%
0%
SR
R

KR

X

‘o:g:o
0%&
'
daseNeseses
o teleds

e

<>
%
S8
KRS
020!
RS

Q0K
RIS
$0.0. 0,00,
LSR5
KKK

Q’
S5
S35

X

0%
&

XL

S5
RS
LR

19e%%
XK
&

X
S
SLIATINR
RLLLLLLRRK

RS
000555 % | &
KRR
KL
192

%
%

o
it

S
o

%
&5
28

X%
K
e

XKLL
Sototeleteteteleteds
ELRREE
¥ 05
Sedelooted

0%
<

X
CRKLKS

ot
5

ZRRRRKRKRE:

%% %%
K RIIKRL
RS383%

-
e

%
[ 0

B0
RS

OO
g
A * ‘:;2.&
R
Rateletotots

oo

7

4 A student determined the mass of a metre rule using the apparatus shown.

Not to scale
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When the metre rule is in equilibrium, the relationship between the distance K and the
distance L is given by the formula

M 0.2M
K=|2E Ly =R
M M

A A

where

M, is the mass of mass A

M, is the mass of mass B

M., is the mass of the metre rule.

(@) Explain how a graph of K against L can be used to determine the value of M...
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(b) The student placed mass A at a distance K from the pivot.

She moved mass B until the metre rule was in equilibrium.

She then measured the distance L.

The student repeated this procedure for different values of K.

She recorded the following data.

K/m L/m
0.080 | 0.075
0.110 | 0.203
0.140 | 0.308
0.170 | 0.451
0.200 | 0.554
0.230 | 0.698

(i) Plot a graph of K on the y-axis against L on the x-axis on the grid opposite.

(if) Determine the gradient of the graph.
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(iii) Determine a value for M.

M, = 0.400kg

(Total for Question 4 = 16 marks)
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Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

useful energy output

efficienc -
y total energy input

useful power output

efficienc .
y total power input
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