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Chapter 1--Physical Quantities & Units

(a) show an understanding that all physical quantities consist of a numerical magnitude and a unit
(b) recall the following Sl base quantities and their units: mass (kg), length (m), time (s), current (A),

temperature (K), amount of substance (mol)

® Base unit

1 Which row shows a base quantity with its correct SI unit? (10w)

quantity unit
A current A
B mass g
C temperature °C
D weight N

(c) express derived units as products or quotients of the SI base units and use the named units listed in

this syllabus as appropriate
® Derived unit

2 At temperatures close to 0 K, the specific heat capacity ¢ of a particular solid is

given by c=DbT® where T is the thermodynamic temperature and b is a constant

characteristic of the solid. (08w)

What are the units of constant b, expressed in Sl base units?

A m’s?K?
B m?’s?K™
C kgm’s?K™®
D kgm?s?K™

3 The drag force F acting on a moving sphere obeys an equation of the form

F = kAv?, where A represents the sphere’s frontal area and v represents its speed.

(09w)

What are the base units of the constant k ?

A  kgm’s™

stk 1 HT

B kgm?s™

C kgm™ D kgm™s?

5% 2t IhK, 3 A48
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4 The table contains some quantities, together with their symbols and units.
Which expression has the units of energy? (09w)

quantity symbol unit

gravitational field strength g Nkg™
density of liquid Jo) kg m=

vertical height h m

volume of part of liquid v m?®

ohV £9 2
A \ B — cC = D h
geh g Y P9
5 The Sl unit for potential difference (the volt) is given, in base units, by (10s)
A  kgmA's?

B m?Als?
C kgm?s™

D kgm?*A’s?®

6 The product of pressure and volume has the same Sl base units as (10s)
A energy.
B force.
C force
area

force
length

7 A metal sphere of radius r is dropped into a tank of water. As it sinks at speed v, it
experiences a drag force F given by F = kr v, where k is a constant.
What are the S base units of k ?

A  kgm®s™ B kgm?s™ C kgm?'s™ D kgms™

8 The frictional force F on a sphere falling through a fluid is given by the formula
(10w/12)
F = 6manv
where a is the radius of the sphere, 1) is a constant relating to the fluid and v is the
velocity of the sphere.
What are the units ofn ?

A kgms™ B kgm's™ C kgms™ D kgm’s™®

FeEdhk: 1AM, 2@ oK, 3 i A48
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9 Which of the following correctly expresses the volt in terms of SI base units?
(08s)
A AQ

B wA™
C kgm’s'A™

D kgm?’s@A™
10
Which definition is correct and uses only quantities rather than units?

A Density is mass per cubic metre.

B Potential difference is energy per unit cument.
C Pressure is force per unit area.
D

Speed is distance travelled per second.

11

Stress has the same Sl base units as

A force _
mass

B farce _
length

C force _
area

D energy.

(d) use SI base units to check the homogeneity of physical equations
12

To check calculations, the units are put into the following equations together with the numbers.

Which equation must be incorrect?
A force =300J/6m

B power=6000J x 20s

C time=6m/30ms™
D

velocity =4 ms™ x 30s

Pl 1S, 2 @EEe oK, 3 R4t
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13

A cylindrical tube rolling down a slope of inclination # moves a distance L in time T. The equation
relating these quantities is

5‘2 5
L]|3+—| =QT"sind
+F’ QT sin

Where a is the internal radius of the tube and P and Q) are constants.

Which line gives the correct units for P and Q7

P Q
A m? m?s
B m? ms=
c m? m3s™
D m* ms=

14

What is the unit of power in Sl base units?

A kgms® B kgms™ C kgm®s™ D kgm®s™
(f) u se the following prefixes and their symbols to indicate decimal sub-multiples or multiples of
both base and derived units: pico (p), hano (n),micro (), milli (m), centi (c), deci (d), kilo (k), mega
(M), giga (G), tera (T)
® prefix
15 Five energies are listed. (08s)
5kJ
5mJ
5 MJ
5nd
Starting with the smallest first, what is the order of increasing magnitude of these
energies?
AS5kl—>5m]—5MJ— 5n]
B5nJ]—>5kl—>5MJ]—5m]
CS5nl->5ml—->5kl—-5MJ
DSmJ—5n]—>5kl—>5MJ
16 Which statement, involving multiples and sub-multiples of the base unit metre
(m), is correct? (09s)

Alpm= 10°m
B1lnm= 10°m
C 1Imm= 10°um

FeEdhk: 1AM, 2@ oK, 3 i A48
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D 1km= 10°mm
17

Decimal sub-multiples and multiples of units are indicated using a prefix to the unit. For example,
the prefix milli (m) represents 107,

Which row gives the sub-multiples or multiples represented by pico (p) and giga (G)?

pico (p) giga (G)
A 107 10°
B 107 10%
c 107" 10°
D 107" 10%
18
What is the ratio m_iﬁ 7
10° kHz
A 107° B 10° c 10° D 10°

(g) make reasonable estimates of physical quantities included within the syllabus

® Estimate

19 What is a reasonable estimate of the average kinetic energy of an athlete during a
100 m race that takes 10 s? (08s)

A401) B 400J C 40001 D 40 000 J
20

In making reasonable estimates of physical quantities, which statement is not correct?
A The frequency of sound can be of the order of GHz.

B The wavelength of light can be of the order of 600 nm.

C The Young modulus can be of the order of 10" Pa.
D

Beta radiation is associated with one unit of negative charge.

() distinguish between scalar and vector quantities and give examples of each
(k) add and subtract coplanar vectors

() represent a vector as two perpendicular components.

® Vector and scalar

21 What is the component of this displacement vector in the direction XY? (10w)

Pl 1S, 2 @EEe oK, 3 R4t
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A 3.0 km B 4.0 km C 5.0 km D 6.6 km
22 A vector quantity V is resolved into two perpendicular components X and Y. The
angle between V and component X is 0.(10s)

v

The angle between component X and the vector V is increased from 0°to 90<
How do the magnitudes of X and Y change as the angle 0 is increased in this

way?
X Y
A increase increase
B increase decrease
C decrease increase
D decrease decrease

23 Forces of 3N, 4 N and 5 N act at one point on an object. The angles at which the
forces act can vary. (10s)
What is the value of the minimum resultant force of these forces?
A0
B between 0 and 2N
C2N
D between 2N and 4N
24  The diagram shows a resultant force and its horizontal and vertical components.
(09s)

Pl 1S, 2 @EEe oK, 3 R4t
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vertical
component
resultant
=A)
horizontal
component

The horizontal component is 20.0 N and 6 = 30°. What is the vertical
component?
A 8.7N B 10.0N C 115N D 17.3N
25 The table shows the x-component and y-component of four force vectors.
Which force vector has the largest magnitude? (08w)

x-component/N y-component/N
A 2 9
B 3 8
c 4 7
D 5 6
26

A force of 5.0N pushes a ball due north and another force of 3.0N pushes it due east.

N

T

5.0N

3.0N
What is the magnitude of the net force acting on the ball?
A 28N B 40N C 58N D 80N

27

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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The diagram shows two fixed pins, ¥ and 2. A length of elastic is strefched between Y and £ and
around pin X, which is attached to a trolley.

Y

I

50mm

80mm — =P

X|€_,

trolley

1

30mm z

R

X is at the centre of the elastic and the trolley is to be propelled in the direction P at right angles
to YZ. The tension in the elastic is 4 N.

What is the force accelerating the trolley in the direction P when the trolley is released?
A 24N B 3.2N C 48N D 64N

28
Which group of quantities contains only vectors?

A acceleration, displacement, speed
B acceleration, work, electric field strength
C displacement, force, velocity

D power, electric field strength, force
29

The following physical quantities can be either positive or negative.
s : displacement of a particle along a straight line
! : temperature on the Celsius scale
g : electric charge
V: readings on a digital voltmeter
Which of these quantities are vectors?

A s g V B s, g Vonly C ¢ Vonly D sonly

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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30
Two possible displacements of an object are represented by the vectors P and Q.

5 Q

Which vector best represents the resultant displacement (P — Q) of the object?

A B

._-_._______________.—-—-—D'

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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Chapter 1--Physical Quantities & Units (X&)

(a) show an understanding that all physical quantities consist of a numerical magnitude and a unit

(b) recall the following Sl base quantities and their units: mass (kg), length (m), time (s), current

(A), temperature (K), amount of substance (mol)

(c) express derived units as products or quotients of the SI base units and use the named units

listed in this syllabus as appropriate

1 (a) Two of the Sl base quantities and their units are mass(kg) and length (m).
(09s/22/1)

Name three other Sl base quantities and their units.

1. quantity..........ccco... UNIE. e
2. quantity.........c.cccene. 1]0]| SRR
3. quantity.........ccceene. UNIE. e

(b) The pressure p due to a liquid of density o is related to the depth h by the

expression
p=pgh

where g is the acceleration of free fall.

Use this expression to determine the derived units of pressure. Explain your
working.

2 (a) Two of the Sl base quantities are mass and time. State three other Sl base
guantities. (10w/21/1)

1.
2.
3.
[3]

(b) A sphere of radius r is moving at speed v through air of density p. The
resistive force F acting on the sphere is given by the expression

F = Brpv¥

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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where B and k are constants without units.

(1) State the Sl base units of F, p and v.

F
p
Vv
3]
(i1) Use base units to determine the value of k.
K= e [2]

(f) u se the following prefixes and their symbols to indicate decimal sub-multiples or multiples of

both base and derived units: pico (p), hano (n),micro (), milli (m), centi (c), deci (d), kilo (k), mega

(M), giga (G), tera (T)

3 Aunit is often expressed with a prefix. For example, the gram may be written
with the prefix ‘kilo’ as the kilogram. The prefix represents a power-of-ten. In this

case, the power-of-ten is 10%. (10s/21/1))

Complete Fig. 1.1 to show each prefix with its symbol and power-of-ten.

prefix symbol power-of-ten

kilo k 103

nano N
centi | 1072
________________________________ M 106
________________________________ T 1012

Fig. 1.1
[4]

(g) make reasonable estimates of physical quantities included within the syllabus
4 Make estimates of the following quantities. (10w/23/1)

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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(a) the thickness of a sheet of paper

thickness = ............. mm [1]
(b) the time for sound to travel 100 m in air
time = ... s[1]
(c) the weight of 1000 cm?® of water
weight = ..., N [1]

Make reasonable estimates of the following quantities. (08s/1)

(a) the frequency of an audible sound wave

frequency = ............... Hz [1]
(b) the wavelength, in nm, of ultraviolet radiation
wavelength = ............... nm [1]
(c) the mass of a plastic 30 cm ruler
mass = .....cccceenee. g[1]
(d) the density of air at atmospheric pressure
density = ............ kgm™[1]

distinguish between scalar and vector quantities and give examples of each

(k) add and subtract coplanar vectors

()
6

represent a vector as two perpendicular components.
(a) (i) Distinguish between vector quantities and scalar quantities. (10w/22/1)

[2]

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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(i) State whether each of the following is a vector quantity or a scalar
quantity.

1. temperature

[1]
2. acceleration of free fall
[1]
3. electrical resistance
[1]

(b) A block of wood of weight 25 N is held stationary on a slope by means of a
string, as shown in Fig. 1.1.

string

The tension in the string is T and the slope pushes on the block with a force R that
is normal to the slope.

Either by scale drawing on Fig. 1.1 or by calculation, determine the tension T in
the string.

sl 1ETEM S, 2@ibIoK, 3 Bi44st
-16 -



b soRe b E BRSO R EeE %k IRPEHE 15001212231 www.alevelzizhen.com
Gt F T LA R AE ) B SABEW RN ERE, A

Chapter 2 -- Measurement Techniques

(@) use techniques for the measurement of length, volume, angle, mass, time, temperature and
electrical quantities appropriate to the ranges of magnitude implied by the relevant parts of the
syllabus. In particular, candidates should be able to:

*  measure lengths using a ruler, vernier scale and micrometer
* measure weight and hence mass using spring and lever balances
* measure an angle using a protractor
. measure time intervals using clocks, stopwatches and the calibrated time-base of a
cathode-ray oscilloscope (c.r.0.)
°  measure temperature using a thermometer as a sensor
e use ammeters and voltmeters with appropriate scales
* use a galvanometer in null methods
e use a cathode-ray oscilloscope (c.r.o.)
* use a calibrated Hall probe
(b) use both analogue scales and digital displays
1 A micrometer screw gauge is used to measure the diameter of a copper wire.
The reading with the wire in position is shown in diagram 1. The wire is removed
and the jaws of the micrometer are closed. The new reading is shown in diagram 2.
(20s)

diagram 1 diagram 2

What is the diameter of the wire?
A 1.90 mm B 2.45 mm C 2.59 mm D 2.73 mm
2 The diagrams show digital voltmeter and analogue ammeter readings from a
circuit in which electrical heating is occurring. (09s)

HINIE
II I_JI_| I

What is the electrical power of the heater?
A 0.53 W B 0.58 W C530W D 580 W
3 The diagram shows the stem of a Celsius thermometer marked to show initial and
final temperature values. (10s)

FeEdhk: 1AM, 2@ oK, 3 i A48
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What is the temperature change expressed to an appropriate number of
significant figures?
Al4 T B205< Cc21<C D220 <
4 A metre rule is used to measure the length of a piece of wire. It is found to be 70
cm long to the nearest millimetre. (10w)
How should this result be recorded in a table of results?
A0.7m B0.70m C 0.700 m D 0.7000 m
(c) use calibration curves
5 A calibration graph is produced for a faulty ammeter. (08w)

3
10
ammeter
reading/A
0 -
0 1.0
frue
current/A
Which ammeter reading will be nearest to the correct value?
A02A BO04A C06A DO0.8A

The angular deflection of the needle of an ammeter varies with the current passing
through the ammeter as shown in the graph. (10w)
X

angular
deflection

current

Which diagram could represent the appearance of the scale on this meter?

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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A B
) 3 4 5 4 5 6 7
{2 6 3
0 T 8gq 0132 8
C D
, 23456 7 4 , 34 5 6

0 \/\/LLUJ_Kz\/g 0 M@
(d) show an understanding of the distinction between systematic errors (including zero errors) and
random errors
(e) show an understanding of the distinction between precision and accuracy
7 A fixed quantity X is measured many times in an experiment that has
experimental uncertainty. A graph is plotted to show the number n of times that a
particular value x is obtained. (10w)
Which graph could be obtained if the measurement of X, has a large systematic
error but a small random error?

A B
[ A
n n
0 : - 0 : -
Xp x X, X
C D
i A
n n
0 f > 0 i >
Xy X Xg X

8 Four students each made a series of measurements of the acceleration of free fall g.
The table shows the results obtained. (08s)
Which set of results could be described as precise but not accurate?

g/ms™
A 9.81 9.79 9.84 9.83
B 9.81 10.12 9.89 8.94
c 9.45 9.21 8.99 8.76
D 8.45 8.46 8.50 8.41

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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The speedometer in a car consists of a pointer which rotates. The pointer is situated several
millimetres from a calibrated scale.

What could cause a random error in the driver's measurement of the car's speed?
A The car's speed is affected by the wind direction.

B The driver's eye is not always in the same position in relation to the pointer.
C The speedometer does not read zero when the car is at rest.

D The speedometer reads 10% higher than the car's actual speed.

(f) assess the uncertainty in a derived quantity by simple addition of actual, fractional or percentage
uncertainties (a rigorous statistical treatment is not required).

°
10

11

°
12

13

Uncertainty FJRR

A student uses a digital ammeter to measure a current. The reading of the
ammeter is found to fluctuate between 1.98 A and 2.02 A. (08w)
The manufacturer of the ammeter states that any reading has a systematic
uncertainty of =1 %.
Which value of current should be quoted by the student?
A (2.00 £0.01) A
B (2.00 +£0.02) A
C (2.00 £0.03) A
D (2.00 £0.04) A

Uncertainty FIiEHE

A quantity x is to be determined from the equation

x=P-Q.

P is measured as 1.27 £0.02 m.
Q is measured as 0.83 £0.01 m.
What is the percentage uncertainty in x to one significant figure?
A0.4% B2% C3% D7%

Uncertainty FnvEH

The resistance R of a resistor is determined by measuring the potential difference

V across it and the current | in it. The value of R is then calculated using the

equation (08s)

R=Y
|

The values measured are V = 1.00 £0.05 V and | = 0.50 £0.01 A.

What is the percentage uncertainty in the value of R ?

A25% B3.0% C7.0% D 10.0 %

A student finds the density of a liquid by measuring its mass and its volume. The
following is a summary of his measurements.(10s)

mass of empty beaker = (20 1) g
mass of beaker + liquid = (70 1) g

volume of liquid = (10.0 +0.6) cm?

He correctly calculates the density of the liquid as 5.0gcm ™.

sl 1ETEM S, 2@ibIoK, 3 Bi44st
-20 -



b SR b 20 N e okl HRPERAT 15001212231 www.alevelzizhen.com
B A R ST AP PSR BN EE R R, A

What is the uncertainty in this value?
A03gcem™ B0.5gcm™ C0.6gcm™ D26gcm™
12

The diagram shows an experiment to measure the speed of a small ball falling at constant speed
through a clear liquid in a glass tube.

1508 f---+E{-—--115mm

3.50s f---E{----385mm

There are two marks on the tube. The top mark is positioned at 115 = 1 mm on the adjacent rule
and the lower mark at 385 + 1 mm. The ball passes the top mark at 1.50 + 0.02s and passes the
lower mark at 3.50 £ 0.02s.

385-115 _ 270 _ -1
= =135mms=".
350-150 2.00

Which expression calculates the fractional uncertainty in the value of this speed?

The constant speed of the ball is calculated by

A -2 4004
270  2.00
B 2 _004
270 2.00
c 1,002
270 2.00
5 1,002
270 2.00
15

sl 1ETEM S, 2@ibIoK, 3 Bi44st
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The uncertainty in the value of the momentum of a trolley passing between two points X and Y
varies with the choice of measuring devices.

Measurements for the same trolley made by different instruments were recorded.

1 distance between X and Y using a metre rule with cm divisions = 0.55m

distance between X and ¥ using a metre rule with mm divisions = 0.547 m

timings using a wristwatch measuring to the nearest 0.5s at X =0.0sand atY =4.5s
timings using light gates measuring to the nearest 0.1s at X =00sandat¥ = 4.3s

mass of trolley using a balance measuring to the nearest g = 6.4 x 10~2kg

@ o B W N

mass of trolley using a balance measuring to the nearest 10g = 6 x 102kg

Which measurements, one for each quantity measured, lead to the least uncertainty in the value
of the momentum of the trolley?

A 1,3andB B 1,4and6 C 2 3and6 D 2, 4and5
16

The Young modulus of the material of a wire is to be found. The Young modulus E is given by the
equation below.

4F1

E =
nd 2x

The wire is extended by a known force and the following measurements are made.

Which measurement has the largest effect on the uncertainty in the value of the calculated
Young modulus?

measurement symbol value
A length of wire before force applied [ 2.043 £ 0.002m
B diameter of wire d 0.54 £ 0.02mm
c force applied F 1962 0.01N
D extension of wire with force applied X 52+ 0.2mm

17
A micrometer is used to measure the diameters of two cylinders.

diameter of first cylinder = 12.78 + 0.02mm
diameter of second cylinder = 16.24 + 0.03mm
The difference in the diameters is calculated.
What is the uncertainty in this difference?

A +=0.01mm B +0.02mm C +0.03mm D =0.05mm
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Chapter 2 -- Measurement Techniques (X&)

(c) use calibration curves

1 The volume of fuel in the tank of a car is monitored using a meter as illustrated in
Fig. 1.1. (09w/21/1)

FUEL

SN

Fig. 1.1

The meter has an analogue scale. The meter reading for different volumes of fuel
in the tank is shown in Fig. 1.2.

60

o0 an

volume

{ litre i
40

30 £

20

0 pA Y2 Ya 1
empty full
meter reading

Fig. 1.2

The meter is calibrated in terms of the fraction of the tank that remains filled with
fuel.

(@) The car uses 1.0 litre of fuel when travelling 14 km. The car starts a journey
with a full tank of fuel.
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(1) Calculate the volume of fuel remaining in the tank after a journey of 210
km.

volume = .............. litres [2]

(i) Use your answer to (i) and Fig. 1.2 to determine the change in the meter
reading during the 210 km journey.

fromfull to ... [1]
(b) There is a systematic error in the meter.

(i) State the feature of Fig. 1.2 that indicates that there is a systematic error.

[1]

(i) Suggest why, for this meter, it is an advantage to have this systematic
error.

[1]

(d) show an understanding of the distinction between systematic errors (including zero errors) and
random errors

(e) show an understanding of the distinction between precision and accuracy

2 A metal wire has a cross-section of diameter approximately 0.8 mm. (10s/22/1)

(a) State what instrument should be used to measure the diameter of the wire.

[1]
(b) State how the instrument in (a) is

(i) checked so as to avoid a systematic error in the measurements,

[1]

(i) used so as to reduce random errors.
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3 (S23-1)

(@)

[1]

For each of the following, tick [v] one box to indicate whether the experimental technique
would reduce random error, systematic error or neither. The first row has been completed

as an example.

random error

systematic error

neither

keeping your eye
in line with the
scale and the
liquid level for a
single reading of
a thermometer

averaging many
readings of the
time taken for a
ball to roll down a
slope

using a linear
scale on an
ammeter

correcting for

a non-zero
reading when a
micrometer screw
gauge is closed
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(b) The measurement of a particular time interval is repeated many times. The readings are
found to vary. The results are shown in Fig. 1.1.

number
of readings

10.0 10.2 10.4 10.6 10.8

reading of time interval/s
Fig. 1.1

The true value of the time interval is 10.1s.

(i) State how the readings on Fig. 1.1 show the presence of

1. a systematic emor,

(ii) State the expected changes to Fig. 1.1 for experimental measurements that are

1. more accurate,

(f) assess the uncertainty in a derived quantity by simple addition of actual, fractional or
percentage uncertainties (a rigorous statistical treatment is not required).
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4 A simple pendulum may be used to determine a value for the acceleration of free
fall g. Measurements are made of the length L of the pendulum and the period T
of oscillation. (09w/22/1)

The values obtained, with their uncertainties, are as shown.
T=(193+0.03)s

L=(92x1)cm

(a) Calculate the percentage uncertainty in the measurement of

(i) the period T,

uncertainty = .....ccooeeenenns % [1]

(i) the length L.

uncertainty = .......cccceeeene % [1]

(b) The relationship between T, L and g is given by

uncertainty = ................ % [1]
(c) The values of L and T are used to calculate a value of g as 9.751ms 2.

(i) By reference to the measurements of L and T, suggest why it would not be

correct to quote the value of g as 9.751 ms 2.

[1]
(i1) Use your answer in (b) to determine the absolute uncertainty in g.
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Hence state the value of g, with its uncertainty, to an appropriate
number of significant figures.

5 (a) State the most appropriate instrument, or instruments, for the measurement of
the following. (09s/1)

(i) the diameter of a wire of diameter about 1 mm

. [1]
(i) the resistance of a filament lamp
.............................................................................................................. [1]
(iii) the peak value of an alternating voltage
............................................................................................................. [1]

(b) The mass of a cube of aluminium is found to be 580 g with an uncertainty in
the measurement of 10 g. Each side of the cube has a length of (6.0 £0.1)
cm.

Calculate the density of aluminium with its uncertainty. Express your answer
to an appropriate number of significant figures.

density = ......... +....gcm™ [5]

6 Adigital voltmeter with a three-digit display is used to measure the potential
difference across a resistor. The manufacturers of the meter state that its accuracy
is 1% and =+ digit. (10s/23/1)

The reading on the voltmeter is 2.05 V.
(a) For this reading, calculate, to the nearest digit,
(i) a change of 1% in the voltmeter reading,
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change = ............. V [1]

(i) the maximum possible value of the potential difference across the
resistor.

maximum value = ................... V [1]

(b) The reading on the voltmeter has high precision. State and explain why the
reading may not be accurate.

[2]
7 (S21-1)

Measurements made for a sample of metal wire are shown in Fig. 1.1.

gua ntity measurement uncertainty
length 1750mm +3mm
diameter 0.38mm +0.01mm
resistance 7.50 +02Q
Fig. 1.1

(a) State the appropriate instruments used to make each of these measurements.

(i) length
............................................................................................................................. [1]

(i) diameter
_____________________________________________________________________________________________________________________________ [1]

(iii) resistance
_____________________________________________________________________________________________________________________________ [1]

(b) (i) Showthat the resistivity of the metal is calculated to be 4.86 x 10" Qm.
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[2]

(ii) Calculate the uncertainty in the resistivity.

uncertainty =% ... £2m [4]

(c) Use the answers in (b) to express the resistivity with its uncertainty to the appropriate
number of significant figures.

resistivity = .o o e £2m [1]
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Chapter 3 --Forces

(a) describe the forces on mass and charge in uniform gravitational and electric fields, as
appropriate
(b) show an understanding of the origin of the upthrust acting on a body in a fluid
(c) show a qualitative understanding of frictional forces and viscous forces including air resistance
(no treatment of the coefficients of friction and viscosity is required)
(e) show an understanding that the weight of a body may be taken as acting at a single point known
as its centre of gravity
1 What is the centre of gravity of an object? (09w)
A the geometrical centre of the object
B the point about which the total torque is zero
C the point at which the weight of the object may be considered to act
D the point through which gravity acts
2 Which defines the weight of a body? (10w)
A the amount of matter in the body
B the force of gravity on the body
C the number of particles in the body
D the product of the body’s volume and density
3 The gravitational field strength on the surface of planet P is one tenth of that on
the surface of planet Q. (10w)
On the surface of P, a body has a mass of 1.0 kg and a weight of 1.0 N.
What are the mass and weight of the same body on the surface of planet Q?

mass on Q/kg weight on Q/N
A 1.0 0.1
B 1.0 10
C 10 10
D 10 100

4 The acceleration of free fall on a planet P is & of the acceleration of free fall on

Earth. (08s)
The mass of a body on planet P is 30 kg.
What is its weight on planet P?
A 49N B 49N C 180N D 290N
5 The diagram represents a sphere under water. P, Q, R, and S are forces acting on
the sphere, due to the pressure of the water.(09s)
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water surface

Each force acts perpendicularly to the sphere’s surface. P and R act in opposite
directions vertically. Q and S act in opposite directions horizontally.
Which information about the magnitudes of the forces is correct?
AP<R:S=0Q BP>R:S=Q
CP=R;S=Q DP=R=S=Q
6 A ballis falling at terminal speed in still air. The forces acting on the ball are
upthrust, viscous drag and weight. (08s)
What is the order of increasing magnitude of these three forces?
A upthrust — viscous drag — weight
B viscous drag — upthrust — weight
C viscous drag — weight — upthrust
D weight — upthrust — viscous drag
7

A body hzas a weight of 58.9 N when on the Earth. On the Moon, the acceleration of free fall is
1.64ms™.

What are the weight and the mass of the body when it is on the Moon?

weight/N mass /kg
A 9.85 1.00
B 9.85 6.00
c 58.9 1.00
D 58.9 6.00

(d) use a vector triangle to represent forces in equilibrium
8 Astreet lamp is fixed to a wall by a metal rod and a cable. (10w)

metal rod lamp

=
..
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Which vector triangle represents the forces acting at point P?

S
S

9 Two rigid rods, XZ and YZ, are fixed to a vertical wall at points X and Y.
A load of weight W is hung from point Z. (08s)
The load is not moving.

% z
. X w
7 _—load
Z
‘P/Y
i’
Which diagram shows the forces acting at point Z?
A B
force in XZ force in XZ

force in ¥YZ force in YZ

Cc D

force in XZ force in XZ

force in Y2 force in YZ

10 The diagrams show two ways of hanging the same picture. (09w)
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diagram 1 diagram 2

In both cases, a string is attached to the same points on the picture and looped
symmetrically over a nail in a wall. The forces shown are those that act on the
nail.

In diagram 1, the string loop is shorter than in diagram 2.

Which information about the magnitude of the forces is correct?

A R=R, T-=T,

CR>R, T, <T,

D R<R, T =T,

11 The diagram shows a rope bridge that a student makes on an adventure training
course. The student has a weight W. (10w)

Which formula gives the tension T in the rope?

A T=_W B 7=_% c 7=X D T
2cos 2sing cosd

12
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A cable car of weight W hangs in equilibrium from its cable at point P.

The cable has tensions Ty and Tz as shown.

cable car

Which diagram correctly represents the forces acting at point P?

A B C D

T, T, T,
13

A ladder rests in equilibrium on rough ground against a rough wall.

=}

rough
G wall

Q

rough ground

Its weight W acts through the centre of gravity G. Forces also act on the ladder at P and at Q.
These forces are Pand Q respectively.

Which vector triangle represents the forces on the ladder?
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A B C D

P P P P

(f) show an understanding that a couple is a pair of forces that tends to produce rotation only

(9) define and apply the moment of a force and the torque of a couple

(h) show an understanding that, when there is no resultant force and no resultant torque, a system
is in equilibrium

(i)apply the principle of moments.

® Moments

14 The diagram shows two pulley wheels connected by a belt. (09w)

=]
C

Wheel Q is driven by a motor and rotates clockwise at a constant rate. Wheel Q
puts tension in the top portion of the belt, which in turn drives the wheel P. The
lower portion of the belt is slack and has no tension. The weight of the belt and
frictional forces are negligible.

The diameter of P is 150 mm. The diameter of Q is 100 mm. The torque applied

to Qis 3.0 N m.
What is the tension in the belt and the torque on wheel P?

tension in top of belt torque on wheel P
/N /Nm
A 20 2.0
B 30 4.5
Cc 40 2.0
D 60 4.5

15 Avrigid L-shaped lever arm is pivoted at point P. (10w)

sl 1ETEM S, 2@ibIoK, 3 Bi44st
-36 -




b soRe b E BRSO R EeE %k IRPEHE 15001212231 www.alevelzizhen.com
Gt F T LA R AE ) B SABEW RN ERE, A

()P

o
=

2m

2m !

}—» 10N

am m

Y

15N
Three forces act on the lever arm, as shown in the diagram.
What is the magnitude of the resultant moment of these forces about point P?
A15NmM B20Nm C35Nm D75Nm
16 A spanner is used to tighten a nut as shown. (10w)

Q@ ]

025m

F=200N

A force F is applied at right-angles to the spanner at a distance of 0.25 m from
the centre of the nut. When the nut is fully tightened, the applied force is 200 N.
What is the resistive torque, in an anticlockwise direction, preventing further
tightening?
ASBNmMB42NmC50NmMD 1250 N m

17 A uniform ladder rests against a vertical wall where there is negligible friction.
The bottom of the ladder rests on rough ground where there is friction. The top
of the ladder is at a height h above the ground and the foot of the ladder is at a
distance 2a from the wall. (08s)
The diagram shows the forces which act on the ladder.

F

ladder

e e
a a

Which equation is formed by taking moments?
AWa+Fh=2Wa

BFa+Wa=Fh

CWa+2Wa=Fh

DWa-2Wa=2Fh
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18

A uniform rod XY of weight 10.0 N is freely hinged to a wall at X. It is held horizontal by a force F
acting from Y at an angle of 30° to the horizontal, as shown.

g
wall 7,
-
What is the value of F7?
A 5.0N B 8.7N C 10.0N D 200N

® Couple
19  Which pair of forces acts as a couple on the circular object? (08w)

A B 04 D

oleNeNe)

20 Two parallel forces, each of magnitude F, act on a body as shown. (10w)

F —0

What is the magnitude of the torque on the body produced by these forces?
AFd BFs C2Fd D 2Fs
21 A spindle is attached at one end to the centre of a lever 1.20 m long and at its
other end to the centre of a disc of radius 0.20 m. A cord is wrapped round the
disc, passes over a pulley and is attached to a 900 N weight.
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What is the minimum force F, applied to each end of the lever, that could lift the
weight?

A 75 N B 150 N C 300 N D
950 N

22

The diagrams all show a pair of equal forces acting on a metre rule.
Which diagram shows forces that provide a couple and zero resultant force?

A B Cc D

Y

23

The diagram shows a child's balancing game.

peg

one ring

pivot

two rings

The wooden rod is uniform and all the rings are of equal mass. Two rings are hung on peg
13 and one on peg 1.

On which hook must a fourth ring be hung in order to balance the rod?

A 2 B 3 cC 5 D 6
24
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A trailer of weight 30kN is hitched to a cab at X, as shown in the diagram.

cab

trailer

30kN
10m '

What is the upward force exerted by the cab on the trailer at X?

A 3kN B 15kN C 30kN D G60kN

FeEdhk: 1AM, 2@ oK, 3 i A48
-40 -



b soRe b E BRSO R EeE %k IRPEHE 15001212231 www.alevelzizhen.com
Gt F T LA R AE ) B SABEW RN ERE, A

Chapter 3 —Forces (Kf&&)

(h)show an understanding that, when there is no resultant force and no resultant torque, a system
is in equilibrium

(d) use a vector triangle to represent forces in equilibrium

(i) apply the principle of moments.

1 (a) State the two conditions that must be satisfied for a body to be in equilibrium.

(10s/23/2)
RS OTPR
2 et et ettt et e e et e bt e ae et etebe et eb e be et ebeate e es b eaenrereee
[2]
(b) Three co-planar forces act on a body that is in equilibrium.
(i) Describe how to draw a vector triangle to represent these forces.
3]
(i) State how the triangle confirms that the forces are in equilibrium.
[1]
(c) A weight of 7.0 N hangs vertically by two strings AB and AC, as shown in Fig.

2.1.
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B

Fig. 2.1

For the weight to be in equilibrium, the tension in string AB is T, and in string

ACitis T,.
On Fig. 2.1, draw a vector triangle to determine the magnitudes of T, and T,.

S FT N

(d) By reference to Fig. 2.1, suggest why the weight could not be supported with
the strings AB and AC both horizontal.

2 (S23-2)
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A climber is supported by a rope on a vertical wall, as shown in Fig. 2.1.

N

Fig. 2.1

The weight Wof the climber is 520 M. The rope, of negligible weight, is attached to the climber
and to a fixed point P where it makes an angle of 18° to the vertical. The reaction force R
acts at right-angles to the wall.

The climber is in equilibrium.

(a) State the conditions necessary for the climber to be in equilibrium.

(b) Complete Fig. 2.2 by drawing a labelled vector triangle to represent the forces acting on
the climber.

Fig. 2.2
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(c) Resolve forces or use your vector triangle to calculate

(i) thetension Tinthe rope,

(ii) the reaction force R.

(d) Theclimber moves up the wall and the angle the rope makes with the vertical increases.
Explain why the magnitude of the tension in the rope increases.

3 (W23-1)

(a) Distinguish between scalars and vectors.

(b) Underline all the vector quantities in the list below.

acceleration kinetic energy momentum power weight [2]

(c) A force of 75N acts at 40° to the horizontal, as shown in Fig. 1.1.

7.5N

horizontal

Fig. 1.1

Calculate the component of the force that acts

(i} horizontally,
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horizontal component = ... N [1]
(ii) wvertically.

vertical component =

(d) Two strings support a load of weight 7.5N, as shown in Fig. 1.2.

T3

Fig. 1.2

One string has a tension T, and is at an angle 50° to the horizontal. The other string has
a tension T, and is at an angle 40° to the horizontal. The object is in equilibrium.
Determine the values of T, and T, by using a vector triangle or by resolving forces.

Ty e e N
Ty = oo ssssneens e e N
[4]

(h)show an understanding that, when there is no resultant force and no resultant torque, a system
is in equilibrium

(i) apply the principle of moments.
4 (a) Distinguish between the moment of a force and the torque of a couple. (08w/3)

moment of a force

torque of a couple

[4]
(b) One type of weighing machine, known as a steelyard, is illustrated in Fig. 3.1
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metal rod

hook ’@ 2.5 N sliding weight

Fig. 3.1

The two sliding weights can be moved independently along the rod.

With no load on the hook and the sliding weights at the zero mark on the metal
rod, the metal rod is horizontal. The hook is 4.8 cm from the pivot.

A sack of flour is suspended from the hook. In order to return the metal rod to the
horizontal position, the 12 N sliding weight is moved 84 cm along the rod and the
2.5 N weight is moved 72 cm.

(i) Calculate the weight of the sack of flour.

(ii) Suggest why this steelyard would be imprecise when weighing objects with a
weight of about 25 N.

[1]

(a) State what is meant by the centre of gravity of a body. (10w/22/3)

[2]

(b) A uniform rectangular sheet of card of weight W is suspended from a wooden
rod. The card is held to one side, as shown in Fig. 3.1.
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rod

Fig. 3.1
On Fig. 3.1,
(i) mark, and label with the letter C, the position of the centre of gravity of
the card,
[1]
(if) mark with an arrow labelled W the weight of the card.
[1]

(c) The card in (b) is released. The card swings on the rod and eventually comes to
rest.

(i) List the two forces, other than its weight and air resistance, that act on the
card during the time that it is swinging. State where the forces act.

1.

[3]

(ii) By reference to the completed diagram of Fig. 3.1, state the position in
which the card comes to rest.

Explain why the card comes to rest in this position.
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[2]
6 (a) Define the torque of a couple. (09s/3)

[2]

(b) A torque wrench is a type of spanner for tightening a nut and bolt to a
particular torque, as illustrated in Fig. 3.1.

force F
nut torque scale

v ___@_\)

45¢cm
Fig. 3.1

The wrench is put on the nut and a force is applied to the handle. A scale
indicates the torque applied.

The wheel nuts on a particular car must be tightened to a torque of

130 N m. This is achieved by applying a force F to the wrench at a distance of 45
cm from its centre of rotation C. This force F may be applied at any angle _ to the
axis of the handle, as shown in Fig. 3.1.

For the minimum value of F to achieve this torque,

(i) state the magnitude of the angle _ that should be used,

(ii) calculate the magnitude of F.

7 (S21-3)
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(a) Explain what is meant by centre of gravity.

(c) A student is being weighed. The student, of weight W, stands 0.30m from end A of a
uniform plank AB, as shown in Fig. 3.1.

%P o
PP T IIID. TV B

AE |
:D_aﬂml 4 —=10.20m
oY 80N ?‘T'JN :
™ 050m ! !
| 2.0m 1

Fig. 3.1 (not to scale)

The plank has weight 80N and length 2.0m. A pivot P supports the plank and is 0.50m
from end A.

A weight of 70N is moved to balance the weight of the student. The plankis in equilibrium
when the weight is 0.20m from end B.

(i) State the two conditions necessary for the plank to be in equilibrium.
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(i) Determine the weight W of the student.

(iii) If only the 7ON weight is moved, there is a maximum weight of student that can
be determined using the arrangement shown in Fig. 3.1. State and explain one
change that can be made to increase this maximum weight.

8 (W21-2)
(a) Define the torgue of a couple.

(b) A uniform rod of length 1.5m and weight 2.4 N is shown in Fig. 2.1.

i 1.5m |

: i

I I

rope A 80N i

[ pin .

l

|

> =]
rod~"

weight 2.4 N J Y

8.0N rope B
Fig. 2.1
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The rod is supported on a pin passing through a hole in its centre. Ropes A and B
provide equal and opposite forces of 8.0NM.

(i) Calculate the torque on the rod produced by ropes A and B.

(ii) Discuss, briefly, whether the rod is in equilibrium.

(¢) The rod in (b) is removed from the pin and supported by ropes A and B, as shown in
Fig.2.2.

- 1.5m !
|

: I
|
: rope A rope B

[ ]
| 0.30m j
rl—hl-
|

\'\ |
P
weight 2.4N
Fig. 2.2

Rope Ais now at point P 0.30m from one end of the rod and rope B is at the other end.

(i) Calculate the tension in rope B.

tension INB = L. N [2]

(ii) Calculate the tension in rope A.

tension iN A = L e N [1]
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