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Ererelle l.l Uectorr and $celerr

1. a) What is meant by a vector quantity^?

U) Wfrat is meant by a scalar quantity?

2. Divide each of the following grouPs into vector quantities and scalar quantities'

a) mass, weight, momentum, velocity, acceleration and kinetic energy

bi force, *uri, dittu.,c", momentum' weight

c) velocity, d;;;;;p";d, work, potentialenergy' displacement

d; pt"tt.tie,'force, impulse, power' time' temperature

3. Decide whether each of the following statements is true or false'

a) Scalar quantities have direction onl.y' r --- r r:-^
b) Vector qn*titi"t have both magnitude.and direction'

.f Sp""a ir'u 
"".t* 

quantity and v"elocity is 1 scalar ouantitv'

d) Force ancl weight are vecto. qrrut titi"" bu.t .ma.ss 
is a scalir quantity'

e) Displacement and speed *" +;;; il*titi"t but time is a scalar quantity'

4. A car travels from X to Y a distance of 40 km. Y 
$h z

Then it tra.rerc tom i to Z, a distance of 30 km as shown' - 
l-

i.""Liii"g from X to Y takes a time of L hour' 40k^ I North
Travel l in[ f romYtoZalsotakeslhour '  

-__l  
+

a) Calculate the final displacement of the car' 
I I

ui catcutat" th" u.ru.uge speed of the car for the- journey. - - I

c) Calculate the average r"to"it] i'it 
" "- 

iot the journey' X I

5. A yacht follows the course shown during a race'

The race starts and finishes at X'

a) Calculate the displacement of the yacht from

oosition X whenit is at PositionZ'
ft 'Cii""fute the distance travelled by the

yacht during the race'

,N[ *+=
T YJ

n:T"[ '4,

6. During part of an orienteering event

a comf.ititor comPletgs t-h^" W":
displaiements shown in L0 minutes'

For the comPetitor for this Part
of the event, calculate
a) the resultant disPlacement,
b) the average sPeed,
c) the average velocitY'

Sfi)m
+

(i)

8fi)m

+
I
I
(ii)

11.00m

-

(iiil
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7. In an orienteering competition, the competitors are given the following instructions.
From the start, travel due north for 750 m, then travel due west f.or 1.25 km, then
north east for 500 m.

a) For a competitor who has followed the instructions,
the displacement from the start.

b) What direction should the competitor take to return

A boy, sitting on the back of a truck which is travelling
north at 4 m s-1, throws a ball at a speed of 5 m s-1
across the truck in the direction indicated by arrow XY.

Calculate the magnitude and direction of the velocity
of the ball with respect to the ground.

draw a scale diagram to find

directly to the start?

9. A canal boat is travelling with a velocity of 2.0 m s-1 due west along a canal.
A girl runs with a speed of 4.8 m s-1 from X to Y across the deck of the boat as shown.

N

A
I

W#E
I
s

By drawing a scale diagram or otherwise, find the resultant velocity of the girl relative
to someone at point Z on the bank of the canal.

10. A ferry crosses from a point A on the mainland to a point B on a nearby island as
shown.

island

calm water

N

+w-1-E
I
s

calm water

A main land

The ferry sets out at2.4 m s-l in the direction 40o east of north (0400).
A strong current flowing in the middle of the channel causes the ferry to move at the
sarne speed in the direction 40o west of north (3200), although the ferry is still pointing
in the original direction as indicated in the diagram.
On reaching the calm water near the island, the ferry continues with its original speed
and direction.

Use a vector diagram to find the velocity of the current in the middle part of the
channel.

bank

bank a z
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11.. A ball rolls down a ramp which is indined at
600 to the vertical as shown. When it reaches Y it
has a velocity of 20 m s-1 down the ramp.

a) Calculate the horizontal component
of velocity at point Y.

b) Calculate the vertical component of
velocity at point Y.

During flight, a golf ball has a velocity of 50 m s-1
at 40o to the horizontal as shown.

Calculate the horizontal component of velocity.
Calculate the vertical component of velocity.

A box of weight 200 N is placed on a
slope of 30o to the horizontal as shown.

a) Calculate the component of the
weight acting down the slope.

b) Calculate the component of the
weight acting at right angles to
the slope.

50 m s-l12.

13.

a)
b)

L4. A trolley is given a push so that it rises
up a steep incline as shown. It comes
to a stop and then rolls back down the
incline. There is a large frictional force
between the trollev and the surface of
the slope.

Sketch the velocity-time graph for the motion.
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Erorcise 1.2 Ueloclty and Acceleration Graphc

t. Accurately draw the corresponding acceleration-time graph for each of the following
velocity-time graphs.
(Numerical values are required on both axes.)

c)
v/m s-l

10 20 8

24

The velocity-time graph for the vertical 30
component of the velocity of an object thrown v/m s'l
upwards from ground level and then falling
onto the roof of a building is shown.

Calculate the height of the building.
(Take the acceleration due to gravity
to be 10 m s-2.)

3. The graph shows how the force applied
to an object of mass 5 kg varies with time.
The object is initially at rest.

Accurately draw the corresponding
acceleration-time and velocity-time graphs.
(Numerical values are required on both axes.)

4. The velocity-time graphs for two train journeys along a straight section of track are
shown.

a) y/m s-l b)
30
20
10

-10

-20

For each train journey, calculate
i) the distance travelled by the train,
ii) the final displacement of the train,
iii) the average velocity of the train.

a)
v/m s-l

b)
vlm s'l

-10

-c

-10

v/m s-1
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Ererclre 7.1 Gepacltance

1. The graph shows how the charge Q on a capacitor is
related to the p.d. V applied across its plates.

a) What does the shaded area under the graph represent?
b) What does the gradient of the graph reprbsent?

J.

4.

5. In the circuit Shown C is a 1.0 pF capacitor
holding a charge of 10-5 C and R is a
1.0 Q resistor.

a) Calculate the voltage across the capacitor.
b) Calculate the initial current flowing in the

circuit when the switch is closed.

--C RII

"rA

A capacitor takes 320 pC to fully charge when connected to an 8 V supply.

Calculate the capacitance of the capacitor.

"A capacitor has a capacitance of 4 microfarads."

Explain what is meant by this statement.

Which of the following units is equivalent to a farad?

A.V B.C C. CV D. CV-l E. VC-1

5. In the circuit shown the capacitor C is charged with a steady current of 1 mA by
carefully adjusting the variable resistor R.

The voltmeter reading is taken every 10 s. The results are shown in the table.

Plot a graph of charge against voltage for the capacitor and hence find its capacitance.

9 V d.c. supply

Time/s 0 10 20 30 40

Voltage/V n 7.9 4.0 6.2 8.1
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7. After the switch is closed in the circuit shown, the variable resistor R is adiusted to
give a constant charging current of 2.0 x 1,0-5 A for a time of 30 s.
During this time the p.d. across the capacitor rises from 0 V to 9 V.

a)
b)

-

gVd.c.supply C:

What change must be made to the variable resistor R?
Calculate the capacitance of the capacitor.

8. The circuit shown is set up to investigate the charging of a capacitor.

Vgt v

At the start of the experiment the capacitor is uncharged. The graph shows how the
p.d. VC across the capacitor varies with time from the instant the switch S is closed.
a) Draw a graph showing how the p.d. Vn across the resistor varies with time during

the first 1.0 s of charging.
(Numerical values are required on both axes.)

b) Calculate the current in the circuit at the instant the p.d. across the capacitor is 6.0 V.

9. The switch K is made to vibrate between contacts X and Y at a rate of 50 complete
vibrations (to and fro) per second. The voltrneter reads 10.0 V and the milliammeter
A reads 8.00 mA.

10 V d.c.

How much charge passes through the milliammeter in 1 s?
How much charge passes through the milliammeter each time the switch makes
contact with Y?
Calculate the capacitance of the capacitor C?

ay-
I
lR
d 5.8 kcl

C /

t ls

a)
b)

c)
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10. The circuit shown is used to find the capacitance of a capacitor.

XY

variable voltage
d.c. supply

With the switch in position X, the capacitor charges up to the supply voltage.
The reading_ on the voltmeter is noted and the sv,ritch-is moved io position Y.
The coulombmeter Q then indicates the charge stored by the capaiitor.
a) One set of results is:

Voltmeter reading = 1.5 V
Coulombmeter reading = 24 pC

Use these rilsults to calculate a value for the capacitance of the capacitor.
b) The experiment is repeated with the same capicitor for five diffeient values

of the supply voltage, glving the following values for the capacitance:
16 trrF, 18 pF, 20 pF, 16 pF, 15 pF

Using these five results, calculate the mean value for the capacitance and the
approximate random uncertainty in this value.

c) How could the approximate random uncertainty in the mean value of the
capacitance be reduced?

11. An uncharged capacitor is connected in the circuit shown.

2000 pF

a) Describe the response of the ammeter after the switch S is closed.
b) How would you know when the potential difference across the capacitor is at its

maximumt
c) Suggest a suitable range for the ammeter.

(Hint: Calculate the maximum current.)
d) If the 10 kA resistor is replaced by one of a larger resistance, what will be the effect

on the maximum potential difference across the capacitor?
e) If the 2000 pF capacitor is replaced by one of a larger capacitance, what will be the

effect on the maximum potential difference across the capacitor?
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Erercise lo.l Rutherilordts ErlBrlment

1. In Rutherford's famous experiment to investigate the structure of the atom, a beam of
radiation is directed at a thin gold foil target ai shown.

evacuated chamber

lead
shield

particle sourc€

thin gold foil

a) i) State the type of radiation used.
ii) Describe what the experimenters observed as the microscope was

moved from X to Y.
iii) Explain how the results of the experiment suggest that the mass of the

atom is concentrated at its centre (the nucleus).
b) Geiger and Marsden carried out the experiment and also investigated the effect of

using elements other than gold.
By imagining the passage of a single particle near to the nucleus of an atom with an
atomic number less than gold, suggest how the deflection might compare with a
particle passing at the sarne distance from the nucleus of a gold atom.
Explain your answer.

Describe briefly, with the aid of a diagram, the model of the atom which Rutherford
proposed on the basis of the experiment described in question 1.

Decide whether or not each of the following are valid conclusions resulting from
Rutherford' s particle scatterin g experiment.

a) The nucleus of an atom contains only neutrons and protons.
b) The mass of the proton is nearly equal to that of the neutron.
c) The nucleus of an atom is very much smaller than the atom itself.
d) Alpha particles are helium nuclei.
e) There are large spaces between the atoms in a gold foil.
f) The nucleus has a very high density.
g) The nucleus contains uncharged particles called neutrons.
h) The nucleus has a positive charge.
i) The alpha particles are absorbed, changing the atomic number of the metal.

3.
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