Pﬂép&ﬂmﬁ fog
A-Level Physics

WorKopK



http://www.physicstutoronline.co.uk/

'{@3 Physics Tutor Online
\

PART A - Key maths skills for A level Physics
Task 1 - Standard form

1. Write in standard form
(a) 379.4
(b) 0.0712

2. Write as ordinary numbers (use the data sheet on the last page of this
booklet):

(a) The speed of light

(b) The charge on an electron

3. Write one quarter of a million in standard form.

4,  Write these constants in ascending order (ignoring units):
permeability of free space; the Avogadro constant; proton rest mass;
acceleration due to gravity; mass of the Sun.

5. Work out the value of the following.

Give your answer in standard form.

The mass of an electron/the mass of the Earth (use the data sheet).

6. Solve (2.4 x 10" = 1.44 = 10°

Give your answer in standard form.
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Answers to Task 1 — Standard form

1.
a. 3.794 x 102
b. 7.12 x 102

2.
a. 300 000 000 ms™!
b. 0.000 000 000 000 000 000 16 C

3.25x10°

4. Correct ascending order:

proton rest mass
permeability of free space
acceleration due to gravity
the Avogadro constant

mass of the Sun.

5.

1.52x 10

6.0 x10*
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Task 2 - Decimal places, significant figures and rounding

1. How many rockets would be needed to deliver 30 tonnes of material to a space
station, if every rocket could hold 7 tonnes?

2. A power station has an output of 3.5 MW. The coal used had a potential
output of 9.8 MW,

Work out the efficiency of the power station.

Give your answer as a percentage to one decimal place.

3. A radioactive source produces 17 804 beta particles in 1 hour.
Calculate the mean number of beta particles produced in 1 minute.

Give your answer to one significant figure.
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Answers to Task 2 — Decimal places, significant figures and rounding

1. 5rockets
2. 3.5/9.8 * 100% = 35.7% (1 d.p.)
3. 300 (1 sig. fig.)
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Task 3 - Fractions, ratios and percentages

1.

The ratio of turns of wire on a transformer is 350 : 7000 (input : output)

What fraction of the turns are on the input side?

A bag of electrical components contains resistors, capacitors and diodes.
2
E of the components are resistors.

The ratio of capacitors to diodes in a bag is 1 : 5. There are 100 components in
total.

How many components are diodes?

The number of coins in two piles are in the ratio 5 : 3. The coins in the first
pile are all 50p coins. The coins in the second pile are all £1 coins.

Which pile has the most money?

A rectangle measures 3.2 cm by 6.8 cm. It is cut into four equal sized smaller
rectangles.

Work out the area of a small rectangle.

Small cubes of edge length 1 cm are put into a box. The box is a cuboid of
length 5 cm, width 4 cm and height 2 cm.

How many cubes are in the box if it is half full?

In a circuit there are 600 resistors and 50 capacitors. 1.5% of the resistors are
faulty. 2% of the capacitors are faulty.

How many faulty components are there altogether?

How far would you have to drill in order to drill down 2% of the radius of the
Earth?

Power station A was online 94% of the 7500 days it worked for.
Power station B was online g of the 9720 days it worked for.

Which power station was offline for longer?
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Answers to Task 3 - Fractions, ratios and percentages

1. 1/20

2. 50 diodes

3. The second pile (250 : 300)

4. 544 cm?

5. 20 cubes

6. 10 faulty components altogether (9 resistors and 1 capacitor)

7. 127 400 metres or 127.4 km

8. Power Station B was offline for longer.
Power station A = online 7050 days, offline 450 days.
Power station B = online 8640 days, offline 1080 days
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Task 4 - Using sine, cosine and tangent

1 (a)  Work out the length of AB.

A

45°

25 cm

(Mot drawn accurately)

(b) Work out the length of PR.

=

60" m
R 25 cm Q

(Not drawn accurately)
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Answers to Task 4 - Using sine, cosine and tangent

1(a) 2.5cm

1(b) 5.0 cm
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Task 5 - Pythagoras’s theorem

Woark out the lengths of the unlabelled sides.

20cm

50cm

10.0 cm
8.0 cm

Task 6 - Arithmetic means

1. The mean weight of 9 people is 79 kg
A 10th person is such that the mean weight increases by 1 kg
How heavy is the 10th person?

2. A pendulum completes 12 swings in 150 s.

Work out the mean swing time.
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Answers to Task 5 - Pythagoras’s theorem

1. 5.4cm (x2=5%+2?)

2. 6.0 cm (102 = x2 + 82)

Answers to Task 6 - Arithmetic means

1. 89 kg

If the mean increases by 1kg when the 10* person is added then the total mass of 10
people would be 10 x 80 = 800 kg.

9 people have a mean mass of 79kg so their total mass would be 9 x 79 = 711 kg.

Therefore the 10" person must have a mass of 800 — 711 = 89 kg.

150 13 seconds
12
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Task 7 - Rerranging formulas

1. Rearrange y = 2x+ 3 to make x the subject.

2. Rearrange C' = 2ar to make r the subject.

I 4 .
3.  Rearrange £ =5m to make v the subject.

5 .
4. Rearrange s = ur + < ar to make u the subject.

.|r 3 -
5. Rearrange s = ur + = ar to make a the subject.

'il-
6.  Rearramge 1 = = to make r the subject.
F

v
7. Rearramge 7= 2r J: to make r the subject.
r

B. Rearrange v=w /4% —x* to make x the subject.

Mote: in science, subscripts are often used to label quantities. So in the following two
examples, there are two masses, m; and m,. The | and 2 are part of the quantity and
should be kept with the m.

Gﬂl“’ﬂz

2

9. Rearrange F = to make m, the subject.

10. Rearrange F= Gm’émz to make r the subject.
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Answers to Task 7 - Rerranging formulas

1. Rearrange y =2x+ 3 to make x the subject. x - ga - 3

2. Rearrange C' = 2ar to make r the subject. r/ -

m
I 4 .
3.  Rearrange £ =5m to make v the subject. \r -
- ———
m

4. Rearrange s = ui + é ar' to make u the subject.
) & -—
35 = 2ub + at w=9s-ab
!

5.  Rearrange s =ut += ar’ to make a the subject.

'il
6.  Rearramge 1 = = to make r the subject.
F

v
7. Rearrange 7= 2r J: to make r the subject.
r

a
Tz ¢l 2v <y
\
r _I_
B. Rearrange v=w /4% —x* to make x the subject.

Mote: in science, subscripts are often used to label quantities. So in the following two
examples, there are two masses, m; and m,. The | and 2 are part of the quantity and
should be kept with the m.

Gmlﬂ’lz

&
9.  Rearrange F = — to make m; the subject. mz - Fr
Gm,
- '
-

imym,

10. Rearrange F = — to make r the subject. r

rrwiats)y = (AT
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Task 8 — Graph gradients and areas

1. The graph shows the speed of a car between two sets of traffic lights.

It achieves a maximum speed of v metres per second.

It travels for 50 seconds.

The distance between the traffic lights is 625 metres.

Not drawn
+ accurately
v o
Speed /
ms
0 T T I -
0 20 40 50
Time /s
Calculate the value of v
2. The graph shows the speed of a train between two stations.
'
1 Mot drawn
50 accurately
Speed /
ms |
0 T T T >
0 20 40 50

Time [ s

Calculate the distance between the stations.
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Non-linear graphs

3 The graph shows the speed-time graph of a car.

i

0 1

Time /s

Use the graph to work out:

a.  The maximum speed of the car.

b.  The total distance travelled.

¢.  The average speed for the journey.
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Answers to Task 8 — Graphs, gradients and areas

1.

Applying the formula for the area of a trapezoid:

Area = %h

From the graph, a = 20, b = 50 and h represents the unknown value v, so:

20 + 50
- a Vv

625 = >

Rearranging to find v:

625 x 2
70

17.89 ms™’

Alternatively you could calculate the area using the left triangle, the middle square and
the right triangle, ie

20w 10v
Area = —5 + 20w + 5
625 = 10v + 20v  + 5w

Rearranging to find v:

625
35

17.9 ms?

Here you need to calculate the area of the trapezoid, which will give you the distance:

Area = % » ED

= 1750 m

Again, altematively you could calculate the area using the left triangle, the middle
square and the right triangle.
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6.0 ms!
Answer between 21 and 24 m (count the number of squares under the line).
c. Use your answer from part b:

Fw

Total distance

Average speed =
Total time

For example,

21
= 28ms
15
Or
24
= 3.2ms?
7.5
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PART B - Exam questions

Task 9 - Motion questions (GCSE recap)

1 A caris travelling along a level road.

a The car travels at constant velocity. It covers 250 m in 40 s. Calculate the
average velocity during this time.

(2 marks)
b The car now accelerates in a straight line.
Its average acceleration is 12 m/s?.
Calculate the increase in velocity of the car in 4.0 s.
(3 marks)
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2 The graph shows a velocity-time graph for a cyclist over a time of 60 s.

18
12
velocity /
m/s
6
0 T T T T T 1 1
0 10 20 30 40 50 60 70

a i When is the cyclist travelling with greatest velocity?
Place a cross (&) in the box next to your answer.

A for the first 15 seconds ]
B between 15 and 40 seconds ]
C between 40 and 50 seconds ]
D for the last 10 seconds ]

(1 mark)

ii Calculate how long the cyclist is stationary for in seconds.

(1 mark)

iii Calculate how far the cyclist travels in metres during the first 40 seconds.

(1 mark)
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b A different cyclist accelerates for 8 s. During this time they accelerate from 3 m/s
to 14.2 m/s.

Calculate the acceleration during this time.

(3 marks)

3 A water tank drips water.

a Scientists could use four quantities to describe the movement of the water drops.
Three of these quantities are vectors.
The other quantity is a scalar.

acceleration force mass velocity

i Complete the sentence by putting a cross (&) in the box next to your answer.

The scalar quantity is...

A acceleration ]
B force ]
C mass ]
D velocity ]
(1 mark)
ii State any vector quantity not listed above.
(1 mark)
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iii Complete the following sentence using one of the quantities from the word
box above.

In a vacuum, all bodies falling towards the Earth's surface have the same

(1 mark)
b The mass of one water drop is 0.00008 kg.
Calculate its weight in Newtons.
(Gravitational field strength is 10 N/kg)
(2 marks)
¢ The water drop falls to the ground, 13 m below, in 1.7 5.
Calculate the average speed in m/s of the drop while it is falling.
(2 marks)

d Assuming the droplet starts at rest calculate the velocity just before it hits the
ground. Ignore air resistance.

(g = 10m/s?)

(3 marks)
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4 The graph shows how the velocity of a small car changes with time.

204

velocity / | [
i i
m/s 15- i I
| |
i i
104 | I
I I
1 |
5- : I
I I
| |

0 T T : T i 1

0 2 4 f B 10

time /' s

a Use the graph to estimate the velocity of the car at three seconds.

(1 mark)
b Calculate the acceleration in my/s? of the car when it is speeding up.
(2 marks)
¢ Explain why the units of acceleration are m,)s?.
(2 marks)

d Show that the car travels further at a constant velocity than it does when it is
showing down.

{3 marks)
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Answers to Task 9 - Motion questions
1

a The car travels at constant velocity. It covers 250 m in 40's. Calculate the

average velocity during this time.

t 40

b The car now accelerates in a straight line
Its average acceleration is 12 m/s?.

Calculate the increase in velocity of the car in 4.0s.
= NV
Use D
v

AV = & Ab

= /12 x 4O = 4/—%/\4/5

2ai

When is the cyclist travelling with greatest velocity?
Place a cross (®) in the box next to your answer.

A for the first 15 seconds O
B between 15 and 40 seconds [E]/-
C between 40 and 50 seconds [
D for the last 10 seconds O

ii Calculate how long the cyclist is stationary for in seconds.

60O—50 = |ps

(1 mark)
ili Calculate how far the cyclist travels in metres during the first 40 seconds.
(JQ&!S’> _;_(,9_,(2{;)
2
A0 + 300 = 290 s,
(1 mark)
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b A different cyclist accelerates for 8 s. During this time they accelerate from 3 m/s
to 14.2m/s.

Calculate the acceleration during this time.

lse @& = AU
&
P 2o B = |-L}_m{5”'
2

(3 marks)

3a.

I Complete the sentence by putting a cross (=)

in the box next to your answer,
The scalar quantity is...

A acceleration

B force

O
O

C mass G/
O

D velocity

(1 mark)

ii  State any vector quantity not listed above,

C—_g- drslp.’ammtnb
Mmomeéent u
NoT 'wegnt W s o force

(1 mark)
iii Complete the following sentence using one of the quantities from the word
box above.

In a vacuum, all bodies falling towards the Earth's surface have the same
accele cat 1pa,

’a
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b A different cyclist accelerates for 8 s. During this time they accelerate from 3 m/s

to 14.2 m/s.
Calculate the acceleration during this time.
Use a = AU

&€

2
Yy 2 — 3 — I'Li-m[s
3

(3 marks)

c The water drop falls to the ground, 13 m below, in 1.7 s.

Calculate the average speed in m/s of the drop while it is falling.

\r:_:j__":'_ |3 ::}-émfg
v 17

(2 marks)

d Assuming the droplet starts at rest calculate the velocity just before it hits the
ground. Ignore air resistance.

(g = 10m/s?)
"% T
U=0, So a “—“—-}i
&
vV =alb = 6&5 = [Ox | F# ‘—‘f:r‘;w/g

(3 marks)
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4.

a Use the graph to estimate the velocity of the car at three seconds.

0 4P [s (Dr‘a,.w lkate o Qrufab»)
(1 mark)
b Calculate the acceleration in m/s2 of the car when it is speeding up.
a= 84 = VY-l = Bo-p » 4,M(51
AL t &
(2 marks)
c Explain why the units of acceleration are m/s2,
meties s second per second
(m(s)/« = mfs?
(2 marks)

d Show that the car travels further at a constant velocity than it does when it is
slowing down.

Arcar vnder gueph mefliod .
At corstot U @ = 20x 3=60m .

St@,\)o;lﬂ C(CIAD'Li Cl = QOXZ = XK pry
2.

(3 marks)
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Task 10 - Electric circuits questions (GCSE recap)

1 Some students investigate the electrical resistance of different oomponents using this

CirCuit.

supply

_varlable resistor

-

component I:ueiing irvestigated
Is conmected here

a Which row of the table is correct for both meters P and Q7
Place a crass ([E) in the bosx mexi to your answer.

meter P is meter Q is
A [] |an ammeter an ammeter
B [| |anammeter a voltmeter
c [] |avoltmeter a voltmeter
p [ ]| |awvoltmeter an ammeter

b One of the components being investigated is a 12 ohm resistor.
¥When it is in the circwit, the ammeter reading is 0.50 A.

Caloulate the woltmeter reading.

www.physicstutoronline.co.uk
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¢ The students reduce the resistance of the variable resistor.

State what happens to the readings on each of the meters P and Q. Explain what
happens to P,

(2 marks)
d The students then reduce the woltage of the power supply.
State what happens to the current in the circuwit.
(1 mark)
2 & The dizgram shows an electrc circuit with two resistors, R and 5.
(-
| |
-\-H'"I
050 A A
®
040 A
R
L
5
i B has a resistance of 11 ohms.
Calculate the potential difference across R.
(2 marks)
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il Use information from the dizgram to calculate the current in 5.

(1 mark)

ili Calculate the resistance of 5.

(2 marks)
b Complete the sentence by putting a cross (=) in the box next bo your answer.

A student wanks to measure the battery voltage with a voltrmetar.
The woltmetar showld be placed...

A in series with the battery |
B in parallel with the battery |
C in parallel with the ammeter |
D in series with either resistor Rar 5[]
(1 mark)
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3 The diagram shows an electric circult with three resistors, By Rz and Ra.

@ | Fihas a resistance of 5 ohms, The current Aowing in it is 2A,
Calculate the potential difference across Ri.

{2 marks)

il State the voltage provided by the battery

(1 miark)
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B | The resistance of Bzis 10 ohms and Bs is 4 ahms. Calculate the combined
resistance of Ri, Rz and Rsin this arrangement.

{4 marks)

il Calculate the current being produced by the battery.

(2 marks)
¢ Calculate the current flowing in:

i Rz

(3 marks for | and il combined)
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Answers to Task 10 - Electric Circuits questions

1.

a  Which row of the table is cor

rect for both meters p and Q?
Place a cross (&) in the box

next to your answer.

—
meter P is meter Q is
A O an ammeter an ammeter
B B/ an ammeter a voltmeter
C [ |avoltmeter a voltmeter
D [J |avoltmeter an ammeter
(1 mark)
b One of the components being investigated is a 12 ohm resistor.
When it is in the circuit, the ammeter reading is 0.50 A,
Calculate the voltmeter reading.
Use V=1 x R
(S0 %I = b O
(2 marks)

€ The students reduce the resistance of

State what ha
happens to P,

Eeachhcj N ammeter P Increa se g
loted  cereumt rogstoun e decreg seg :r)(rcusinq Cubrent F’Am

Readivig on Voltmeler (3 1Cred se

the variable resistor.
PPens to the readings on each of the meters P and Q. Explain what

(2 marks)
d  The students then reduce the voltage of the power supply.
State what happens to the current in the circuit.
(6 reduces
(1 mark)
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2a.

I R has a resistance of 11 chms.
Calculate the potential difference across R.

V=1xR
= 040 x || = W wV

(2 marks)

il Use information from the diagram to calculate the current in S.

I—s = 0-60-0-4-O
= 020 A
(1 mark)

ili Calculate the resistance of S.

V oacvss S = 4 &V (@”ﬂ"" 9”0‘7>
R=V - 4 < @4 .5

P

T 02

(2 marks)

A in series with the battery O
B in parallel with the battery [3/-
C in parallel with the ammeter Ed
D in series with either resistor Ror S [ ]

www.physicstutoronline.co.uk



http://www.physicstutoronline.co.uk/

Physics Tutor Online
N

a | R has a resistance of 5 ohms. The current flowing in it is 2A.

Calculate the potential difference across R;.

V=1IxR = 2x5 =10V

(2 marks)

ii State the voltage provided by the battery

|0V

(1 mark)

The resistance of Rz is 10 ohms and Rs is 4 ohms. Calculate the combined
resistance of Ry, Rz and Rsin this arrangement.

) - | A & <|OOL( this wp i
/ / + / oL > >
Ry R, Ry Rz nok mek before )
J M e
< "o &
'/ = O F 0 +O-25:O-§§
K-

(4 marks)
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ji Calculate the current being produced by the battery.

IT=¥ = 10V = BE5R
S | ¥ .a

(2 marks)
Calculate the current flowing in:
o =X T2=VY = 10 =1A
e 10

i R 13:,_\4_/'_:#—"}0 = 254,
Rz

Ll.a

(3 marks for i and ii combined)
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Data sheet

Quantity

speed of light in vacuo
permeability of free
space

permittivity of free
space

magnitude of the
charge of electron

the Planck constant
gravitational constant
the Avogadro constant
electron rest mass
proton rest mass

neutron rest mass

gravitational field
strength

acceleration due 1o
gravity

atomic mass unit

mass of the Sun

mean radius of the Sun

mass of the Earth

mean radius of the
Earth

Symbol

Ho

Na

Me

Mn

Value

3.00 = 10

4m x 107

B.85 = 1012

1.60 = 10-1#

6.63 = 10-

6.67 = 10-1:

6.02 = 1022

9.11 = 10-2

LA7(3) = 107

LA7(5) = 10-

9.81

9.81

1.661 = 10-7

1.99 = 1030

6.96 = 10#

5.98 = 104

6.37 = 108

www.physicstutoronline.co.uk

Units

m 5-1

H m-!

F m-1

Is
lekg-z

miol-?

N kg!

m 52
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