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Speed of light in materials

Material Speed in m s−1

Air  3·0 × 108

Carbon dioxide  3·0 × 108

Diamond  1·2 × 108

Glass  2·0 × 108

Glycerol  2·1 × 108

Water  2·3 × 108

Gravitational field strengths

Gravitational field strength 
on the surface in N kg−1

Earth  9·8
Jupiter  23

Mars  3·7

Mercury  3·7

Moon  1·6

Neptune  11

Saturn  9·0

Sun  270

Uranus 8·7
Venus  8·9

Specific latent heat of fusion of materials

Material
Specific latent heat 
of fusion in J kg−1

Alcohol  0·99 × 105

Aluminium  3·95 × 105

Carbon Dioxide  1·80 × 105

Copper  2·05 × 105

Iron  2·67 × 105

Lead  0·25 × 105

Water  3·34 × 105

Specific latent heat of vaporisation of materials

Material
Specific latent heat of 
vaporisation in J kg−1

Alcohol  11·2 × 105

Carbon Dioxide  3·77 × 105

Glycerol  8·30 × 105

Turpentine  2·90 × 105

Water  22·6 × 105

Speed of sound in materials

Material Speed in m s−1

Aluminium  5200
Air  340

Bone  4100

Carbon dioxide  270

Glycerol  1900

Muscle  1600

Steel  5200

Tissue  1500
Water  1500

Specific heat capacity of materials

Material
Specific heat capacity in 

J kg−1 °C−1

Alcohol  2350
Aluminium  902

Copper  386

Glass  500

Ice  2100

Iron  480

Lead  128

Oil  2130
Water  4180

Melting and boiling points of materials

Material Melting point 
in °C

Boiling point 
in °C

Alcohol  −98  65
Aluminium  660  2470

Copper  1077  2567

Glycerol  18  290

Lead  328  1737
Iron  1537  2737

Radiation weighting factors

Type of radiation Radiation 
weighting factor

alpha  20
beta  1

fast neutrons  10

gamma  1

slow neutrons  3
X-rays  1

DATA SHEET
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SECTION 1 

Attempt ALL questions

 1. A cyclist is travelling along a straight road. The graph shows how the velocity of the cyclist 
varies with time. 

0

R

T

P

Q

S

velocity

time

The kinetic energy of the cyclist is greatest at 

A P 

B Q 

C R 

D S 

E T.

 2. A circuit is set up as shown.

+ –

A2

A1

12 V

The reading on ammeter A1 is 5·0 A. The reading on ammeter A2 is 2·0 A.

The charge passing through the lamp in 30 seconds is

A 0·1 C

B 10 C

C 60 C

D 90 C

E 150 C.

[Turn over
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 3. A lamp is connected to a constant voltage power supply. The power supply is switched on.

The graph shows how the current in the lamp varies with time.

0∙550∙450∙350∙250∙150 0∙05

0∙4

time (s)

current (A)

0∙2

Which row in the table shows what happens to the current and resistance of the lamp 
between 0·05 s and 0·45 s?

Current Resistance

A decreases increases

B decreases stays the same

C stays the same decreases

D increases decreases

E increases increases

 4. A circuit is set up as shown.

R2

R1

M

The purpose of the transistor is to

A supply energy to the circuit

B decrease the voltage across R1

C change electrical energy to kinetic energy

D supply energy to the motor

E switch on the motor.
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 5. Five students each carry out an experiment to determine the specific heat capacity of 
copper. The setup used by each student is shown.

copper  
block

copper  
block

copper  
block

copper  
block

copper  
block

thermometer

thermometer

thermometer

thermometer

thermometer

immersion  
heater

immersion  
heater

immersion  
heater

immersion  
heater

immersion  
heater

power 
supply

power 
supply

power 
supply

power 
supply

power 
supply

insulation

insulation

Student 2Student 1

Student 5

Student 4Student 3

The student with the setup that would allow the most accurate value for the specific heat 
capacity of copper to be determined is 

A student 1

B student 2

C student 3

D student 4

E student 5.

[Turn over
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 6. The mass of a spacecraft is 1200 kg.

The spacecraft lands on the surface of a planet.

The gravitational field strength on the surface of the planet is 5·0 N kg-1.

The spacecraft rests on three pads. The total area of the three pads is 1·5 m2.

The pressure exerted by these pads on the surface of the planet is

A 1·2 × 104 Pa

B 9·0 × 103 Pa

C 7·8 × 103 Pa

D 4·0 × 103 Pa 

E 8·0 × 102 Pa.

 7. A solid is heated from -15 °C to 60 °C. The temperature change of the solid is

A  45 K 

B  75 K

C 258 K 

D 318 K

E 348 K.

 8. A student makes the following statements about waves.

 I In a transverse wave, the particles vibrate parallel to the direction of travel of the wave.

 II Light waves and water waves are both transverse waves.

 III Sound waves are longitudinal waves.

Which of these statements is/are correct?

A I only

B II only

C III only

D I and II only

E II and III only
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 9. The diagram represents a wave travelling from X to Y.

2∙6 m

12 m

YX

The wave travels from X to Y in a time of 0·5 s.

Which row in the table shows the amplitude, wavelength and frequency of this wave?

Amplitude (m) Wavelength (m) Frequency (Hz)

A 1·3 1·5  2·0

B 2·6 1·5  24

C 1·3 3·0  8·0

D 2·6 3·0  8·0

E 1·3 3·0  24

 10. A microwave signal is transmitted by a radar station. 

The signal is reflected from an aeroplane.

The aeroplane is at a height of 30 km directly above the radar station.

The time between the signal being transmitted and the reflected signal being received back 
at the radar station is

A 5 × 10-5 s

B 1 × 10-4 s

C 2 × 10-4 s

D 5 × 103 s

E 1 × 104 s.

[Turn over
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 11. A member of the electromagnetic spectrum has a shorter wavelength than visible light and a 
lower frequency than X-rays. This type of radiation is

A gamma 

B ultraviolet 

C infrared 

D microwaves

E radio waves.

 12. The diagram shows the path of a ray of red light as it passes from air into a glass block.

S
R

P
Q

glassair

Which row in the table shows the angle of incidence and the angle of refraction?

Angle of incidence Angle of refraction

A Q S

B S Q

C P R

D R P

E Q R
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 13. A sample of tissue is exposed to 15 µGy of alpha radiation and 20 µGy of gamma radiation.

The total equivalent dose received by the tissue is

A  35 µSv

B 320 µSv

C 415 µSv

D 700 µSv

E 735 µSv.

 14. Two forces act on an object as shown.

40 N

30 N
North

not to scale

The resultant force acting on the object is

A 50 N at a bearing of 053

B 50 N at a bearing of 143

C 50 N at a bearing of 217

D 50 N at a bearing of 233

E 50 N at a bearing of 323.

[Turn over
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 15. The graph shows how the velocity v of an object varies with time t.

t

v

0

The graph could represent the motion of

A a ball falling freely downwards

B a rocket accelerating upwards

C a ball thrown into the air then falling back to Earth

D a ball falling to Earth from rest then rebounding upwards again

E a car slowing to a halt then accelerating in the same direction.
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 16. A trolley is released from rest at point X and moves with constant acceleration on a slope as 
shown. 

trolleycomputer

light gates

Y

X

The computer displays the acceleration and average velocity of the trolley between the light 
gates.

The trolley is now released from rest at point Y.

Which row in the table shows how the acceleration and average velocity compare with the 
previous results obtained?

Acceleration Average velocity

A  less same

B same same

C greater greater

D  less less

E same less

[Turn over
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 17. A rocket accelerates vertically upwards from the surface of the Earth. 

An identical rocket accelerates vertically upwards from the surface of Mars. 

The engine thrust from each rocket is the same. 

Which row in the table shows how the weight of the rocket and the unbalanced force acting 
on the rocket compares on Mars and Earth?

Weight on Mars compared to 
weight on Earth

Unbalanced force on Mars compared 
to unbalanced force on Earth

A greater greater

B same same

C same less

D less greater

E  less less
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 18. A satellite is in a circular orbit around a planet.

planet

satellite

A group of students make the following statements about the satellite.

 I The greater the altitude of a satellite the shorter its orbital period.

 II The satellite has a constant vertical acceleration.

 III As the satellite orbits the planet, its vertical velocity increases.

Which of these statements is/are correct?

A I only

B II only

C III only

D I and II only

E II and III only

 19. A heater transfers energy to boiling water at the rate of 1130 joules every second.

The maximum mass of water converted to steam in 2 minutes is

A 1·0 × 10-3 kg

B 6·0 × 10-2 kg

C 0·41 kg

D 17 kg

E 32 kg.

[Turn over for next question
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 20. Light from stars can be split into line spectra of different colours.

The line spectra from three stars, X, Y and Z, are shown, along with the line spectra of the 
elements helium and hydrogen.

star Y

star X

star Z

hydrogen

helium

Hydrogen and helium are both present in 

A star X only

B star Y only

C stars X and Y only

D stars X and Z only

E stars X, Y and Z.

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF 
YOUR QUESTION AND ANSWER BOOKLET]
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The questions for Section 1 are contained in the question paper X757/75/02.

Read these and record your answers on the answer grid on Page 03 opposite.

Use blue or black ink. Do NOT use gel pens or pencil.

 1. The answer to each question is either A, B, C, D or E. Decide what your answer is, then fill 
in the appropriate bubble (see sample question below).

 2. There is only one correct answer to each question.

 3. Any rough work must be written in the additional space for answers and rough work at the 
end of this booklet.

 Sample Question

The energy unit measured by the electricity meter in your home is the:

A ampere

B kilowatt-hour

C watt

D coulomb

E volt.

The correct answer is B — kilowatt-hour. The answer B bubble has been clearly filled in 
(see below).

A B C D E

Changing an answer

If you decide to change your answer, cancel your first answer by putting a cross through it (see 
below) and fill in the answer you want. The answer below has been changed to D.

A B C D E

If you then decide to change back to an answer you have already scored out, put a tick (3) to the 
right of the answer you want, as shown below:

A B C D E

    or    

A B C D E

SECTION 1 — 20 marks
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A B C D E

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

 11

 12

 13

 14

 15

 16

 17

 18

 19

 20

SECTION 1 — Answer Grid

[Turn over
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SECTION 2 — 90 marks

Attempt ALL questions

 1. The rating plate on a food blender is shown.

50 Hz

290 W

230 V a.c.

Model: FB67P

(a) The plugs on all modern electrical appliances in the UK are fitted with 
fuses rated at either 3 A or 13 A.

 (i) Draw the circuit symbol for a fuse.

 (ii) State the purpose of the fuse fitted in the plug of an appliance.

 (iii) Determine the rating of the fuse fitted in the plug of the blender.

Justify your answer by calculation.

Space for working and answer

1

1

4
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 1. (continued)

(b) The blender is connected to an alternating current (a.c.) supply.

Explain in terms of electron flow what is meant by alternating current. 1

[Turn over
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 2. A student sets up the following circuit.

M

25∙0 Ω

35∙0 Ω

12∙0 V

15∙0 Ω

S2

S1

(a) The student closes switch S1.

 (i) Calculate the voltage across the motor.

Space for working and answer

 (ii) Calculate the power dissipated in the motor.

Space for working and answer

4

3
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 2. (continued)

(b) The student now also closes switch S2.

 (i) Calculate the combined resistance of the two resistors.

Space for working and answer

 (ii) State the effect that closing switch S2 has on the power dissipated 
in the motor.

Justify your answer.

3

3

[Turn over
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 3. A bicycle pump with a sealed outlet contains 4·0 × 10−4 m3 of air.

The air inside the pump is at an initial pressure of 1·0 × 105 Pa.

The piston of the pump is now pushed slowly inwards until the volume of air 
in the pump is 1·6 × 10−4 m3 as shown.

initial position
of pistonsealed 

outlet

final position
of piston

During this time the temperature of the air in the pump remains constant.

(a) Calculate the final pressure of the air inside the pump.

Space for working and answer

(b) Using the kinetic model, explain what happens to the pressure of the air 
inside the pump as its volume decreases.

3

3
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 3. (continued)

(c) The piston is now released, allowing it to move outwards towards its 
original position.

During this time the temperature of the air in the pump remains constant.

Using the axes provided, sketch a graph to show how the pressure of the 
air in the pump varies as its volume increases. 

Numerical values are not required on either axis.

(An additional diagram, if required, can be found on Page 28)

2

[Turn over
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 4. A student observes water waves entering a harbour.

(a) To determine the frequency of the waves, the student measures the time 
taken for a wave to pass a point at the harbour entrance.

The student measures this time to be 2·5 s

 (i) Calculate the frequency of the waves.

Space for working and answer

 (ii) Suggest how the accuracy of the frequency determined by the 
student could be improved.

3

1
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 4. (continued)

(b) The distance between one wave crest and the next crest is 8·0 m.

Calculate the velocity of the waves.

Space for working and answer

(c) Waves travel towards the entrance of the harbour as shown.

direction of travel of waves

view from above

harbour wall harbour wall

wave crests

Complete the diagram to show the pattern of wave crests inside the 
harbour.

(An additional diagram, if required, can be found on Page 28)

(d) As the waves pass into the harbour the student observes that the 
amplitude of the waves decreases.

Explain this observation.

3

2

1

[Turn over
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 5. Alpha, beta and gamma are types of nuclear radiation, which have a range of 
properties and effects.

Using your knowledge of physics, comment on the similarities and/or 
differences between these types of nuclear radiation. 3

[Turn over
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 6. A technician uses the apparatus shown to investigate the effect of shielding 
gamma radiation with lead.

gamma
source

lead
absorber

ratemeter Geiger-Müller
tube

Gamma radiation passing through a lead absorber is detected by a Geiger-
Müller tube. The count rate is displayed on the ratemeter.

The count rates for a range of different thicknesses of lead absorber are 
recorded.

Using these results the technician produces a graph of corrected count rate 
against thickness of lead absorber as shown.

129 11107 8

co
rr

ec
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d 
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te

 (c
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pe
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m
in

ut
e)

thickness of lead absorber (mm)

5 631 2 4
0

700

600

500

400

300

200

100

0

(a) State what additional measurement the technician must have made in 
order to determine the corrected count rate. 1
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 6. (continued)

(b) The half-value thickness of a material is the thickness of material 
required to reduce the corrected count rate from a source by half.

 (i) Using the graph, determine the half-value thickness of lead for this 
source of gamma radiation.

 (ii) Determine the thickness of lead required to reduce the corrected 
count rate to one eighth of its initial value.

Space for working and answer

 (iii) The technician suggests repeating the experiment with aluminium 
absorbers instead of lead absorbers.

Predict how the half-value thickness of aluminium would compare 
to the half-value thickness of lead for this source.

(c) When working with the radioactive source the technician is exposed to 
an equivalent dose rate of 2·5 × 10−6 Sv h−1.

The annual equivalent dose limit for the technician is 20 mSv. 

Calculate the maximum number of hours the technician may work with 
this source without exceeding this limit.

Space for working and answer

1

2

1

3

[Turn over
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 7. Nuclear reactions are used to generate electrical energy in a nuclear power 
station.

(a) The fuel for the power station is in the form of pellets, containing 
uranium-235.

A fuel pellet has an activity of 80 kBq.

State what is meant by an activity of 80 kBq.

(b) In a nuclear reaction a uranium-235 nucleus is split by a neutron to 
produce two smaller nuclei, three neutrons, and energy.

neutron

uranium-235 nucleus

+ energy

1
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 7. (b) (continued)

 (i) Explain how a single reaction can lead to the continuous 
generation of energy.

 (ii) One nuclear reaction releases 3·2 × 10−11 J.

In the reactor, 3·0 × 1021 reactions occur each minute.

Determine the maximum power output of the reactor.

Space for working and answer

(c) The nuclear reactor produces waste that emits nuclear radiation.

State a use of nuclear radiation.

2

4

1

[Turn over
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 8. In speedway, motorbikes are raced anticlockwise round an oval track.

sta
rtfin

ish

A race consists of four laps of a 380 m track.

(a) State the displacement of a motorbike from the start line to the finish 
line for a complete race.

(b) The speed-time graph of a motorbike for the first 8·0 s of a race is 
shown.

speed
(m s−1)

time (s)

8∙07∙06∙05∙04∙03∙02∙01∙0
0

30

25

15

20

5

10

0

1
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 8. (b) (continued)

 (i) Calculate the distance travelled by the motorbike in the first 4·0 s 
of the race.

Space for working and answer

 (ii) Determine the greatest acceleration of the motorbike during the 
first 8·0 s of the race.

Space for working and answer

(c) The winner of the race completes all four laps in a time of 79 s. 

Calculate the average speed of the winner.

Space for working and answer

3

3

3

[Turn over
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 9. A weightlifter applies an upwards force of 1176 N to a barbell to hold it in a 
stationary position as shown.

(a) Describe how the upward force exerted by the weightlifter on the barbell 
compares to the weight of the barbell. 

(b) Calculate the mass of the barbell.

Space for working and answer

(c) The weightlifter increases the upward force on the barbell to 1344 N in 
order to lift the barbell above their head.

Calculate the initial acceleration of the barbell.

Space for working and answer

1

3

4
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 10. An articulated lorry has six pairs of wheels.

One pair of wheels can be raised off the ground.

Using your knowledge of physics, comment on situations in which the wheels 
may be raised or lowered. 3

[Turn over



*X757750124*
Page 24

MARKS DO NOT 
WRITE IN 

THIS 
MARGIN

 11. A tennis player serves a tennis ball horizontally at a velocity of 42 m s−1.

42 m s−1

The effects of air resistance are negligible.

(a) State which of the following graphs P, Q or R shows the vertical velocity 
of the ball after it leaves the player’s racquet.

Graph R
0 0 0

Graph Q
timetimetime

ve
lo

ci
ty

ve
lo

ci
ty

ve
lo

ci
ty

Graph P

Graph:

(b) In a second serve the player hits the ball horizontally with a smaller 
velocity from the same height.

State whether the time taken for the ball to reach the ground is less 
than, equal to, or greater than the time taken in the first serve. 

Justify your answer.

1

2
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 11. (continued)

(c) The tennis court has a retractable roof to allow play to continue in all 
weather conditions.

It requires 5·5 kJ of energy to move one section of the roof a distance of 
25 m.

Calculate the average force acting on this section of the roof while it is 
being moved.

Space for working and answer

3

[Turn over for next question
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 12. The star Wolf 359 is at a distance of 7·8 light-years from Earth.

A radio signal from Wolf 359 is detected by a radio telescope on Earth.

(a)  (i) State the speed of the radio waves.

 (ii) Calculate the distance, in metres, from Wolf 359 to Earth. 

Space for working and answer

(b) Another telescope is used to observe the same star in the visible part of 
the spectrum.

 (i) State a suitable detector of visible light that may be used in this 
telescope.

 (ii) State whether the time taken for the visible light from the star to 
reach Earth is less than, equal to, or greater than the time taken for 
the radio waves from the star to reach Earth.

[END OF QUESTION PAPER]

1

3

1

1
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ADDITIONAL SPACE FOR ANSWERS AND ROUGH WORKING

Additional diagram for Q3 (c)

Additional diagram for Q4 (c)

direction of travel of waves

view from above

harbour wall harbour wall

wave crests
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Additional Relationships

Circle

Sphere

Trigonometry

circumference 2πr=

2area πr=

2area 4πr=

34
3volume πr=

sin opposite
hypotenuse

θ =

cos adjacent
hypotenuse

θ =

tan opposite
adjacent

θ =

sin cos2 2 1θ θ+ =
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Electron Arrangem
ents of Elem

ents
G

roup 1
G

roup 2
G

roup 3
G

roup 4
G

roup 5
G

roup 6
G

roup 7
G

roup 0

(1)
(18)

1H1

H
ydrogen

Key
Atom

ic num
ber

Sym
bol

Electron arrangem
ent 

N
am

e

2H
e2

H
elium

(13)
(14)

(15)
(16)

(17)
(2)

3Li
2,1

Lithium

4Be2,2

Beryllium

5B2,3

Boron

6C2,4

Carbon

7N2,5

N
itrogen

8O2,6

O
xygen

9F2,7

Fluorine

10

N
e

2,8

N
eon

11

N
a

2,8,1

Sodium

12

M
g

2,8,2

M
agnesium

Transition Elem
ents

13Al
2,8,3

Alum
inium

14Si
2,8,4

Silicon

15P2,8,5

Phosphorus

16S
2,8,6

Sulfur

17Cl
2,8,7

Chlorine

18

Ar
2,8,8

Argon
(3)

(4)
(5)

(6)
(7)

(8)
(9)

(10)
(11)

(12)

19K
2,8,8,1

Potassium

20

Ca
2,8,8,2

Calcium

21Sc
2,8,9,2

Scandium

22Ti
2,8,10,2

Titanium

23V
2,8,11,2

Vanadium

24

Cr
2,8,13,1

Chrom
ium

25

M
n

2,8,13,2

M
anganese

26

Fe
2,8,14,2

Iron

27

Co
2,8,15,2

Cobalt

28N
i

2,8,16,2

N
ickel

29

Cu
2,8,18,1

Copper

30

Zn
2,8,18,2

Zinc

31

G
a

2,8,18,3

G
allium

32

G
e

2,8,18,4

G
erm

anium

33

As
2,8,18,5

Arsenic

34

Se
2,8,18,6

Selenium

35

Br
2,8,18,7

Brom
ine

36

Kr
2,8,18,8

Krypton

37

Rb
2,8,18,8,1

Rubidium

38Sr
2,8,18,8,2

Strontium

39Y
2,8,18,9,2

Yttrium

40Zr
2,8,18,

10,2
Zirconium

41

N
b

2,8,18,
12,1

N
iobium

42

M
o

2,8,18,13,
1

M
olybdenum

43Tc
2,8,18,13,

2
Technetium

44

Ru
2,8,18,15,

1
Ruthenium

45

Rh
2,8,18,16,

1
Rhodium

46

Pd
2,8,18,

18,0
Palladium

47

Ag
2,8,18,

18,1
Silver

48

Cd
2,8,18,

18,2
Cadm

ium

49In
2,8,18,

18,3
Indium

50

Sn
2,8,18,

18,4
Tin

51

Sb
2,8,18,

18,5
Antim

ony

52

Te
2,8,18,

18,6
Tellurium

53I
2,8,18,

18,7
Iodine

54

Xe
2,8,18,

18,8
Xenon

55

Cs
2,8,18,18,

8,1
Caesium

56

Ba
2,8,18,18,

8,2
Barium

57

La
2,8,18,18,

9,2
Lanthanum

72

H
f

2,8,18,32,
10,2

H
afnium

73

Ta
2,8,18,
32,11,2
Tantalum

74W
2,8,18,32,

12,2
Tungsten

75

Re
2,8,18,32,

13,2
Rhenium

76

O
s

2,8,18,32,
14,2

O
sm

ium

77Ir
2,8,18,32,

15,2
Iridium

78Pt
2,8,18,32,

17,1
Platinum

79

Au
2,8,18,
32,18,1

G
old

80

H
g

2,8,18,
32,18,2
M

ercury

81Tl
2,8,18,
32,18,3
Thallium

82

Pb
2,8,18,
32,18,4

Lead

83Bi
2,8,18,
32,18,5
Bism

uth

84

Po
2,8,18,
32,18,6
Polonium

85

At
2,8,18,
32,18,7
Astatine

86

Rn
2,8,18,
32,18,8
Radon

87Fr
2,8,18,32,

18,8,1
Francium

88

Ra
2,8,18,32,

18,8,2
Radium

89

Ac
2,8,18,32,

18,9,2
Actinium

104

Rf
2,8,18,32,

32,10,2
Rutherfordium

105

D
b

2,8,18,32,
32,11,2
D

ubnium

106

Sg
2,8,18,32,

32,12,2
Seaborgium

107

Bh
2,8,18,32,

32,13,2
Bohrium

108

H
s

2,8,18,32,
32,14,2
H

assium

109

M
t

2,8,18,32,
32,15,2

M
eitnerium

110

D
s

2,8,18,32,
32,17,1

Darm
stadtium

111

Rg
2,8,18,32,

32,18,1
Roentgenium

112

Cn
2,8,18,32,

32,18,2
Copernicium

57

La
2,8,18,
18,9,2

Lanthanum

58

Ce
2,8,18,
20,8,2
Cerium

59Pr
2,8,18,21,

8,2
Praseodym

ium

60

N
d

2,8,18,22,
8,2

N
eodym

ium

61

Pm
2,8,18,23,

8,2
Prom

ethium

62

Sm
2,8,18,24,

8,2
Sam

arium

63

Eu
2,8,18,25,

8,2
Europium

64

G
d

2,8,18,25,
9,2

G
adolinium

65

Tb
2,8,18,27,

8,2
Terbium

66

D
y

2,8,18,28,
8,2

D
ysprosium

67

H
o

2,8,18,29,
8,2

H
olm

ium

68Er
2,8,18,30,

8,2
Erbium

69

Tm
2,8,18,31,

8,2
Thulium

70

Yb
2,8,18,32,

8,2
Ytterbium

71

Lu
2,8,18,32,

9,2
Lutetium

89

Ac
2,8,18,32,

18,9,2
Actinium

90

Th
2,8,18,32,

18,10,2
Thorium

91

Pa
2,8,18,32,

20,9,2
Protactinium

92U
2,8,18,32,

21,9,2
U

ranium

93

N
p

2,8,18,32,
22,9,2

N
eptunium

94

Pu
2,8,18,32,

24,8,2
Plutonium

95

Am
2,8,18,32,

25,8,2
Am

ericium

96

Cm
2,8,18,32,

25,9,2
Curium

97

Bk
2,8,18,32,

27,8,2
Berkelium

98Cf
2,8,18,32,

28,8,2
Californium

99Es
2,8,18,32,

29,8,2
Einsteinium

100

Fm
2,8,18,32,

30,8,2
Ferm

ium

101

M
d

2,8,18,32,
31,8,2

M
endelevium

102

N
o

2,8,18,32,
32,8,2

N
obelium

103

Lr
2,8,18,32,

32,9,2
Law

rencium

Lanthanides

Actinides


