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Instructions

 Use black ink or ball-point pen.
 Fill in the boxes at the top of this page with your name,  

 centre number and candidate number.
 Answer all questions.
 Answer the questions in the spaces provided  

 – there may be more space than you need.

Information
 The total mark for this paper is 80. 
 The marks for each question are shown in brackets

 – use this as a guide as to how much time to spend on each question.
 Questions labelled with an asterisk (*) are ones where the quality of your  

 written communication will be assessed 
  – you should take particular care with your spelling, punctuation and grammar, 

as well as the clarity of expression, on these questions.
  The list of data, formulae and relationships is printed at the end of this booklet.
  Candidates may use a scientific calculator.

Advice

 Read each question carefully before you start to answer it.
 Keep an eye on the time.
 Try to answer every question.
 Check your answers if you have time at the end.
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4	 Į�&HQWDXUL	LV	RQH	RI	WKH	QHDUHVW	VWDUV	WR	RXU	6XQ�		7KH	VXUIDFH	WHPSHUDWXUHV	RI	WKHVH	WZR	
VWDUV	DUH	DERXW	WKH	VDPH�		Į�&HQWDXUL	KDV	D	2��	JUHDWHU	GLDPHWHU	WKDQ	WKH	6XQ�

	 7KH	UDWLR	RI	WKH	OXPLQRVLW\	RI	Į�&HQWDXUL	WR	WKH	OXPLQRVLW\	RI	WKH	6XQ	LV	DERXW

  A ��2

  B 1.4

  C 1.7

  D 2��

(Total for Question 4 = 1 mark)

5	 6FLHQWLVWV	FDQQRW	EH	VXUH	ZKDW	WKHLU	FXUUHQW	PRGHOV	SUHGLFW	IRU	WKH	XOWLPDWH	IDWH	RI	WKH	
universe because

  A RI	WKH	PDWWHU�DQWLPDWWHU	DV\PPHWU\�

  B the average density of the universe is uncertain.

  C the Big Bang is just a theory.

  D the nature of dark matter is unknown.

(Total for Question 5 = 1 mark)

6 When measuring the count rate from a radioactive source it is usual to also measure the 
background count rate.

 The background count rate must be

  A as large as possible for an accurate experiment.

  B measured when the source is in place.

  C recorded for the same time as the count rate.

  D subtracted from the count rate measured from the source.

(Total for Question 6 = 1 mark)

2

*S45370A0228*

SECTION A

Answer ALL questions.

For questions 1–10, in Section A, select one answer from A to D and put a cross in the box . 
If you change your mind, put a line through the box  and then 

mark your new answer with a cross .

1 A mass is bouncing on the end of a vertical spring.  Its motion will be simple harmonic if 
the spring

  A can store energy.

  B has elasticity.

  C is hung vertically.

  D obeys Hooke’s law.

(Total for Question 1 = 1 mark)

2 When energy is supplied to a substance, changes in the average molecular kinetic energy 
(Ek) and the average molecular potential energy (Ep) can occur.

 When energy is supplied to an ideal gas

  A both Ek and Ep increase.

  B Ek may increase.

  C Ep may increase.

  D Ek increases but Ep decreases.

(Total for Question 2 = 1 mark)

3 The force between two masses and the force between two charges can be modelled in a 
similar way, using gravitational and electric fields.  A difference between these models is that

  A an electric field is always a radial field.

  B an electric field is always the stronger field.

  C a gravitational field cannot be shielded.

  D a gravitational field extends over an infinite range.

(Total for Question 3 = 1 mark)

PMT
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4	 Į�&HQWDXUL	LV	RQH	RI	WKH	QHDUHVW	VWDUV	WR	RXU	6XQ�		7KH	VXUIDFH	WHPSHUDWXUHV	RI	WKHVH	WZR	
VWDUV	DUH	DERXW	WKH	VDPH�		Į�&HQWDXUL	KDV	D	2��	JUHDWHU	GLDPHWHU	WKDQ	WKH	6XQ�

	 7KH	UDWLR	RI	WKH	OXPLQRVLW\	RI	Į�&HQWDXUL	WR	WKH	OXPLQRVLW\	RI	WKH	6XQ	LV	DERXW

  A ��2

  B 1.4

  C 1.7

  D 2��

(Total for Question 4 = 1 mark)

5	 6FLHQWLVWV	FDQQRW	EH	VXUH	ZKDW	WKHLU	FXUUHQW	PRGHOV	SUHGLFW	IRU	WKH	XOWLPDWH	IDWH	RI	WKH	
universe because

  A RI	WKH	PDWWHU�DQWLPDWWHU	DV\PPHWU\�

  B the average density of the universe is uncertain.

  C the Big Bang is just a theory.

  D the nature of dark matter is unknown.

(Total for Question 5 = 1 mark)

6 When measuring the count rate from a radioactive source it is usual to also measure the 
background count rate.

 The background count rate must be

  A as large as possible for an accurate experiment.

  B measured when the source is in place.

  C recorded for the same time as the count rate.

  D subtracted from the count rate measured from the source.

(Total for Question 6 = 1 mark)
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Questions 9 and 10 refer to the graphs below.

9 For an object undergoing simple harmonic motion select the graph that represents the 
variation of kinetic energy with displacement.

  A

  B

  C

  D

(Total for Question 9 = 1 mark)

10 For an object undergoing simple harmonic motion select the graph that represents the 
variation of the total energy with displacement.

  A

  B

  C

  D

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A = 10 MARkS

Displacement
A

Displacement
B

Displacement
C

Displacement
D

4

*S45370A0428*

7 Air is a mixture of mostly nitrogen and oxygen molecules.  The mass of an oxygen 
molecule is slightly greater than the mass of a nitrogen molecule.

 On average, in a sample of air at a given temperature

  A the nitrogen and oxygen molecules have the same speed.

  B the nitrogen molecules are travelling more slowly than the oxygen molecules.

  C the oxygen molecules are travelling more slowly than the nitrogen molecules.

  D the molecules have relative speeds that depend upon the amount of each gas 
present.

(Total for Question 7 = 1 mark)

8 A lamp consists of a filament in a vacuum.  Under normal working conditions the 
ILODPHQW	KDV	D	WHPSHUDWXUH	RI	����	.�		$	VLPLODU	ILODPHQW	ODPS	WKDW	LV	JDV�ILOOHG	KDV	D	
ILODPHQW	WHPSHUDWXUH	RI	�2��	.�

 The ratio of the wavelength at which maximum intensity of radiation is emitted by the 
YDFXXP	ODPS	WR	WKDW	IRU	WKH	JDV�ILOOHG	ODPS	LV

  A ��2

  B 1:1

  C 2��

  D 16:1

(Total for Question 8 = 1 mark)
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Questions 9 and 10 refer to the graphs below.

9 For an object undergoing simple harmonic motion select the graph that represents the 
variation of kinetic energy with displacement.

  A

  B

  C

  D

(Total for Question 9 = 1 mark)

10 For an object undergoing simple harmonic motion select the graph that represents the 
variation of the total energy with displacement.

  A

  B

  C

  D

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A = 10 MARkS

Displacement
A

Displacement
B

Displacement
C

Displacement
D
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12	 7KH	KHDWLQJ	HOHPHQW	RI	DQ	HOHFWULF	VKRZHU	KDV	D	SRZHU	RI	���	N:�

	 (D�	 7KH	VKRZHU	LV	RSHUDWHG	IURP	D	2��	9	PDLQV	VXSSO\�

	 	 &DOFXODWH	WKH	UHVLVWDQFH	RI	WKH	KHDWLQJ	HOHPHQW�
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Resistance =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (E�	:DWHU	HQWHUV	WKH	VKRZHU	DW	D	WHPSHUDWXUH	RI	���	�&�

	 	 &DOFXODWH	WKH	ZDWHU	IORZ	UDWH	UHTXLUHG	WR	JLYH	DQ	RXWSXW	WHPSHUDWXUH	RI	����	�&�

	 	 VSHFLILF	KHDW	FDSDFLW\	RI	ZDWHU	 	�2��	-	NJ–1	.–1
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Flow rate  = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 12 = 5 marks)

6
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SECTION B

Answer ALL questions in the spaces provided.

11 The diagram shows part of the hydrogen line spectra obtained for radiation emitted from 
hydrogen in the laboratory and received from hydrogen in a distant galaxy.

 The lines in the distant galaxy spectrum are all shifted in wavelength compared to the 
lines in the laboratory spectrum.

	 6WDWH	ZK\	WKH	OLQHV	DUH	VKLIWHG	DQG	ZKDW	ZH	FDQ	FRQFOXGH	DERXW	WKLV	GLVWDQW	JDOD[\�
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(Total for Question 11 = 2 marks)

��� ���
/DERUDWRU\	6SHFWUXP

��� ���
'LVWDQW	*DOD[\	6SHFWUXP

wavelength/nm

wavelength/nm
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	 (E�	)RU	DQ	HIILFLHQW	HQHUJ\	WUDQVIHU	SHQGXOXP	&	PXVW	EH	DW	UHVW	ZKHQ	SHQGXOXP	;	KDV	
its maximum kinetic energy.  The graph below shows how the displacement of 
pendulum X varies with time.

  Mark a point P on this graph showing an instant when pendulum X has a maximum 
NLQHWLF	HQHUJ\�	DQG	DGG	D	FXUYH	WR	VKRZ	KRZ	WKH	GLVSODFHPHQW	RI	SHQGXOXP	&	YDULHV	
over the same time interval.

(2)

(Total for Question 13 = 5 marks)

Displacement

Time�

8

*S45370A0828*

13 The diagram shows a number of pendulums hanging from a single thread.  Pendulum X 
has a heavy lead sphere as the bob and the others have low mass bobs.  When X is set 
into motion energy is transferred to the others which all begin to oscillate.
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*S45370A01128* Turn over     

15	 ,Q	WKH	��WK	FHQWXU\	+HQU\	&DYHQGLVK	GHYLVHG	DQ	H[SHULPHQW	WR	GHWHUPLQH	WKH	DYHUDJH	
density of the Earth.  This involved the first laboratory determination of the universal 
gravitational constant G.

 A light horizontal rod with a small metal sphere at each end was hung from a fixed point 
by a very thin wire.  Two large lead spheres were then brought close to the small spheres 
FDXVLQJ	WKH	URG	WR	RVFLOODWH	DQG	WKHQ	VHWWOH	LQWR	D	QHZ	SRVLWLRQ	RI	HTXLOLEULXP�

 (a) In a modern version of the experiment the following data was obtained:

  mass of large lead sphere M	 	���	NJ

  mass of small sphere m	 	����	NJ

  distance r	 	��2�	P

  gravitational force between adjacent large and small spheres F	 	���	î	��–7 N.

  Use this data to calculate a value for G.
(2)
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14* Parallax measurements are used to determine the distance to nearby stars, but this  
method is unsuitable for more distant objects.

 Outline how parallax measurements are used to determine the distance to nearby stars 
and explain how the use of a standard candle enables the distance to more distant objects 
to be determined.

(6)
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*S45370A01128* Turn over     

15	 ,Q	WKH	��WK	FHQWXU\	+HQU\	&DYHQGLVK	GHYLVHG	DQ	H[SHULPHQW	WR	GHWHUPLQH	WKH	DYHUDJH	
density of the Earth.  This involved the first laboratory determination of the universal 
gravitational constant G.

 A light horizontal rod with a small metal sphere at each end was hung from a fixed point 
by a very thin wire.  Two large lead spheres were then brought close to the small spheres 
FDXVLQJ	WKH	URG	WR	RVFLOODWH	DQG	WKHQ	VHWWOH	LQWR	D	QHZ	SRVLWLRQ	RI	HTXLOLEULXP�

 (a) In a modern version of the experiment the following data was obtained:

  mass of large lead sphere M	 	���	NJ

  mass of small sphere m	 	����	NJ

  distance r	 	��2�	P

  gravitational force between adjacent large and small spheres F	 	���	î	��–7 N.

  Use this data to calculate a value for G.
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  (ii) The amplitude of the oscillation decreases with each cycle.

   Explain why this effect is observed.
(2)
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  (iii) It is suggested that the decrease in amplitude is exponential.  Use the graph to 
determine if this is approximately true.
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 (b) The graph shows how the displacement of one of the small spheres varies with time.

  (i) Use the graph to determine the period of oscillation of the sphere.
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determine if this is approximately true.
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 (b) Theory suggests that, for the air trapped in the tube, the pressure p is inversely 
proportional to the volume V.
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16 A student uses the apparatus shown to investigate the relationship between pressure and 
volume of a gas.

 $LU	LV	WUDSSHG	LQ	D	JODVV	WXEH	RI	XQLIRUP	FURVV�VHFWLRQDO	DUHD�		$V	WKH	SUHVVXUH	RI	WKH	
trapped air is increased, the length of trapped air decreases.  The student collects data and 
plots the following graph.
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 (b) Theory suggests that, for the air trapped in the tube, the pressure p is inversely 
proportional to the volume V.
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 (c) On the day that the investigation was carried out, the temperature in the laboratory 
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  (i) the air molecules in the tube were replaced by the same number of molecules of 
hydrogen gas.
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  (ii) the temperature of the laboratory was substantially higher.
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	 7KH	+HUW]VSUXQJ�5XVVHOO	GLDJUDP	PDSV	WKH	IXWXUH	HYROXWLRQ	RI	WKH	6XQ�	IURP	LWV	FXUUHQW	
position in area 1 of the diagram, through to its final position in area 3 of the diagram.

	 (D�	 (L�	 &RPSOHWH	D	VXLWDEOH	WHPSHUDWXUH	VFDOH	RQ	WKH	[�D[LV�
(2)
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  (ii) In a star the fusion of hydrogen into helium takes place in a number of stages.  
The final stage is:

3
2He  +  3

2+H		ĺ		42+H		�		2		î		
1
1H

	 	 	 &DOFXODWH	WKH	HQHUJ\	UHOHDVHG	LQ	0H9	ZKHQ	RQH	QXFOHXV	RI	WKH	QRUPDO	LVRWRSH	RI	
helium is produced.

(4)

Isotope Mass / 10–27 kg
3He �����2��
4He 6.646483
1H 1.673534
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18 On 1st 1RYHPEHU	2����	WKH	IRUPHU	5XVVLDQ	VS\	$OH[DQGHU	/LWYLQHQNR	IHOO	LOO�		7ZHQW\	
RQH	GD\V	ODWHU	KH	GLHG	IURP	WKH	UDGLDWLRQ	HIIHFWV	RI	SRORQLXP�2���		([SHUWV	VXJJHVW	WKDW	
DV	OLWWOH	DV	����	ȝJ	RI	SRORQLXP�2��	ZRXOG	EH	HQRXJK	WR	NLOO�	DOWKRXJK	0U	/LWYLQHQNR¶V	
death was linked to a much larger dose of the radioactive isotope.  Traces of the isotope 
were later found in washrooms at five locations around London visited by the Russian.

	 3RORQLXP�2��	KDV	D	KDOI	OLIH	RI	���	GD\V�

	 (D�	 (L�	 ,Q	D	����	ȝJ	VDPSOH	RI	SRORQLXP�2��	WKHUH	DUH	2���	î	��15 atoms of polonium.  
6KRZ	WKDW	WKH	GHFD\	FRQVWDQW	IRU	SRORQLXP�2��	LV	DERXW	�	î	��–8 s–1, and  
hence calculate the activity of a sample of this size.
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Unit 2 

Waves

 Wave speed Y� �IȜ

 Refractive index 1ȝ2 = sin i /sin r = v1/v2

Electricity

 Potential difference V = W/Q

 Resistance R = V/I

 Electrical power, energy and  P = VI
 efficiency P = I 2R
  P = V 2/R
  W = VIt
  

�	HIILFLHQF\	 
useful energy output

î	���
total energy input

�	HIILFLHQF\	 
useful power output

î	���
total power input

 Resistivity� 5� �ρO �$

 &XUUHQW I = ǻQ/ǻt
  I = nqvA

 Resistors in series R = R1 + R2 + R3

 Resistors in parallel 
1 1 1 1

1 2 3R R R R
= + +

Quantum physics

 Photon model E = hf

 Einstein’s photoelectric  hf = o/ + ½mv2
max

	 HTXDWLRQ

24

*S45370A02428*

List of data, formulae and relationships

Acceleration of free fall  g	 	���� P V±2 (close to Earth’s surface)

Boltzmann constant  k  	����	î��í2�	-	.í�

&RXORPE¶V	ODZ	FRQVWDQW		 	k = 1/4ʌİ�
    	����	î	��� N m2	&±2

Electron charge  e	 	±����	î	��±��&

Electron mass                                     me	 	����	î	��
–31 kg

(OHFWURQYROW																																						� H9	 	����	î	��±�� -

Gravitational constant   G  	����	î	��í�� N m2 kgí2

Gravitational field strength                 g	 	���� 1 NJ–1 (close to Earth’s surface)

3HUPLWWLYLW\	RI	IUHH	VSDFH		 	İ�	 	����	î	��
í�2 F mí�

Planck constant                               h	 	����	î	��–34- V

Proton mass   mp	 	����	î	��
í2� kg

6SHHG	RI	OLJKW	LQ	D	YDFXXP	 	 c	 	����	î	��8 m s–1

6WHIDQ�%ROW]PDQQ	FRQVWDQW		 	ı	 	����	î	��–8 W m±2	.–4

Unified atomic mass unit   u  	����	î	��±2� kg

Unit 1

Mechanics

	 .LQHPDWLF	HTXDWLRQV	RI	PRWLRQ	 v = u + at
  s = ut + ½at2
  v2 = u2 + 2as

 Forces ȈF = ma
  g = F/m
  W = mg

 :RUN	DQG	HQHUJ\	 ǻW = Fǻs
  Ek = ½mv2

  ǻEgrav = mgǻh

Materials

	 6WRNHV¶	ODZ	 F	 	��ȘUY

 Hooke’s law F = kǻx

 Density� ρ� �P�9

 Pressure p = F/A

 Young modulus� (� �ı�İ where
	 	 6WUHVV	ı�= F/A
  6WUDLQ�İ� �ǻx/x

 Elastic strain energy Eel = ½Fǻx
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Waves

 Wave speed Y� �IȜ

 Refractive index 1ȝ2 = sin i /sin r = v1/v2
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 Potential difference V = W/Q
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 Electrical power, energy and  P = VI
 efficiency P = I 2R
  P = V 2/R
  W = VIt
  

�	HIILFLHQF\	 
useful energy output
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�	HIILFLHQF\	 
useful power output
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total power input
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 &XUUHQW I = ǻQ/ǻt
  I = nqvA

 Resistors in series R = R1 + R2 + R3

 Resistors in parallel 
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= + +

Quantum physics

 Photon model E = hf

 Einstein’s photoelectric  hf = o/ + ½mv2
max

	 HTXDWLRQ
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Unit 5

Energy and matter

	 +HDWLQJ	 ǻE = mcǻθ

 Molecular kinetic theory ½m¢c2² = ³/²kT

 ,GHDO	JDV	HTXDWLRQ	 pV = NkT

Nuclear Physics

 Radioactive decay dN/dt  	±ȜN

  Ȝ = OQ 2�t½

  N = N�e
±Ȝt

Mechanics

 6LPSOH	KDUPRQLF	PRWLRQ	 D� �±Ȧ2x
� � D� �±$Ȧ2cosȦW
  Y� �±$Ȧ sinȦW
  x = A cosȦW
  T = 1/ f = 2��Ȧ

 Gravitational force F = Gm1m2/r2

Observing the universe

 Radiant energy flux F = L/��d 2

 6WHIDQ�%ROW]PDQQ	ODZ	 L = ıT 4A 
  L = ��r2ıT 4

	 :LHQ¶V	/DZ	 ȜmaxT  	2����	î	��–3	P	.

 Redshift of electromagnetic  
 radiation z = ǻȜ�Ȝ	§	ǻ f / f 	§	v/c

 &RVPRORJLFDO	H[SDQVLRQ v = H�d

26

*S45370A02628*

Unit 4

Mechanics

 Momentum p = mv

 .LQHWLF	HQHUJ\	RI	D	 
	 QRQ�UHODWLYLVWLF	SDUWLFOH Ek = p2�2m

 Motion in a circle Y� �ȦU
  T = 2��Ȧ
  F = ma = mv2/r
  a = v2/r
� � D� �UȦ2

Fields

	 &RXORPE¶V	ODZ	 F = kQ1Q2/r
2 where k = ����İ�

 Electric field E = F/Q 
  E = kQ/r2 
  E = V/d

 &DSDFLWDQFH	 C = Q/V

 Energy stored in capacitor W = ½QV

 &DSDFLWRU	GLVFKDUJH Q = Q�e
–t/RC

 In a magnetic field F = BIl sin�θ 
  F = Bqv sin�θ 
  r = p/BQ

 Faraday’s and Lenz’s Laws İ = –d(No/ )/dt

Particle physics

	 0DVV�HQHUJ\	 ǻE = c2	ǻm

 de Broglie wavelength Ȝ = h/p

PMT



Pearson Edexcel International © Pearson Education Limited 2013 Sample Assessment Materials 
Advanced Level in Physics

169
27

*S45370A02728*

Unit 5

Energy and matter

	 +HDWLQJ	 ǻE = mcǻθ

 Molecular kinetic theory ½m¢c2² = ³/²kT

 ,GHDO	JDV	HTXDWLRQ	 pV = NkT

Nuclear Physics

 Radioactive decay dN/dt  	±ȜN

  Ȝ = OQ 2�t½

  N = N�e
±Ȝt

Mechanics

 6LPSOH	KDUPRQLF	PRWLRQ	 D� �±Ȧ2x
� � D� �±$Ȧ2cosȦW
  Y� �±$Ȧ sinȦW
  x = A cosȦW
  T = 1/ f = 2��Ȧ

 Gravitational force F = Gm1m2/r2

Observing the universe

 Radiant energy flux F = L/��d 2

 6WHIDQ�%ROW]PDQQ	ODZ	 L = ıT 4A 
  L = ��r2ıT 4

	 :LHQ¶V	/DZ	 ȜmaxT  	2����	î	��–3	P	.

 Redshift of electromagnetic  
 radiation z = ǻȜ�Ȝ	§	ǻ f / f 	§	v/c

 &RVPRORJLFDO	H[SDQVLRQ v = H�d
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