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You should answer ALL the questions in this booklet.

For each numerical answer, full working must be shown. The answer should be given with an SI unit to 
an appropriate number of significant figures.

For each ‘describe’ or ‘explain’ question, the answer should be written or drawn clearly with all logic fully 
explained.

If you need more space for any answer, use the page(s) provided at the back of this booklet and clearly 
number the question.
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Identify or describe aspects 
of phenomena, concepts or 
principles.

Give descriptions or explanations 
in terms of phenomena, 
concepts, principles and / or 
relationships.

Give explanations that show 
clear understanding in terms of 
phenomena, concepts, principles 
and / or relationships.

Solve straightforward problems. Solve problems. Solve complex problems.
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You are advised to spend 35 minutes answering the questions in this booklet.

All formulae are provided in the separate Resource Booklet L3-PHYSR.

QUESTION ONE:  ATOMIC SPECTRA
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http://upload.wikimedia.org/wikipedia/commons/b/b2/Hydrogen_transitions.svg

(a)	 The	above	diagram	illustrates	the	Bohr	model	of	the	hydrogen	atom.

	 (i)	 Explain	what	the	circles	and	lines	represent.	

	 	 Circles

	 	 Lines

	 (ii)	 Explain	how	this	model	explains	emission	line	spectra	and	absorption	line	spectra	
caused	by	hydrogen.	

	 	 Emission	line	spectra

	 	 Absorption	line	spectra
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(b)	 The	line	between	n	=	5	and	n	=	2	is	labelled	434	nm	(4.34	×	10–7	m).	

	 Show	that	this	is	correct	for	a	hydrogen	atom.

(c)	 Calculate	the	energy	of	a	hydrogen	atom	in	its	ground	state.	

	 Express	your	answer	in	eV.	

	 energy	=

(d)	 Light	caused	by	a	transition	between	the	n	=	2	and	n	=	1	levels	is	shone	on	to	the	surface	of	
magnesium,	causing	emission	of	electrons.	Magnesium	has	a	work	function	of	3.66	eV.		

	 Calculate	the	maximum	kinetic	energy	of	the	emitted	electrons,	in	joules.

	 maximum	kinetic	energy	=
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QUESTION TWO:  LIGHT AND ELECTRON MICROSCOPES

Most	microscopes	use	light	(photons)	to	form	an	
image.	

(a)	 The	details	seen	with	a	light	microscope	are	
limited	by	diffraction.	Light	microscopes	
cannot	image	details	that	are	smaller	than	the	
wavelength	of	the	light	which	is	being	used.	

	

	 Calculate	the	size	of	the	smallest	details	that	
can	be	seen	with	visible	light	photons	of	
energy	4.97	×	10–19	J.

	 size	of	smallest	details	=

(b)	 Describe	and	explain	one	piece	of	experimental	evidence	which	shows	that	light	is	not	simply	
a	wave,	but	that	it	also	has	a	particle	nature.	

Image	of	pollen	grain,	taken	with	a	light	microscope.
http://www.hitachi.com/environment/showcase/speco_
technique/miniscope/03.html

For copyright reasons, 
this resource cannot be 

reproduced here.
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Some	microscopes	form	an	image	using	electrons	
rather	than	light.	Electron	microscopes	illuminate	
the	specimen	with	an	“electron	gun”,	rather	than	a	
lamp.

(c)	 In	an	electron	microscope	the	electron	gun	
accelerates	electrons	through	a	potential	
difference	of	10	kV.	

	 Calculate	the	kinetic	energy	gained	by	an	
electron	crossing	this	potential	difference.	

	 State	your	answer	in	joules.

	 kinetic	energy	=

(d)	 When	the	electrons	hit	a	sample,	they	may	excite	the	atoms	they	hit	and	cause	X-ray	photons	
to	be	emitted.	

	 Calculate	the	minimum	voltage	needed	in	the	electron	gun	to	produce	electrons	with	sufficient	
energy	to	cause	emission	of	X-rays	from	oxygen	atoms,	with	a	wavelength	of	2.36	×	10–9	m.	

	 State	any	assumptions	you	make.

	 minimum	voltage	=

	 Assumptions:

Image	of	pollen	grain,	taken	with	an	electron	
microscope.
http://www.hitachi.com/environment/showcase/speco_
technique/miniscope/03.html

For copyright reasons, 
this resource cannot be 

reproduced here.
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QUESTION THREE:  RADIOACTIVE DECAY

The	Earth’s	interior	is	heated	by	radioactive	decay.	One	of	the	nuclei	which	is	responsible	is	a	
potassium	isotope,	K-40.	This	has	several	possible	decay	routes,	one	of	which	is:	

	 19

40

20

40

1

0
K Ca→ + +−

−e ve

This	reaction	occurs	spontaneously	in	the	K-40.	The	energy	released	by	the	mass	deficit	in	one	
event	is	2.1	×	10–13	J.

Masses	are	as	follows:	

Nucleus	of	K-40
19

40
K 66.34446	×	10–27	kg

Nucleus	of	Ca-40
20

40
Ca 66.34121	×	10–27	kg

electron −1
0e 0.000911	×	10–27	kg

antineutrino ve
− zero

(a)	 Use	the	information	above	to	calculate	the	mass	deficit	for	the	nuclear	reaction	shown,	and	
hence	show	that	the	energy	released	by	this	mass	is	2.1	×	10–13	J.

(b)	 Explain	which	nucleus	has	the	greatest	binding	energy	per	nucleon.	

	 Your	answer	should	include	an	explanation	of	the	term	binding	energy.		
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(c)	 Gamma	rays	with	a	wavelength	of	8.5	×	10–13	m	are	also	emitted	from	K-40.	

	 Show	that	they	cannot	come	from	this	reaction.
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