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General Marking Guidance  
  
  

                     All candidates m ust  receive the sam e 
t reatm ent .  Exam iners m ust  m ark the first  candidate in exact ly 
the sam e way as they m ark the last . 

            Mark schem es should be applied posit ively. Candidates 
m ust  be rewarded for what  they have shown they can do rather 
than penalised for om issions. 

                     Exam iners should m ark according to the m ark schem e 
not  according to their  percept ion of where the grade boundaries 
m ay lie. 

                     There is no ceiling on achievem ent . All m arks on the 
m ark schem e should be used appropriately. 

            All the m arks on the m ark schem e are designed to be 
awarded. Exam iners should always award full m arks if deserved, 
i.e. if the answer m atches the m ark schem e.  Exam iners should 
also be prepared to award zero m arks if the candidate’s response 
is not  worthy of credit  according to the m ark schem e. 

             Where som e judgem ent  is required, m ark schem es will 
provide the pr inciples by which m arks will be awarded and 
exem plificat ion m ay be lim ited. 

                     When exam iners are in doubt  regarding the applicat ion 
of the m ark schem e to a candidate’s response, the team  leader 
m ust  be consulted. 

                     Crossed out  work should be m arked UNLESS the 
candidate has replaced it  with an alternat ive response. 

   



 

Quality of Written Communication 

 

Quest ions which involve the writ ing of cont inuous prose will expect  candidates to: 
  write legibly, with accurate use of spelling, grammar and punctuat ion in order to 
make the meaning clear   select  and use a form and style of writ ing appropriate to purpose and to complex  
subj ect  mat ter   organise informat ion clearly and coherent ly, using specialist  vocabulary when 
appropriate. 

  
Full marks will be awarded if  the candidate has demonst rated the above abilit ies. 
Quest ions where QWC is likely to be part icularly important  are indicated (QWC) in the 
mark scheme, but  this does not  preclude others.  

 



 

Mark scheme notes 
 
Underlying principle 
 
The mark scheme will clearly indicate the concept  that  is being rewarded, backed up by 
examples. It  is not  a set  of model answers. 
 
For example: 
 

 (iii) Horizontal force of hinge on table top 
 
66.3 (N) or 66 (N) and correct  indicat ion of direct ion [no ue] 
[Some examples of direct ion: act ing from right  (to left ) /  to the left  /  West  
/  opposite direct ion to horizontal.  May show direct ion by arrow. Do not  
accept  a minus sign in front  of number as direct ion.]  

 
 
 
 
 

 
 
1 
 
 

   
This has a clear statement  of the principle for awarding the mark, supported by some examples 
il lust rat ing acceptable boundaries. 
 
1. Mark scheme format 

1.1 You will not  see ‘ wt te’  (words to that  effect ).  Alternat ive correct  wording should be 
credited in every answer unless the ms has specif ied specif ic words that  must  be 
present . Such words will be indicated by underlining e.g. ‘ resonance’  

1.2 Bold lower case will be used for emphasis. 
1.3 Round brackets ( ) indicate words that  are not  essent ial e.g. “ (hence) distance is 

increased” .  
1.4 Square brackets [ ]  indicate advice to examiners or examples e.g. [Do not  accept  

gravity] [ecf].  
 
2. Unit error penalties 

2.1 A separate mark is not  usually given for a unit  but  a missing or incorrect  unit  will 
normally mean that  the f inal calculat ion mark will not  be awarded.   

2.2 Incorrect  use of case e.g. ‘ Wat t ’  or ‘ w’  will not be penalised. 
2.3 There will be no unit  penalty applied in ‘ show that ’  quest ions or in any other quest ion 

where the units to be used have been given, for example in a spreadsheet .    
2.4 The same missing or incorrect  unit  will not  be penalised more than once within one 

quest ion (one clip in epen). 
2.5 Occasionally, it  may be decided not  to penalise a missing or incorrect  unit  e.g. the 

candidate may be calculat ing the gradient  of  a graph, result ing in a unit  that  is not  
one that  should be known and is complex.  

2.6 The mark scheme will indicate if  no unit  error penalty is to be applied by means of 
[no ue].    

 
3. Significant figures 

3.1 Use of an inappropriate number of signif icant  f igures in the theory papers will 
normally only be penalised in ‘ show that ’  quest ions where use of too few signif icant  
f igures has resulted in the candidate not  demonst rat ing the validity of the given 
answer.  

3.2 The use of g = 10 m s-2 or 10 N kg-1 instead of 9.81 m s-2 or 9.81 N kg-1 will be 
penalised by one mark (but  not  more than once per clip). Accept  9.8 m s-2 or 9.8 N kg-

1 



 

4. Calculations 
4.1 Bald (i.e. no working shown) correct  answers score full marks unless in a ‘ show that ’  

quest ion. 
4.2 If  a ‘ show that ’  quest ion is worth 2 marks then both marks will be available for a 

reverse working; if  it  is worth 3 marks then only 2 will be available. 
4.3 use of the formula means that  the candidate demonst rates subst itut ion of physically 

correct  values, although there may be conversion errors e.g. power of 10 error. 
4.4 recall of the correct  formula will be awarded when the formula is seen or implied by 

subst itut ion. 
4.5 The mark scheme will show a correct ly worked answer for il lust rat ion only. 
4.6 Example of mark scheme for a calculat ion: 

 
‘ Show that ’  calculat ion of weight  
 
Use of L × W × H  
 
Subst itut ion into density equat ion with a volume and density  
 
Correct  answer [49.4 (N)] to at  least  3 sig f ig. [No ue] 
[ If  5040 g rounded to 5000 g or 5 kg, do not  give 3rd mark; if  conversion to kg 
is omit ted and then answer fudged, do not  give 3rd mark] 
[Bald answer scores 0, reverse calculat ion 2/ 3] 
 
Example of answer: 
 
80 cm × 50 cm × 1.8 cm  = 7200 cm3 
 
7200 cm3  × 0.70 g cm-3  = 5040 g 
 
5040 × 10-3 kg × 9.81 N/ kg 
 
= 49.4 N 

 
 
 
 
 
 
 
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5. Quality of Written Communication 

5.1 Indicated by QoWC in mark scheme. QWC – Work must  be clear and organised in a 
logical manner using technical wording where appropriate. 

5.2 Usually it  is part  of a max mark, the f inal mark not  being awarded unless the QoWC 
condit ion has been sat isf ied. 

 
6. Graphs 

6.1 A mark given for axes requires both axes to be labelled with quant it ies and units, and 
drawn the correct  way round. 

6.2 Somet imes a separate mark will be given for units or for each axis if  the units are 
complex.  This will be indicated on the mark scheme. 

6.3 A mark given for choosing a scale requires that  the chosen scale allows all points to 
be plot ted, spreads plot ted points over more than half  of each axis and is not  an 
awkward scale e.g. mult iples of 3, 7 etc. 

6.4 Points should be plot ted to within 1 mm.  Check the two points furthest  from the best  line.  If  both OK award mark.  If  either is 2 mm out  do not  award mark.  If  both are 1 mm out  do not  award mark.  If  either is 1 mm out  then check another two and award mark if  both of these 
OK, otherwise no mark. 

6.5 For a line mark there must  be a thin cont inuous line which is the best -f it  l ine for the 
candidate’ s results.   

  



 

 
Question 

Number 

Answer Mark 

1 D 1 
2 B 1 
3 B 1 
4 A 1 
5 B 1 
6 A 1 
7 B 1 
8 C 1 
9 D 1 
10 B 1 

 

 

 

 

Question 

Number 

Answer  Mark 

11(a) Use of Ek= eV and ܧ௞ ൌ ଶ݌ ʹ݉⁄  

Use of λ = 
௛௣ 

λ = 2.2 × 10−11 (m) 

 
Or 
 

Use of Ek= eV and ܧ௞ ൌ ଵଶ݉ݒଶ  

Use of λ= 
௛௣  

λ = 2.2 × 10−11 (m) 

 

 

Example of calculation 

v=ටଶൈଷ଴଴଴	୚	ൈ	ଵ.଺ൈଵ଴షభవ	େଽ.ଵଵൈଵ଴షయభ	୩୥  = 3.2 × 107 m s-1 

 

λ = 	 ଺.଺ଷൈଵ଴షయర	୎	ୱଽ.ଵଵൈଵ଴షయభ୩୥	ൈ	ଷ.ଶൈଵ଴ళ୫	ୱషభ ൌ ʹ.ʹͶ ൈ ͳͲିଵଵ m 

 

(1) 
(1) 
(1) 

 
 
 
 

(1) 
(1) 

 
(1) 
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11(b) Compares λ to atomic gap spacing and makes comment consistent 

with their answer to (a)  

 

 
(1)  

1 
 Total for question 11  4 

 

  



 

 

 

Question 

Number 

Answer  Mark 

12(a) Photon causes no ionisation 

 

(1) 
1 

12(b)  
The ejected electron has higher speed/momentum 

Refers to ݎ ൌ ݒ݉ ⁄ܳܤ  so r  is bigger 

 
(1) 
(1) 

 

 
 
2 

12(c) Charge before collision = 0 Or  identifies that both photon and 

hydrogen are neutral 

 

Identifies that after collision hydrogen charge = +1 and electron charge 

= -1 (×2) and positron charge = +1  

(do not accept an electron position pair is neutral) 

 
(1) 

 
 

(1) 

 
 
 
 
2 

12(d) Either 
The velocity/Ek of the ionised hydrogen atom is very small (accept  

negligible or zero) after collision Or  it is stationary 
(Compared to other particles in the interaction) the hydrogen atom has 

a large mass 

 

Or 
The interaction is with the atomic electron not the nucleus 

so the nucleus doesn't move 

 

 
 

(1) 
 

(1) 
 
 

(1) 
(1) 

 
 
 
 
 
 
 
 
2 

 Total for question 12  7 
 

 

  



 

 

 

Question 

Number 

Answer  Mark 

13(a) Increasing d will lead to a decrease in C Or see Q/V = k/d 

 

Since C = Q/V (a decrease in C) means a decrease in the charge on the 

capacitor 

Or  if V is constant (a decrease in C) means a decrease in charge on 

capacitor 
 

(1) 
 
 
 
 

(1) 

 
 
 
 
 
2 

13(b) Use of C = k/d with d = 4.2 (mm) 

use of  Q = CV with V = 6 V  or cancelled later  

use of ∆Q/Q  or ∆C/C 

% change = 17%  

 
Example of calculation 

 

 ܳ ൌ ଺	୚	ൈ	ଶ.଼ൈଵ଴షభఱ	୊	୫ଷ.ହൈଵ଴షయ	୫  = 4.8×10-12 C ܳ ൌ ଺	୚	ൈ	ଶ.଼ൈଵ଴షభఱ	୊	୫ସ.ଶൈଵ଴షయ	୫  = 4.0×10-12 C 

 ସ.଼ൈଵ଴షభమ	େ	ି	ସ.଴ൈଵ଴షభమ	େସ.଼ൈଵ଴షభమ େ  ൌ16.7%              
          

(1) 
(1) 
(1) 
(1) 

 

 
 
 
4 

13(c) (rapid changes in position) mean that rapid changes in Q  

Or a shorter time to charge/discharge 

 

(small C gives) shorter time constant/RC  

 
(1) 

 
(1) 

 
 
 
2 

 Total for question 13  8 
 

  



 

 

Question 

Number 

Answer  Mark 

*14(a)(i) (QWC – work must be clear and organised in a logical manner 
using technical terminology where appropriate) 
 

Measure the mass of each glider 

Measure the length of the card 

Recognise the time (for the card) to pass the light gate 

Calculate the velocity using length (of card)/time  

Recognise the need to show that m1v1 = (m1+m2)v  

Or  the equivalent description in words 

 

 
 
 

(1) 
(1) 
(1) 
(1) 

 
(1) 

 
 
 
 
 
 
 
 
5 

14(a)(ii)  
Law of conservation of momentum only applies when no external 

forces act 

 

Friction would be an external force 

 Or  Friction would alter/affect the velocities (immediately before and 

after the collision) 

Or there is time between the readings during which friction acts 
 

 

 

 
 

(1) 
 
 
 
 

(1) 
 
 
 

 
 
 
 
 
 
 
2 

14(b)(i) Use of p=mv to determine momentum before and after collision 

v = 0.50 m s−1 
 

Example of calculation 

v =	൫଴.ହ଴	୩୥	ൈ	଴.ଽ଴	୫	ୱషభ൯ି൫଴.ହ଴	୩୥	ൈ	଴.ଶ଴	୫	ୱషభ	൯଴.଻଴	୩୥  ൌ	0.50 m s−1 

 

  

 

(1) 
(1) 

 

 
2 
 

14(b)(ii) Ek before collision = 0.20 J 

Ek after collision = 0.10 J hence inelastic collision (ecf from (b)(i) 
 

(correct calculation of energy difference = 0.1 J and conclusion scores 

both marks) 

 

Example of calculation 
Before  

Ek=
ଵଶ×0.50 kg × (0.90 m	sିଵሻ2 = 0.20 (J) 

After  

Ek=ቀଵଶ ൈ Ͳ.ͷͲ	kg	 ൈ ሺͲ.ʹͲ	m	sିଵሻଶቁ ൅ ቀଵଶ ൈ Ͳ.͹Ͳ	kg	 ൈ ሺͲ.ͷͲ	m	sିଵሻଶቁ ൌ Ͳ.Ͳͻͺ (J) 

 

 

(1) 
(1) 

 
 

 
2 

 Total for question 14  11 
 

  



 

 

15(a)(i) (Magnetic) flux linkage 
Weber /Wb (accept T m2 ) 

 

(1) 
(1)  

2 
15(a)(ii) The (induced) e.m.f is such as to oppose the change creating it 

 

(1) 
1 

*15(b)(i) (QWC – work must be clear and organised in a logical manner using 
technical terminology where appropriate) 
 

There is a changing flux (linkage)  

Or  magnetic field lines are cut by the coil 
Inducing an e.m.f .(across the coil) 

There is a current since there is a closed circuit 

 

 
 
 
 

(1) 
(1) 
(1) 

 
 
 
 
 
 
3 

15(b)(ii) The rate of change of flux changes 

 

as speed changes 

Or  because flux density at coil changes with distance 

(MP2 dependent on MP1) 

 

(1) 
 
 
 

(1) 
 

 
 
 
 
2 

15(b)(iii) More readings in a short time 

Or  increased sampling rate 

 

 
(1)  

1 
 Total for question 15  9 

 

 

  



 

 

Question 

Number 

Answer  Mark 

16(a)(i) Use of ݒ ൌ ଶగ௥் 	 		Or v = rw 
v = 2.1 m s−1 

 

Example of calculation ݒ ൌ ଶగൈ଴.ସ	୫ଵ.ଶ	ୱ  = 2.09 m s−1 

 

(1) 
(1) 

 
2 

16(a)(ii) Radius/circumference decreased 

Measured speed greater than actual speed (dependent on first mark) 

(1) 
(1)  

2 
16(a)(iii) Use of ܨ ൌ  ݒݍܤ

F =	ͷ.ͻ ൈ ͳͲିଶସ N 

 

Example of calculation ܨ ൌ Ͳ.Ͳͷ	T ൈ ͳ.͸ ൈ ͳͲିଵଽC ൈ ͹.Ͷ ൈ ͳͲିସm sെͳ ൌ ͷ.ͻ ൈ ͳͲିଶସ N 

 

(1) 
(1) 
 

 
2 
 

16(b) Use of Rcosθ = mg and Rsinθ = F  

Or tanθ = F/mg 

 

Use of ܨ ൌ ௠௩మ௥  (do not award if mg used as the force) 

 

r = 20 m 

(g =10 m s−2  leads to r = 20.04 m scores MP1 & 2 only) 

 

Example of calculation 

r = 
௠௩మ௠௚	୲ୟ୬ఏ =

௩మ௚	୲ୟ୬ఏ 

r =
ሺଽ	୫	ୱషభሻమ	ଽ.଼ଵ	୫	ୱషమ ൈ	୲ୟ୬ଶଶ° ൌ 	ʹͲ.Ͷ m 

 

 
(1) 
 
(1) 
 
 
(1) 
 

 
 
 
 
 
3 

 Total for question 16  9 
 

  



 

 

Question 

Number 

Answer  Mark 

17(a) Vertical and equally spaced parallel lines (minimum 3, ignore any at 

edges which are curved) 

Arrows downwards 

 

(1) 
 

(1) 
 
 
2 

17(b) Identifies an upward electric force 

 

Which is equal to the weight 

Or which balances the weight 

Or the resultant force on the drop is zero 
 

(1) 
 
 
 

(1) 

 
 
 
 
2 

17(c) See F=VQ/d  

Equates electric force and weight 

Q/m = Ͷͻ ൈ ͳͲି଺ (C kg-1) 

 

Example of calculation ܨ = EQ = 
௏ொௗ  = mg ொ௠ = 

௚ௗ௏   ொ௠ = 
ଽ.଼ଵ୫	ୱషమ	ൈ	ଶ.ହൈଵ଴షమ	୫ହ଴଴଴	୚ ൌ Ͷ.ͻ ൈ ͳͲିହ (C kg-1) 

 

(1) 
(1) 
(1) 

 
 
3 

17(d) Uses 
ொ௠ to find Q (ecf value from (c)) (Q = 4.9 ൈ 10−18 C) 

 

Use of ܨ ൌ ௞ொభொమ௥మ  

F = 4.5 ൈ 10−20 N 

 

 (using show that value from (c) gives 4.64 × 10−20 N) 

 

Example of calculation ܨ ൌ ଼.ଽଽൈଵ଴వ	୒	୫మେషమሺସ.ଽൈଵ଴షఱ	େ	୩୥షభൈ	ଵ.଴ൈଵ଴షభయ	୩୥ሻమሺଶ.ଶൈଵ଴షయ୫ሻమ  = 4.46 × 10−20 N 

 

(1) 
 

(1) 
 

(1) 

 
 
 
 
 
3 

17(e) As V increases the electric/upwards force increases Or  EQ > mg 

There is a resultant force 

Drops (initially) accelerate upwards 

 

(1) 
(1) 
(1) 

 
 
3 

 Total for question 17  13 
 

  



 

 

 

Question 

Number 

Answer  Mark 

18(a) Divide by ͳ.͸ ൈ ͳͲିଵଽ  

V = 4.5 × 106 V 

 

Example of calculation ܸ ൌ ͹.ʹ ൈ ͳͲିଵଷ	Jͳ.͸ ൈ ͳͲିଵଽ	C ൌ Ͷ.ͷ ൈ ͳͲ଺ V 

 

(1) 
(1) 

 
2 

18(b) Line of best fit drawn with maximum speed <3 × 108

 

Comment that line tends towards c 

Or  comments that the graph levels off close to c. 

 

(1) 
 
 

(1) 

 
 
 
2 

18(c) The idea that as electrons travel at speeds close to the speed of light their mass 

increases  

୩ܧ  ൌ భమ݉ݒଶ does not apply  

Or relativistic equations should be used. 

 
(1) 

 
 
 

(1) 
 

 
 
 
 
 
2 
 

18(d)(i) The time spent in each tube must remain constant (as the speed increases) 

Refers to the tubes switching polarity at fixed time intervals 

 

(For MP2 just saying frequency is constant is not sufficient) 

 

(1) 
(1) 

 
2 

18(d)(ii) The speed of electrons has become a maximum/constant 

Or there can be no further increase in the speed of the electrons 

(do not accept there is no acceleration) 

 

 

 
(1) 

 
1 

 Total for question 18  9 
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