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Question Answer Marks Guidance 

2 1 1cosθ↑ =N mg   

( ) 2
1 1 1 1sin sin  N m rθ θ ω→ =   

B1 N2L horizontally and vertically for the first case. 
25
14 g rω=   

 2 2cosθ↑ =N mg   

( ) 2
2 2 2 2sin sin  N m rθ θ ω→ =   

B1 N2L horizontally and vertically for the second case. 
25
23 g rω=   

 25
4 1

25
23

g r
g r

ω
ω

=   
M1 Combine to find ratio. 

 1 1
2

2
3ω

ω
=   A1  

  4  

1
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6(a) Let v be the speed of P before the collision. 
Energy conservation before the collision: 

( ) 231 1
2 2 217m ag mag mv+ =  

M1 Dimensionally correct energy equation with a GPE term and 
two KE terms. 

 20=v ag   A1  

  2  

6(b) Let Pw  be speed of P after the collision and V  be its speed at the top. 

N2L: ( )
2mV T mg

a
= +  V ag =   

B1 Dimensionally correct equation.  
T = 0 must be seen or implied. 

 Energy equation: 2 21 1
2 2 2Pmw mV mga= +  M1 Dimensionally correct energy equation with a GPE term and 

two KE terms. 

   5  =Pw ag   A1  

  3  

6(c) Let Qw  the speed of Q after the collision. 

 = −Q Pmv kmw mw   

B1 Momentum conserved (must see masses). 

 [ ]     P Qw w ev v+ = =   
OR 

2 2 21 1 1
2 2 2P Qmv mw kmw= +  

B1 NEL with consistent signs. 
OR 
Use conservation of kinetic energy. 

 3=k   B1 Must have 1=e  seen or implied. 

  3  

2
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1 2cos45 sin 45 sin 45 +  = A BT T m l  B1 Correct horizontal equation.  

Allow sin/cos mix. 

B0 B0 M0 A0 for using the same tension in 
each string. 

 sin 45 cos45 −  =A BT T mg  B1 Correct vertical equation. 

Allow sin/cos mix. 

 22 2 = +AT m l mg  M1 Combine, isolating term in AT . 

 ( )21
2

2 AT m l g= +  A1 AEF 

  4  

    

Question Answer Marks Guidance 

2(a) 
( )

( )

2
1
3

1
3

n

2
E

Work do e

E

 by f i

P
2

r ction

mg
a

a

mg a

=

=

  

B1 Correct EPE seen OR correct work done by 

friction seen. 

 
( ) ( )

2
1 1
3 3

2

2

mg
a mg a

a
=  

M1 Equation or inequality involving EPE and 

work done terms only. 

 1
3

 =  A1 CWO 

  3  
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6 A to ground: ( )
221 1

2 2
2 3mu mga m u+ =   2 1

2
u ga =   

 

A to B: 2 21 1
2 2

cosmv mga mu mga+ = +   ( )2 2 2 1 cos = + − v u ag  

 

B to ground: ( )
221 1

2 2
cos 3mv mga m u mga+ = −      ( )2 29 2 1 cos = − + v u ag  

*M1 One energy equation, all terms present. 

 *M1 Second energy equation, all terms present. 

 A1 At least one correct energy equation involving 

cos   . 

 2

cos
mv

mg
a

 =   2 cos = v ag  
B1 N2L at B. 

 ( )1
2

cos 2 1 cosga ga ag = + −   DM1 Eliminate u and v. 

 5
6

cos =  A1  

 Horizontally at ground: cos 3 cos =v u . 

( )
( )

5 5
6 6 5

541
2

 
cos 15    

3

ga

ga
 = =  

OR 

( )5 5
6 6

cos  xv v ga= = , ( ) ( )
22 847

216
sin 2 1 cosyv v ga ga = + + =  

( )

847
216

5 5
6 6

tan
 

ga

ga
 =  

M1 A complete method to find  . 

 69.0 =   A1  

  8  

3
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1 For A: T mg=  

For B vertically: cos 0.5T mg =  

M1 Both equations. 

Allow sin/cos mix. 

 60 =   A1 Equate and solve for  , SOI. 

 For B horizontally: ( ) 2sin 0.5 sinT m BR  =  M1 Allow sin/cos mix. 

Allow their stated BR. 

 cosBR AR =        8BR a=  B1 SOI 

 1

2

g

a
 =   

A1 AEF in terms of g and a.  

  5  
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4(a) 
At top 0R≥ , so 

2mw
mg

a
≥ . 

B1 Accept equality. 

 ( )2 21 1
2 2

1 cosmv mw mga − −≥   M1 Energy inequality with correct number of terms and 
correct dimensions, accept equality. 

 A1 Fully correct energy inequality, accept equality. 

 2 131
2 9
mv mga≥   M1 Substitute for cos  and 2w . 

 1
3

26v ag≥   A1 AG, shown convincingly. 

If equality used throughout, introduction of inequality 

must be convincing. 

  5  

4(b) Maximum reaction is at bottom: 

 ( )2 21 1
2 2

1 cosmv mga mV+ + =  2 5V ag =   

M1 Energy equation with correct number of terms and 

correct dimensions and correct signs. 
Allow sin/cos mix. 

 2

max

mV
R mg

a
− =   

B1  

 
max 6R mg=   A1  

  3  

4
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3(a) 328
2

x
=  leading to 0.5x = . 

M1 
Use λxT

l
=  to find x . May be implied by 

correctly derived value for sin 0.6α = .  

 Hence, 2.5PA =  and 1.5
2.5sin 0.6α = = . A1 AG, shown convincingly. 

  2  

3(b) ( )  1.6 8cosR g α↑ = −  

( ) 2 8sin  mr Rω α µ← = +   

*M1 For either equation (resolving horizontally or 
vertically). Allow sin/cos wrong way round. 
Correct number of terms and correct signs. 
Dimensionally correct. Numbers or algebraic.  

 A1 Both equations correct. 

 ( ) ( )( ) 23 4
5 58 0.5 1.6 8 1.6 1.5g ω+ − = ×  DM1 Eliminate R to obtain equation involving 2ω  

with no other unknown quantities. 

 2 4ω =  leading to 2ω =  A1  

 
Number of revolutions per minute = 

π
60 19.1 = . 

A1 19.0985…  
Accept final answer of 19. 

Allow final answer of 
π

60 . 

  5  

5
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7(a) 2

A
muR

a
=  

2

cosB
mvR mg

a
θ= −  

B1 Both equations correct. 
Use of N2L towards centre at A  and B . 
May see 2 6

5u ag=  already substituted. 
May see k  or cosθ . 

 2 2

cos
2

mu mv mg
a a

θ= −  leading to 2 21
2v u agk= + . 

*M1 Use of 1
2B AR R= .  

Condone use of 1
2  A BR R=  for this mark. 

Two terms required in their expression for BR . 

May see 2 6
5u ag=  already substituted. 

May see k  or cosθ . 

 2 21 1
2 2mu mv magk= +  leading to 2 2 2v u agk= − . *M1 Energy equation, dimensionally correct. 

 

 6 3
5 52ag agk ag agk− = +  DM1 Dependent on both previous M marks. 

Combine N2L and energy equations to obtain an 
equation that simplifies to involve k only. 

 1
5k =  A1  

  5  

7(b) 2 3
50 leading to BR u ag = =       3

5u ag=  B1 FT FT their 3agk .  

  1  

6
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7(c) Vertically B to C: 2 sinvt
g

θ
=  

Horizontally B to C: 2 sin2 sin cos cos va v t v
g

θ
θ θ θ= × = ×   

M1 Complete method to find 2v . 
Must use 2 sina θ  and not 2a.  
May quote range formula. 
FT their k from part 7(a). 

2cos   ,  sin 1    their k their kθ θ= = −   

 2

cos
agv

θ
=  

A1 
May see 2 agv

k
= or 2 5v ag= . 

 2

s
2

co
agu agk

θ
= +   

M1 Use their energy equation from part 7(a) 
( )2 2 2v u agk= − . Must substitute for 2v . 

 2 27 27
5 5,      u ag u ag= =   A1 CAO 

 Alternative method for question 7(c) 

 Equation of trajectory:  

( ) ( )
( )

2

2

2 sin
0 2 sin   tan

2 cos

g a
a

v

θ
θ θ

θ
= −      ( ) ( )2

4
54

5 22
25

6
0 6 2 6

g
a

v

 
 = − 
  

 

(M1) Complete method to find 2v . 
Must use 2 sina θ  and not 2a. 
FT their k from part 7(a). 

2cos   ,  sin 1    their k their kθ θ= = −   

 2

cos
agv

θ
=  

A1 
May see 2 agv

k
= or 2 5v ag= . 

 2

s
2

co
agu agk

θ
= +  

M1 Use their energy equation from part 7(a) 
( )2 2 2v u agk= − . Must substitute for 2v . 

 2 27 27
5 5,      u ag u ag= =   A1 CAO 

7
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7(c) Alternative method for question 7(c) 

 2

2 2tan
2 cos

gxy x
v

θ
θ

= −  leading to 2 2
d tan
d cos
y gx
x v

θ
θ

= −   

 

Reaches maximum when sinx a θ= :    2 2
sin0 tan

cos
ga

v
θθ
θ

= −   

M1 Complete method to find 2v . 
Must use sina θ  and not a. 
FT their k from part 7(a). 

2cos   ,  sin 1    their k their kθ θ= = −   

 2

cos
agv

θ
=  

A1 
May see 2 agv

k
= or 2 5v ag= . 

 2

s
2

co
agu agk

θ
= +  

M1 Use their energy equation from part 7(a) 
( )2 2 2v u agk= − . Must substitute for 2v . 

 2 27 27
5 5,      u ag u ag= =   A1 CAO 

  4  
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1 cosT mg =  

2sinT m r =  

B1 B1 for both equations, SOI. 

 25
3

' ' sin sinmg m a  =  M1 Combining and using sinr a = . 

Allow sin/cos mix in resolving.  

Must have a trigonometric ratio on both sides. 

 5

3

g

a
 =  

A1 OE, CAO 

  3  

8
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5(a) ( )2 31 1
2 2 2

 cosmv mgr m gr+ =     2 3
2

2 cosv gr gr  = −   M1 Energy equation. All 3 terms. Allow sin/cos error. 

Allow sign errors. 

 2

cos
mv

mg
r

 =  
B1 N2L at B. 

 ( )3
2

cos 2 cosmg m g g = −  M1 Combining to eliminate v. 

 1
2

cos ,     60 = =    A1  

  4  

5(b) 2 1
2

v gr=  B1 FT FT their 60 . 

 
( )

2
20 sin'60 ' ' ' 2v gh=  −  

M1 Allow sign error. 

 3
16

h r=  A1 FT FT their 60 and their v2. 

 Total height = 3 11
16 16

cos60r r r+ =  A1  

  4  

9


