
 

Question 
Number 

Answer Mark 

 
4(a) 

 

 

Equation of motion at B (x = 3a) M1 
3𝑚𝑚𝑚𝑚(3𝑎𝑎)

4𝑎𝑎
−𝑚𝑚𝑚𝑚 = ± 𝑚𝑚𝑥̈𝑥 A1 

(𝑎𝑎𝑎𝑎𝑎𝑎 =) ±
5𝑔𝑔
4

 A1 

 (3) 
 

4(b) Either      ( ) ( )2 23 3 3
or

8 8
mg a mg a

a a
   seen 

B1 

Conservation of energy to the point where x a=  M1 

3𝑚𝑚𝑚𝑚(3𝑎𝑎)2

8𝑎𝑎
= 𝑚𝑚𝑚𝑚(2𝑎𝑎) +

3𝑚𝑚𝑚𝑚(𝑎𝑎)2

8𝑎𝑎
+

1
2
𝑚𝑚𝑣𝑣2 

A1 
A1 

2v ga=  A1 
 (5) 

4(c) 

A second EPE term (different to the one awarded a mark in part 
(b)) 

B1 

Conservation of energy to C (v = 0)  M1 
Correct energy equation to C  
e.g. From B to C  

• if x is the compression in the spring at C 
( ) ( ) ( )2 23 3 3

3
8 8

mg a mg x
mg x a

a a
= + +  

• if x is the extension in the spring at C 
( ) ( ) ( )2 23 3 3

3
8 8

mg a mg x
mg a x

a a
= − +  

• if 𝑥𝑥 =  ±(4𝑎𝑎 − 𝑘𝑘𝑘𝑘) is the extension 
3𝑚𝑚𝑚𝑚(3𝑎𝑎)2

8𝑎𝑎
= 𝑚𝑚𝑚𝑚(7𝑎𝑎 − 𝑘𝑘𝑘𝑘) +

3𝑚𝑚𝑚𝑚(𝑘𝑘𝑘𝑘 − 4𝑎𝑎)2

8𝑎𝑎
 

 
A1 

 

Solve to obtain k = DM1 
11
3

k =   (only) A1 

 (5) 
  (13) 
 Notes for Question 4  

4(a)   



 

M1 

Use Hooke’s Law in an equation of motion at B. Tension must 
have an extension of 3a. All required terms present and no extras. 
Dimensionally correct.  Condone sign errors.  
Condone a for acceleration but M0 if it is treated as a length. 

 

A1 Correct unsimplified equation  
A1 Accept 12, 12.3  (ms-2)   
4(b)   
B1 One correct EPE term  

M1 

Form an equation using conservation of energy from B to x = a. 
All required terms present and no extras. Dimensionally correct.   
Condone sign errors.  
EPE must have the form  𝜆𝜆 𝑥𝑥2

𝜇𝜇 𝑎𝑎
  where x = a and 𝜇𝜇 is a constant 

(condone 𝜇𝜇 = 1). 
GPE must have the form mgh where h = 2a  

 

A1 Unsimplified equation with at most one error  

A1 Correct unsimplified equation  

A1 
Or equivalent in terms of a and g 
Accept a correctly rounded decimal instead of √2 but must have  
�𝑔𝑔𝑔𝑔 . Calculator display for √2 = 1.414213562 

 

4(c)   

B1 A correct relevant EPE term, it must be different to the one 
awarded in (b) and it must be used in (c). 

 

M1 

Form a dimensionally correct conservation of energy equation 
Condone sign errors.  
EPE term must have the form  𝜆𝜆 𝑥𝑥2

𝜇𝜇 𝑎𝑎
  where x is their extension and 

𝜇𝜇 is a constant (condone 𝜇𝜇 = 1). 
GPE term must have the form mgh where h is a height in terms of 
a and/or x 
 
All required terms present and no extras. 
• B to C: 2 EPE terms and GPE 
• Alternative point to C: KE, GPE, 2 EPE (but 1EPE if using 

natural length position) 
Equilibrium to C:   𝑥𝑥 = 4𝑎𝑎

3
 , 𝑣𝑣2 = 25

12
𝑔𝑔𝑔𝑔  

leads to  
3𝑚𝑚𝑚𝑚�4𝑎𝑎3 �

2

8𝑎𝑎
+ 1

2
𝑚𝑚 �25

12
𝑎𝑎𝑎𝑎� = 𝑚𝑚𝑚𝑚 �16𝑎𝑎

3
− 𝑘𝑘𝑘𝑘� + 3𝑚𝑚𝑚𝑚(𝑘𝑘𝑘𝑘−4𝑎𝑎)2

8𝑎𝑎
  

 
Natural length to C:   𝑥𝑥 = 0, 𝑣𝑣2 = 3

4
𝑔𝑔𝑔𝑔 

leads to    1
2
𝑚𝑚 �3

4
𝑎𝑎𝑎𝑎� = 𝑚𝑚𝑚𝑚(4𝑎𝑎 − 𝑘𝑘𝑘𝑘) + 3𝑚𝑚𝑚𝑚(𝑘𝑘𝑘𝑘−4𝑎𝑎)2

8𝑎𝑎
  

 
Point in (b) to C:    𝑥𝑥 = 𝑎𝑎 , 𝑣𝑣2 = 2𝑔𝑔𝑔𝑔 
leads to   3𝑚𝑚𝑚𝑚(𝑎𝑎)2

8𝑎𝑎
+ 1

2
𝑚𝑚(2𝑔𝑔𝑔𝑔) = 𝑚𝑚𝑚𝑚(5𝑎𝑎 − 𝑘𝑘𝑘𝑘) + 3𝑚𝑚𝑚𝑚(𝑘𝑘𝑘𝑘−4𝑎𝑎)2

8𝑎𝑎
  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A1 Correct unsimplified equation (using their letter for length)  
DM1 Dependent on first M1. Solve to find a value for k.  
A1 3.7 or better  



 

 

         

 

 

 

 


