








 
 
 

Mark Scheme 



2610 MEI Differential Equations January 2005 Mark Scheme 

 
1(i) ( )exp 2 dI x x= ∫  M1   

 2
ex=  A1   

 2 2 2 2( 2)de 2 e e
d

x x x xy x y
x

− −+ =  M1 multiply 
 

 ( )2 4 4d e
d

x xy e
x

−=  F1 follow their integrating factor 
 

 2 4 4e e dx xy x−= ∫  M1 integrate  

 4 41
4 e x A−= +  A1   

 ( )2 4 41
4e ex xy A− −= +  F1 divide by their I (must divide constant also)  

    7 
(ii) ( )1 1 1

4 40 e A A−= + ⇒ = −  M1 condition on y  

 ( )2 4 41
4 e e 1x xy − −= −  A1 cao  

 4 41 4 4 0 e 1xx x −> ⇒ − > ⇒ >  M1 attempt inequality for y  
 and 

21
4 e 0x− >  so y > 0 E1 fully justified  

 B1 through (1,0) and y > 0 for x > 1  

 B1 asymptotic to y = 0  

     
    6 
(iii) 

maximum d 0
d
y
x

⇒ =  M1  
 

 2( 2)2 e xxy − −⇒ =  M1 must use DE  

 1
42 4 1x y y= ⇒ = ⇒ =  E1   

 ( )4 41 1
4 4e e A−= +  M1 substitute into GS for y  

 2( 2)1
40 e xA y − −⇒ = ⇒ =  A1 cao  

 B1 general shape consistent with their solution  

 B1 maximum labelled at 1
4(2, )   
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2(i) for x < 0, aux.eq. 2 9 0 3 jα α+ = ⇒ = ±  M1 imaginary root or recognise SHM equation  

 cos3 sin 3y A x B x= +  A1   
 

for x > 0, 
2

2
d 16 0
d

y y
x

− =  B1 may be implied 
 

 2 16 0α − =  M1   
 4α = ±  A1   
 4 4e ex xy C D−= +  F1 accept A,B again here but not in (ii)  

    6 
(ii) (1) 0A y=  F1   
 0C D y+ =  F1   
 

(2) d0, 3 sin 3 3 cos3
d
yx A x B x
x

< = − +  M1 differentiate 
 

 4 4d0, 4 e 4 e
d

x xyx C D
x

−> = − +  M1 differentiate 
 

 3 4 4B C D= − +  A1   
 (3) only 4e x  is unbounded so 0D =  B1   
 hence 0C y=  B1   
 4

03B y= −  B1   

    8 
(iii) B1 curve for x < 0  
 B1 curve for x > 0  
 B1  
 

 

 

continuous gradient at x = 0 (must have 
reasonable attempt at each of  x < 0 and x > 0)  

    3 
(iv) 2

2
d 4 0 cos 2 sin 2
d

y y y E x F x
x

+ = ⇒ = +  B1  
 

 bounded so (3) provides no equation M1   
 hence insufficient (3 equations, 4 unknowns) A1   
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3(i) 

rate of flow = area × speed d 0.0004 2
d
V gx
t

⇒ = −  M1 accept either in words or symbols for M1 but 
need both for E1 

 

 M1 use of chain rule  
 

d d 0.0004 2
d d
V x gx
x t

⇒ = −  
E1 complete argument  

    3 
(ii) 5 5

3 3
d d 0.0004 2
d d
V x gx
x t
= ⇒ = −  B1  

 

 1
25

3 d 0.0004 2 dx x g t− = −∫ ∫  M1 separate  

 1
210

3 0.0004 2x g t A= − +  M1 integrate  

 10
30, 2 2t x A= = ⇒ =  M1 condition on x  

 ( )2
2 1 0.00012x g t= −  A1 cao  

 0 2660x t= ⇒ ≈  A1   
    6 
(iii) ( )2 d1 2 0.0004 2

d
xx x gx
t

+ − = −  M1 substitute for d
d
V
x

 
 

 31 1
2 2 2( 2 )d 0.0004 2 dx x x x g t− + − = −∫ ∫  M1 separate  

 M1 integrate  
 

3 51
2 2 24 2

3 52 0.0004 2x x x g t B+ − = − +  
A1   

 46
150, 2 2 4.337t x B= = ⇒ = ≈  M1 condition on x  

 0 2450x t= ⇒ ≈  A1   
    6 
(iv) (0) 0.0004( 4 0) /1 0.00250x g= − + = −  E1 must show working  

 (0.1) 2 0.00250 0.1x = − ×  M1 use of algorithm  
 =1.99975 E1 must show working  
 (0.1) 0.00251x = −  B1   
 (0.2) 1.99950x =  B1   
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4(i) M1 differentiate  
 

2

2
d d d8 3

d dd
x x y

t tt
= −  

A1   
 d8 3( 2 7 )

d
x x y
t

= − − +  M1 substitute for d
d
y
t

 
 

 d 21 d8 6 8
d 3 d
x xx x
t t

⎛ ⎞= + − −⎜ ⎟
⎝ ⎠

 M1 substitute for y 
 

 2

2
d d15 50 0

dd
x x x

tt
− + =  E1  

 

    5 
(ii) 2 15 50 0α α− + =  M1 auxiliary equation  
 5 or 10α =  A1   
 5 10e et tx A B= +  F1 CF for their roots  
 ( )1

3 8y x x= −  M1 rearrange equation (1)  

 ( )( )5 10 5 101
3 8 e 8 e 5 e 10 et t t tA B A B= + − +  M1 substitute for x and x   

 5 102
3e et tA B= −  A1 cao  

    6 
(iii) e 8 e 3 e et t t ta a b− − − −− = − +  M1 substitute in (3)  
 e 2 e 7 e et t t tb a b− − − −− = − + +  M1 substitute in (4)  
 9 3 1, 2 8 1a b a b− + = − =  M1 compare coefficients and solve  
 1

6a = −  A1   

 1
6b = −  A1   

    5 
(iv) substituting f(t), g(t) into LHS gives zero B1 stated (or substitution)  
 substituting solutions in (iii) gives e t−  B1   
 as equations linear, substituting sums gives sum 0 e et t− −+ =  E1 (or verified by substitution)  
 General solutions because two arbitrary constants as expected    
 for two first order equations. E1   
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