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Complete solutions to Exercise 14(a) 
1. Integrate each function twice and substitute the given conditions to obtain the 
following: 

(a) 
 
  (b)   (c) 24.9s t= − 31.63s t= 21

2
s ut at= +

 
 

 
2. (a) Characteristic equation is given by 

( )( )

2

1 2

5 6 0
3 2

3, 2

m m
m m
m m

+ + =

0+ + =

= − = −
 

Since we have distinct roots so by (14.4) we have 
3 2x xy Ae Be− −= +    

(b) Characteristic equation is m 2 + 4m + 4 = 0  

   ( )22 0, hencem 2m+ = = −  [Equal Roots] 
Substituting m  into, (14.5), = −2 y = A+ Bx( )emx  gives 

   ( ) 2xy A Bx e−= +    
(c) Characteristic equation is  m 2 − 2m + 4 = 0. 
Using the quadratic formula (1.16) with  a = 1, b = −2 and c = 4 gives 

2 4 16 1 121 12 1
2 2 2

4 3 4 3 2 31 1 1
2 2

1 3

m j

m j j j

m j

± −
= = ± − = ±

/× ×
= ± = ± = ±

/
= ±

2  

Putting α =1 and β= 3  into (14.6) gives  ( ) ( )cos 3 sin 3xy e A x B x⎡ ⎤= +⎣ ⎦    

3. We will just state the characteristic equation and then the solution. 
(a) We have 

( )( )
[ ]

2

1 2

3 2 0
2 1 0

2, 1 Distinct Roots

m m
m m

m m

+ + =

+ + =

= − = −
 

By (14.4) the general solution is y = Ae−2x + Be− x  
 
 
 
 
 

(1.16)   
2 4

2
b b acm

a
− ± −

=  

(14.4)    1 2
1 2If  and  then m x m xm m y Ae Be= +

(14.5)   Equal roots m  then y = A+ Bx( )emx  

(14.6)   ( ) (If  then cos sinxm j y e A x B xαα β β β= ± = + )⎡ ⎤⎣ ⎦  
(b) The characteristic equation is given by 



  Solutions 14(a)             2 

    
( )( )

[ ]

2

1 2

7 6 0
6 1 0

6, 1 Distinct Roots

m m
m m

m m

− + =

− − =

= =

By (14.4) the general solution is y = Ae6x + Bex  
 (c) We have  

( ) [ ]
( )

2

2
1 2

3

6 9 0

3 0  gives  3 Equal Roots
x

m m

m m m

y A Bx e

− + =

− = = =

= +

 

(d) We have 

[ ]

2 4 5 0

4 16 20 2 Complex Roots
2

m m

m j

− + =

± −
= = ±

 

Using (14.6) with  α = 2  and  β =1 gives y = e2x Acos x( ) + B sin x( )[ ]. 
(e) We have 

( )

2

2

8 16 0

4 0  gives equal roots 4

m m

m m

− + =

− = =
 

By (14.5) we have the general solution y = A+ Bx( )e4 x  
 
4. (a) Characteristic equation is  

( )

2

2

6 9 0

3 0,

m m

m m

+ + =

3+ = = −
 

Since we have equal roots, m , so by (14.5) = −3
( ) 3xy A Bx e−= +  

(b) Characteristic equation is  

     [ ]

2

2

10 50 250 0
5 25 0 Dividing by 10

m m
m m
+ + =

+ + =
Putting    into (1.16) gives a = 1, b = 5 and c = 25

( ) ( )

[ ]

5 25 4 25 25 1 45
2 2 2

5 25 3 5 5 3 Complex Roots
2 2 2 2

m

j m

− ± − × −
= = − ±

−
= − ± = − ± =

 

(1.16)    
2 4

2
b b acx

a
− ± −

=  

(14.4)    1 2
1 2If   and  then m x m xm m y Ae Be= +

(14.6)   ( ) (If    then  cos sinxm j y e A x B xαα β β β= ± = + )⎡ ⎤⎣ ⎦  

(14.8)   ( ) ( )2 2If  + =0  then  cos sinr k y A kx B kx= +  
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Putting  α = −

5
2

  and  β =
5 3

2
  into (14.6) gives

    
5
2 5 3 5 3cos sin

2 2
x

y e A x B x
− ⎡ ⎤⎛ ⎞ ⎛ ⎞

= +⎢ ⎥⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
 

(c) Characteristic equation is 

  [ ]

2

2

3 8 0
3 8 0 Multiplying by 1

m m
m m
− − + =

+ − = −
 

Putting    into (1.16)  a = 1, b = 3 and c = −8

1 2

3 9 32 3 41
2 2

3 41 3 4,
2 2

m

m m

− ± +
= = − ±

− + − −
= =

2
1

 

By (14.4)      y= Aem1x + Bem2x where m1 and m2  are as above .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1.16)    
2 4

2
b b acx

a
− ± −

=  

(14.4)    1 2
1 2If   and  then m x m xm m y Ae Be= +


