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1.  Let �� = last two digits of your index number.  

Solve the differential equation 
������ + ���� + � = 0, ��0 = �, �!�0 = �  

as a system of differential equations "# = $", "�0 = %��0 , �!�0 &'
 

 

Solution: 

 Assume �� = 12 

 Let �# = ���� = * so we have 

 �# = * ,��0 = � and *# = −� − * ,*�0 = �!�0 = �.  

 We can write the system as 

 ,�#*# - = , 0 1−1 −1- ,�*- with .��0 *�0 / = ,��- or 

 "# = $" with "�0 = ,��- where " = ,�*- and $ = , 0 1−1 −1- 

 Let " = 012� then we have "# = 0312� = $" = $012� or $0 = 30 = 40 

 So 3 = 4 are the eigenvalues of $ and 0 are the corresponding eigenvectors. 

 We have det �$ − 45 = 6−4 1−1 −1 − 46 = 4�1 + 4 + 1 = 47 + 4 + 1 = 0 ⇒ 4 = 9:±<√>7  

 For 4: = 9:?<√>7  we have 

 ($ − 45 0 = .−4: 1−1 −1 − 4:/ ,@A- = ,00- −4:B7 + B: → B7⇒ .−4: 10 4:7 + 4: + 1 = 0/ ,@A- = ,00- ⇒ 

 −4:@ + A = 0 ⇒ 0 = ,@A- = , @4:@- = @ . 14:/  so let 0: = . 14:/ 

 In the same way for 47 = 9:9<√>7  we have  07 = . 147/ 

 Now since the differential equation is linear, the general solution will be 

 " = "�F = �:0:1GH� + �7071G�� where �:, �7 are constants to be determined.  

We can also write the solution as 

 "�F = �0: 07 I �:1GH��7071G��J = �0: 07 .1GH� 00 1G��/ ,�:�7- = K .1GH� 00 1G��/ ,�:�7- 

 "�0 = K ,1 00 1- ,�:�7- = ,��- ⇒ K ,�:�7- = ,��- ⇒ ,�:�7- = K9: ,��- = . 1 14: 47/9: ,12- = :G�9GH . 47 −1−4: 1 / ,12- 

 ,�:�7- = :9<√> . 47 − 2−4: + 2/ = :9<√> L9M9<√>7M9<√>7
N = L9M<?√>7√>M<?√>7√>

N 

 

So �: = 9M<?√>7√>  and �7 = M<?√>7√>  

 

Note: Check whether you get a real solutions 
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 2. Let 0 = �last digit of your index number Mod 3 + 1. Select matrix number 0 and call it $. 

S−11 −10 55 4 −5−20 −20 4 V , S1 −3 33 −5 36 −6 4V , S4 1 −12 5 −21 1 2 V 

Solve the system of differential equations "X = $", "�0 = �1,2,3 ' , "′�0 = �4,5,6 '. 

 

Solution: 

 Assume $ = S1 −3 33 −5 36 −6 4V so we have the eigenvalues and the corresponding eigenvectors 

 

 4: = −2, 0: = S−101 V and 47 = −2, 07 = S110V  and 4> = −2, 0> = S112V 

 

With " = 012� we have "# = 0312�  and "X = 03712�or "X = 03712� = $" = $012� or $0 = 370 = 40 

 So 37 = 4�Z1 3 = ±√4  are the eigenvalues of $ and 0 are the corresponding eigenvectors. 

 Now since the differential equation is linear, the general solution will be 

 " = "�F = �:0:1[GH� + �:0:19[GH�+�7071[G�� + �70719[G�� + �>0>1[G\� + �>0>19[G\�  

where �:, �7, �>, �:, �7, �> are constants to be determined. We can also write the solution as 

 " = "�F = �0: 07 0> ]�:0:1[GH� + �:0:19[GH��7071[G�� + �70719[G���>0>1[G\� + �>0>19[G\�^ = K L1[GH�00
19[GH�00

01[G��0
019[G��0

001[G\�
0019[G\�N

_
`̀a

�:�:�7�7�>�>b
ccd 

 Therefore  

 "�0 = K S100
100

010
010

001
001V

_
`̀a

�:�:�7�7�>�>b
ccd = S123V ⇒ S100

100
010

010
001

001V
_
`̀a

�:�:�7�7�>�>b
ccd = K9: S123V = Se:e7e>V  

 And  

 "′�F = K L[4:1[GH�00
−[4:19[GH�00

0[471[G��0
0−[4719[G��0

00[4>1[G\�
00−[4>19[G\�N

_
`̀a

�:�:�7�7�>�>b
ccd 

Therefore 

 "!�0 = K L[4:00
−[4:00

0[470
0−[470

00[4>
00−[4>N

_
`̀a

�:�:�7�7�>�>b
ccd = S456V 

 ⇒ L[4:00
−[4:00

0[470
0−[470

00[4>
00−[4>N

_
`̀a

�:�:�7�7�>�>b
ccd = K9: S123V = Sf:f7f>V 

Finally we have  

 . 1 1[4: −[4:/ ,�:�:- = ,e:f:- ⇒ ,�:�:- = . 1 1[4: −[4:/9: ,e:f:- 

 . 1 1[47 −[47/ ,�7�7- = ,e7f>- ⇒ ,�7�7- = . 1 1[47 −[47/9: ,e7f7- 

 . 1 1[4> −[4>/ ,�>�>- = ,e>f>- ⇒ ,�>�>- = . 1 1[4> −[4>/9: ,e>f>- 

 

Note: What is the solution if  $ is not diagonalizable? 


