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APJ   ABDUL KALAM  TECHNOLOGICAL UNIVERSITY 
Scheme for Valuation/Answer Key 

Scheme of evaluation (marks in brackets) and answers of problems/key 
 

SECOND SEMESTER B.TECH DEGREE EXAMINATION -MAY, 2019 
Course Code: MA102 

Course Name: DIFFERENTIAL EQUATIONS 

Max. Marks: 100  Duration: 3 Hours 
PART A 

Answer all questions, each carries 3 marks 
    

1  Auxiliary equation𝑚ଷ + 1 = 0.......... (1 mark),  

Roots = −1,
ଵ±√ଷ

ଶ
...............................(1 mark)  

Writing solution𝑦 =  𝑐ଵ𝑒ି௫ + 𝑒௫/ଶ ቂ𝑐ଶ cos
√ଷ

ଶ
𝑥 + 𝑐ଷ𝑠𝑖𝑛

√ଷ

ଶ
𝑥ቃ...............(1 mark) 

3 

2  
ฬ

𝑒௫ cos 2𝑥 𝑒௫ sin 2𝑥 
𝑒௫(cos 2𝑥 − 2𝑠𝑖𝑛2𝑥) 𝑒௫(sin 2𝑥 + 2 cos 2𝑥)

ฬ ..................... (2 marks) 

If Wronskian formula is there,  give (1) mark 

Evaluation and final answer = 2𝑒ଶ௫…............................................(1 marks) 

3 

3  
𝑃𝐼 =  

4

𝐷ଶ − 4𝐷 − 5
(cos 2𝑥) =

4

−4𝐷 − 9
(cos 2𝑥) … … … … . (1)

=
4

145
(4 D − 9)(cos 2𝑥) … … … . . (1) 

=
−4

145
(8 sin 2𝑥 +9 cos 2x) … … … … . . (1)  

3 

4  Calculating PI=  
మೣାషమೣ

ଶ[మାସାସ]
… … … . . (1) =

ଵ

ଶ
[

ଵ

ଵ
𝑒ଶ௫ −

௫మ

ଶ
𝑒ିଶ௫]…(1+1 marks) 3 

5  Calculating 

𝑎 =
ଶ

గ
∫ sin 𝑥𝐶𝑜𝑠 𝑛𝑥 𝑑𝑥

గ


=

ଶ

గ(మିଵ)
[(−1)ାଵ − 1], 𝑛 ≠ 1…(2 marks) 

𝑎ଵ = 0…(1 mark) 

If only formula for  𝑎is there,  give (1) mark 

3 

6  Calculating 𝑏 =
ଶ

గ
∫ 𝑘 sin 𝑛𝑥 𝑑𝑥 … … (1) =

గ



ଶ

గ
[1 − (−1)].........…(2 marks) 

If 𝑏 formula is there, give (1) mark 

3 

7  𝑥ଶ + 𝑦ଶ + (𝑧 − 𝑐)ଶ = 𝑟ଶ … … … (1 𝑚𝑎𝑟𝑘) 

𝑥 + (𝑧 − 𝑐)𝑝 = 0 &  𝑦 + (𝑧 − 𝑐)𝑞 = 0 … … …     (1 𝑚𝑎𝑟𝑘) 

𝑞𝑥 − 𝑝𝑦 = 0 𝑜𝑟
𝑥

𝑝
=

𝑦

𝑞
… … … … …     (1𝑚𝑎𝑟𝑘) 

3 
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8  𝑝 = 𝑓ᇱ ቀ
௫௬

௭
ቁ ቀ

௭௬ି௫௬

௭మ
ቁ … … … (1 𝑚𝑎𝑟𝑘)𝑞 = 𝑓ᇱ ቀ

௫௬

௭
ቁ ቀ

௭௫ି௫௬

௭మ
ቁ......(1mark) 

𝑝𝑥 − 𝑞𝑦 = 0.Or 



.=.

௭ି௫

௬ି௭
.....(1 mark) 

3 

9  Arriving at equation 
ᇲ


=

ସᇲ


…(1 mark), 

𝑋 = 𝑒௫ା, 𝑌 =  𝑒
ೖ

ర
ା … … … . (1)𝑢(𝑥, 𝑦) = 8𝑒ିଷ(ସ௫ା௬)….(1 mark) 

3 

10  

)2(................
2
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lx
l

l

x
h

l
x

l

hx
xy

tat
t

y
tlyty











 

3 

11  Steady state equation......…(1 mark), 𝑢(0, 𝑡)  =  0, 𝑢(30, 𝑡)  =  80    ……  (1) 

Final answer 𝑢 = 2𝑥 + 20…….(1) 

3 

12  𝑢(𝑥, 𝑡) = ൫𝑎 𝑒ఒ௫ + 𝑏𝑒ିఒ௫൯(𝑐𝑒ఈమఒమ௧) …OR൫𝐴 𝑒ఒ௫ + 𝐵𝑒ିఒ௫൯(𝑒ఈమఒమ௧)(1 mark)  

𝑢(𝑥, 𝑡) = (𝑎 𝑐𝑜𝑠𝜆𝑥 + 𝑏𝑠𝑖𝑛 𝜆𝑥) 𝑐𝑒ିఈమఒమ௧OR(𝐴 𝑐𝑜𝑠𝜆𝑥 + 𝐵𝑠𝑖𝑛 𝜆𝑥) 𝑒ିఈమఒమ௧…(1 

mark) 

𝑢(𝑥, 𝑡) = (𝑎𝑥 + 𝑏)𝑐.OR (𝐴𝑥 + 𝐵).................(1 mark) 

3 

PART B 
Answer six questions,one full question from each module 

Module 1 
13 a) 𝑚 =  −2 ± 𝑖 .........(1mark) 𝑦 =  𝑒ିଶ௫(𝐴 cos 𝑥 + 𝐵 sin 𝑥) … … … (2 𝑚𝑎𝑟𝑘𝑠) 

𝐴 = 2, 𝑏 =  −1.........(2 marks) 

𝑦 =  𝑒ିଶ௫(2 cos 𝑥 − sin 𝑥) … … … (1 𝑚𝑎𝑟𝑘) 

6 

 b) Auxiliary equation𝑚ଷ − 𝑚ଶ + 4𝑚 = 0 … …. (1 mark) 

𝑚 = 0,
ଵ

ଶ
൫1 ± 𝑖√15൯........(2 marks) 

𝑦 = 𝑐ଵ + 𝑒
భ

మ
௫(𝑐ଶ cos

√ଵହ

ଶ
𝑥 + 𝑐ଷ sin

√ଵହ

ଶ
𝑥)......(2 marks) 

5 

OR 

14 a) Writing 𝑦ଶ = 𝑣𝑦ଵ … … (1 𝑚𝑎𝑟𝑘) 

ௗ௨

ௗ௫
=  

ଵ

௬ଵమ
𝑒ି ∫ ௗ௫ =  

ଵା௫మ

௫మ
 ...........(2 marks) 

𝑢 = 𝑥 −
ଵ

௫
................(2 mark) 

𝑦ଶ = 𝑥ଶ − 1…(1 mark) 

6 

 b) 𝐴𝑢𝑥𝑖𝑙𝑎𝑟𝑦 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (𝑚ଷ − 3𝑚ଶ − 4𝑚 + 6) = 0 → (1), 𝑚 = 1, 1 ± √7 → (2) 

𝑦 = 𝑐ଵ𝑒௫ + 𝑐ଶ𝑒(ଵାඥ( )) ௫ + 𝑐ଷ𝑒ଵିඥ()௫ → (3) 

5 
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Module 1I 

15 a) Substitution 3𝑥 + 1 = 𝑒௧ …(1 mark) 

Conversion of given equation to (2𝐷ଶ + 5𝐷 + 2)𝑦 =
ଵ

ଷ
(𝑒௧ − 1)…(1 mark) 

𝐶𝐹 = 𝑎𝑒ି  


మ + 𝑏𝑒ିଶ௧ … … … (1 𝑚𝑎𝑟𝑘) 

𝑃𝐼 =


ଶ
−

ଵ


........(2 marks) 

Final solution 𝑦 = 𝑐ଵ(3𝑥 + 1)ି
భ

మ + 𝑐ଶ(3𝑥 + 1)ିଶ+
ଵ

ଶ
(3𝑥 + 1) −

ଵ


…(1 mark) 

6 

 b) 𝑚 =  ±𝑖, ±𝑖.......(1 mark)  

 CF= (𝑐ଵ + 𝑐ଶ𝑥) cos 𝑥 + (𝑐ଷ + 𝑐ସ𝑥) sin 𝑥…(1 mark) 

Finding PI=  
ଵ

(ଵାమ)మ
𝑥ସ    … … (1 𝑚𝑎𝑟𝑘) = 𝑥ସ − 24𝑥ଶ + 72….....(2 marks) 

5 

OR 

16 a) Finding CF = 𝑐ଵ cos 2𝑥 + 𝑐ଶ sin 2𝑥…(2 marks) 

Wronskian  = 2 …(1 mark) 

Finding PI=
ି ୡ୭ୱ ଶ௫

ସ
[log(sec 2𝑥 + tan 2𝑥)] …(3 marks) 

6 

 b) 𝑚 = 2, 2, 𝐶𝐹 = (𝑐ଵ + 𝑐ଶ𝑥)𝑒ଶ௫........(1 mark) 

 𝑃𝐼 =  
ଵ

ଶ(మିସାସ)
(1 − cos 2𝑥)........(1 mark) 

𝑃𝐼 =
ଵ

଼
+ 

ௌ ଶ௫

ଵ
...........(2 marks) 

Final solution 𝑦 = (𝑐ଵ + 𝑐ଶ𝑥)𝑒ଶ௫ +
ଵ

଼
+

ୱ୧୬ ଶ௫

ଵ
…(1 mark) 

5 

Module 1II 

17 a) Finding 𝑎 =
ଶ

గ
∫ 𝑓(𝑥)𝑑𝑥

గ


= 2…(1 mark) 

Finding 𝑎 =
ଶ

గ
∫ 𝑓(𝑥) cos 𝑛𝑥 𝑑𝑥

గ


=  (−1)ାଵ ଶ

మିଵ
, 𝑛 ≠ 1…(1+2 marks) 

Finding 𝑎ଵ =
ଶ

గ
∫ 𝑓(𝑥) cos 𝑥 𝑑𝑥 = 

గ



ିଵ

ଶ
 …(1 mark) 

𝑓(𝑥) =  
బ

ଶ
+ ∑ 𝑎 cos 𝑛𝑥ஶ

ୀଵ .....(1 mark) 

6 

 b) Finding 𝑎 =
ଶ

గ
∫ 𝑓(𝑥)𝑑𝑥

గ


=  𝜋…(1 mark) 

Finding 𝑎 =
ଶ

గ
∫ 𝑓(𝑥) cos 𝑛𝑥 𝑑𝑥

గ


=  

ଶ

గమ
[(−1) − 1]…(2 marks) 

Finding 𝑏 = 0…(1 mark) 

𝑓(𝑥) =  
బ

ଶ
+ ∑ 𝑎 cos 𝑛𝑥ஶ

ୀଵ .....(1 mark) 

5 
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OR 

18 a) Finding 𝑎 =
ଵ

గ
∫ 𝑓(𝑥)𝑑𝑥

గ

ିగ
= 𝜋…(2 marks) 

Finding 𝑎 =
ଵ

గ
∫ 𝑓(𝑥) cos 𝑛𝑥 𝑑𝑥 =

గ

ିగ
0 … (1 mark) 

Finding 𝑏 =
ଵ

గ
∫ 𝑓(𝑥) sin 𝑛𝑥 𝑑𝑥 =

గ

ିగ
0 …

ଵ


[1 − (−1)].…(2 mark) 

𝑓(𝑥) =
బ

ଶ
+ ∑ 𝑎 cos 𝑛𝑥 + 𝑏 sin 𝑛𝑥ஶ

ୀଵ .....(1 mark) 

6 

 b) 𝑎 =
ଵ

ଶ
∫ 𝑓(𝑥)𝑑𝑥

ଶ

ିଶ
= 𝑘…(1 mark) 

𝑎 =
ଵ

ଶ
∫ 𝑓(𝑥) cos

గ௫

ଶ
𝑑𝑥 =     

ଶ

ିଶ
ቀ

ଶ

గ
ቁ sin ቀ

గ

ଶ
ቁ … (1mark)𝑏 =

ଵ

ଶ
∫ 𝑓(𝑥) sin

గ௫

ଶ
𝑑𝑥 =

ଶ

ିଶ
0.…(2 mark) 

𝑓(𝑥) =
బ

ଶ
+ ∑ 𝑎 cos

గ௫

ଶ
+ 𝑏 sin

గ௫

ଶ
ஶ
ୀଵ …(1 mark) 

5 

Module 1V 
19 a) ௫ௗ௫

௬మ௭
=  

ௗ௬

௫௭
=

ௗ௭

௬మ
… (2 Marks) 

𝑥ଷ − 𝑦ଷ = 𝑎  &𝑥ଶ − 𝑧ଶ  = 𝑏are two solutions.....(3 marks). 

𝑓(𝑢, 𝑣) = 0 𝑜𝑟 𝑢 = 𝑓(𝑣).......(1 mark) 

For any alternate correct answers give full marks 

6 

 b) Equation of plane  𝑙𝑥 + 𝑚𝑦 + 𝑛𝑧 = 1, where 𝑙ଶ + 𝑚ଶ + 𝑛ଶ = 1 (2 Marks) 

Finding pde as 𝑧 = 𝑝𝑥 + 𝑞𝑦 + ඥ𝑝ଶ + 𝑞ଶ + 1…(3 Marks) 

   OR 

Equation of plane  𝑙𝑥 + 𝑚𝑦 + 𝑛𝑧 + 𝑑 = 0......(1 mark) 

±ௗ

√మାమାమ
= 𝑘..........(1 mark) 

𝑙𝑥 + 𝑚𝑦 + 𝑛𝑧 ± 𝑘√𝑙ଶ + 𝑚ଶ + 𝑛ଶ = 0......(1 mark) 

𝑙 =  −𝑛𝑝       𝑚 =  −𝑛𝑞.........(1 mark) 

𝑧 = 𝑝𝑥 + 𝑞𝑦 ± 𝑘ඥ𝑝ଶ + 𝑞ଶ + 1…(1 marks) 

5 

OR 

20 a) 𝑑𝑥

𝑥ଶ(𝑦 − 𝑧)
=  

𝑑𝑦

𝑦ଶ(𝑧 − 𝑥)
=  

𝑑𝑧

𝑧ଶ(𝑥 − 𝑦)
… … . (2 𝑚𝑎𝑟𝑘𝑠) 

𝑥𝑦𝑧 = 𝑎  &
ଵ

௫
+

ଵ

௬
+

ଵ

௭
= 𝑏 are two solutions.......(3 marks) 

𝑓(𝑢, 𝑣) = 0 𝑜𝑟 𝑢 = 𝑓(𝑣).......(1 mark) 

For any alternate correct answers give full marks 

6 

 b) Finding characteristic roots 𝑚 = −2, −1….(1 Mark) 5 
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𝐶𝐹 = 𝜙ଵ(𝑦 − 𝑥) + 𝜙ଶ(𝑦 − 2𝑥)….(1 Mark) 

Evaluating 𝑃𝐼 =
௫ర௬మ

ଵଶ
−

௫ఱ௬

ଵ
+

௫ల

ଵ଼
 …(3 Marks) 

Module V 

21  Wave equation, Initial and Boundary conditions…(3 Marks) 

General solution 

 𝑢(𝑥, 𝑡) = (𝐴𝑐𝑜𝑠 𝜆𝑥 + 𝐵 sin 𝜆𝑥) (𝐶 cos 𝑎𝜆𝑡 + 𝐷 sin 𝑎𝑡) ...........(1 Mark) 

A = 0, 𝜆 =
గ


…. (2) 

𝐴=0     ….(1 mark) 

Evaluating 𝑏 =
ସ଼ఒ

యగయ
sin

గ

ଶ
…(3 marks) 

10 

 

OR 

22  Wave equation, Initial and Boundary conditions…(3 Marks) 

𝑢(𝑥, 𝑡) = (𝐴𝑐𝑜𝑠 𝜆𝑥 + 𝐵 sin 𝜆𝑥) (𝐶 cos 𝑎𝜆𝑡 + 𝐷 sin 𝑎𝑡) .......(1 Mark) 

A = 0, 𝜆 =
గ


…. (2) 

𝑏 = 0.........(1) 

Evaluating 𝐴 =
ଵସସ

యగయ
{1−(−1)} …(3 Marks) 

10 

Module VI 

23  Heat equation, Initial and Boundary conditions….......(3 Marks) 

General solution𝑢(𝑥, 𝑡) = 𝑎 𝑐𝑜𝑠𝜆𝑥 + 𝑏𝑠𝑖𝑛 𝜆𝑥) 𝑐𝑒ିఈమఒమ௧  … … . . (1 mark) 

A = 0, 𝜆 =
గ

ଶ
… …. (2) 

Evaluating 𝐵 =
ଵ

యగయ
{1−(−1)} ….(3 Marks) 

Writing final solution …(1 Marks) 

10 

OR 

24  Steady state conditions 𝑢 = 5𝑥 + 50 …(2 Marks) 

Initial and boundary conditions …..(2 Marks) 

𝑢(𝑥, 𝑡) = 𝑢ଵ(𝑥) + 𝑢ଶ(𝑥, 𝑡) ….(1 Mark) 𝑢ଵ(𝑥) = −3𝑥 + 90………(2 Marks) 

Evaluating 𝑢ଶ(𝑥, 𝑡) = ∑
ି଼

గ
[(−1) + 1] sin(

గ௫

ଵ
) 𝑒

షഀమమഏమ

భబబஶ
ୀଵ  …. (2 Marks) 

Writing final 𝑢(𝑥, 𝑡)….(1 Mark) 

10 

**** 

 


