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A1900 

Final Scheme/ Answer Key for Valuation  
Scheme of evaluation (marks in brackets) and answers of problems/key 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
FIRST SEMESTER B.TECH DEGREE EXAMINATION, JANUARY 2019 

Course Code: MA101 
Course Name: CALCULUS 

Max. Marks: 100  Duration: 3 Hours 
PART A 

 Answer all questions, each carries5 marks. Marks 

1 a) │𝑢௞│=│௖௢௦௞

௞మ  │≤ │
ଵ

௞మ │=│𝑣௞│ …………..(1) 
Convergent by comparison test ………(1) 

(2) 

 b)       To write  𝑢௞  = (ଶ௞)!

ସೖ and𝑢௞ାଵ= (ଶ௞ାଶ)!

ସೖశభ   ……….(1) 

     Ratio test:  , lim௡→ஶ
௨ೖశభ

௨ೖ
= ∞  …………(1)Divergent ………..(1) 

(3) 

2 a) డ௭

డ௫
= −4 cos(𝑦ଶ − 4𝑥) … … … … . (1) ቀ

డ௭

డ௫
ቁ

(ଷ,ଵ)
= −4 cos 11………(1) (2) 

 b) 𝜕𝑧

𝜕𝑥
=

2𝑥𝑦

1 + 𝑥ସ𝑦ଶ
… … … … … (1)

𝜕𝑧

𝜕𝑦
=

𝑥ଶ

1 + 𝑥ସ𝑦ଶ
… … … . . (1) 

𝑑𝑧 =
డ௭

డ௫
𝑑𝑥 +

డ௭

డ௬
𝑑𝑦 =

ଶ௫௬

ଵା௫ర௬మ
𝑑𝑥 +

௫మ

ଵା௫ర௬మ
𝑑𝑦……..(1) 

(3) 

3 a) 𝑓௫(2,0) = 1 ;  𝑓௬(2,0) = 2 ………(1) 
Direction in which𝑓 decreases  = −∇𝑓(2,0) = −𝑖 − 2𝑗 … ..(1) 

(2) 

 b) (∇𝑓)(1,1,3) =  −4i − 2j + k … … ..(1) 
Tangent plane:−4(𝑥 − 1) − 2(𝑦 − 1) + (𝑧 − 3) = 0 (2) 
( one mark may be given for  correct formula of tangent plane, if other steps are wrong) 
OR  4𝑥 + 2𝑦 − 𝑧 = 3 …………(2) 

(3) 

4 a) ∫ ∫ 𝑦 sin 𝑥𝑦
ଶ

ଵ
𝑑𝑥 𝑑𝑦

గ

଴
 …………(1)Any one integration (1)Ans: 0 …………………… (2) 

 b) 
∫ 𝑥 ቂ

ିଵ

(ଵା௫௬)௫
ቃ

଴

ଵଶ

଴
= ∫ ቂ1 − 

ଵ

௫ାଵ
ቃ 𝑑𝑥

ଶ

଴
……..(1+1)= 2− ln 3……(1) (3) 

5 a) ∫ 𝐴. 𝑑𝑟 = ∫ (9𝑡ଶଵ

଴
− 28𝑡଺ + 60𝑡ଽ)𝑑𝑡 … … . . (1)     𝐴𝑛𝑠 = 5……(1) (2) 

 b) 

∇x𝐹 ሬሬሬ⃗ =ተ

𝑖 𝑗 𝑘
డ

డ௫

డ

డ௬

డ

డ௭

(𝑥ଶ − 𝑦𝑧) (𝑦ଶ − 𝑥𝑧) (𝑧ଶ − 𝑥𝑦)

ተ  = 0 …………(1+1+1)  (3) 

6 a) 𝑑𝑖𝑣 𝐹 = 6(𝑥ଶ + 𝑦ଶ + 𝑧ଶ − 2) 
Sources outside the sphere 𝑥ଶ + 𝑦ଶ + 𝑧ଶ = 2…………(1) 
Sinks inside the sphere 𝑥ଶ + 𝑦ଶ + 𝑧ଶ = 2………(1) 

(2) 

 b) By divergence theorem, ∬ 𝐹ത
ௌ

. 𝑛ത𝑑𝑠 = ∭ 𝑑𝑖𝑣 𝐹ത
ீ

 𝑑𝑉…..(1) 
𝐷𝑖𝑣 𝐹 = 4 + 2𝑧………(1) 

= ∬ ∫ (4 + 2𝑧)𝑑𝑧  𝑑𝐴
ଷ

଴ோ
=21 x  4𝜋 = 84 𝜋 … ….…….(1) 

(Even without stating the theorem, if the answer is correct give full mark𝑠) 
 
 
 
 

(3) 
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PART BModule 1 
Answer any two questions, each carries5 marks. 

 
7  𝑢௞ =

ଷ.ସ.ହ….(௞ାଶ)

ସ.଺.଼…..(ଶ௞ାଶ)
 ………….(1)𝑢௞ାଵ =

ଷ.ସ.ହ….(௞ାଶ)(௞ାଷ)

ସ.଺.଼…..(ଶ௞ାଶ)(ଶ௞ାସ)
………(1) 

ρ = lim௞→ஶ
௨ೖశభ

௨ೖ
=  lim

௞→ஶ

௞ାଷ

ଶ௞ାଶ
=

ଵ

ଶ
< 1…………(1+1) 

By ratio test the series converges………………..(1) 

(5) 

8 
 𝜌 =  ቚ

௫ିସ

ଷ
ቚ……………………………(2) 

𝜌 < 1 𝑔𝑖𝑣𝑒𝑠 |𝑥 − 4| < 3…………….(1)1 < 𝑥 < 7…………….(1)𝑅 = 3…………(1) 
Or(suitable steps marks may be given  for alternate correct method.) 

(5) 

9 
 |𝑢௞ାଵ| =

ଷమೖశభ

(௞ାଵ)మାଵ
|𝑢௞| =  

ଷమೖషభ

௞మାଵ
 ………………..(1+1) 

ρ = lim௞→ஶ |
௨ೖశభ

௨ೖ
| = 9 ………(2) ρ>1 ; diverges………(1) 

(5) 

Module 1I 
Answer any two questions, each carries5 marks. 

10 
 డ௨

డ௬
=

௫య

௫మା௬మ − 2𝑦 𝑡𝑎𝑛ିଵ ቀ
௫

௬
ቁ +  

௫௬మ

௫మା௬మ =  𝑥 − 2𝑦 𝑡𝑎𝑛ିଵ ቀ
௫

௬
ቁ………..(2+1) 

డమ௨

డ௫డ௬
= 1 −

ଶ௬మ

௫మା௬మ =  
௫మି௬మ

௫మା௬మ…………………..(1+1) 
(5) 

11 

 డ௭

డ௥
=

డ௭

డ௫

డ௫

డ௥
+

డ௭

డ௬

డ௬

డ௥
…………(1) 

= 𝑒
ೣ

೤[𝑦 + 𝑥] cos 𝜃 + 𝑥𝑒
ೣ

೤ ቂ1 −
௫

௬
ቃ 𝑠𝑖𝑛𝜃 … … … (1)= √3𝑒√ଷ……(1) 

𝜕𝑧

𝜕𝜃
=

𝜕𝑧

𝜕𝑥

𝜕𝑥

𝜕𝜃
+

𝜕𝑧

𝜕𝑦

𝜕𝑦

𝜕𝜃
= 𝑒

ೣ

೤[𝑦 + 𝑥] (−r sin 𝜃) + 𝑥𝑒
ೣ

೤ ൤1 −
𝑥

𝑦
൨ (𝑟 𝑐𝑜𝑠𝜃) … … (1) 

= (2 − 4√3)𝑒√ଷ………..(1) 

(5) 

12 
 𝑓 = 𝑥𝑦 + 2𝑦𝑧 + 2𝑥𝑧 = 𝑥𝑦 +

଺ସ

௫
+

଺ସ

௬
…………..(1) 

Critical point (4,4)…………………(2) 
At (4,4) 𝑓 has relative maximum……….(1)Dimension of the box = 4 x 4 x 2…(1) 

(5) 

Module III 

Answer any two questions, each carries5 marks. 

13 

 𝜕𝑟

𝜕𝑡
=  −4𝑠𝑖𝑛𝜋𝑡 𝚤̂ + 4𝜋𝑐𝑜𝑠𝜋𝑡𝚥̂ + 𝑘෠ … … … . (1) 

ฬ
𝜕𝑟

𝜕𝑡
ฬ = ඥ16𝜋ଶ + 1 … … … … … … (1) 

Distance = ∫ ቚ
డ௥

డ௧
ቚ 𝑑𝑡 = 4

ହ

ଵ
√16𝜋ଶ + 1 … … … … (2) 

Displacement = 𝑟(5) − 𝑟(1) = 4𝑘෠…………….(1) 

(5) 

14  
ቀ

ௗ௥⃗

ௗ௧
ቁ

௧ୀ௧బ

=
଺

√௧
𝚤 +

ଷ√௧

ଶ
𝚥……(2) 

 Speed = 
t

t

4

9144 2
….(1) 4,0  tat

dt

ds
…..(1) 

Rest ……..(1) 

 Min Speed= 23    location ji


824   

(5) 

15  
kjtit

dt

rd

tt












00 cossin

0

…….(1) 00 )()( tvtrtr 


………(1)  

tttzttttyttttx  00000 )(,cossin)(,sincos)( ………. (2)  

(5) 
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At t = π, ttzttyx   )(,)(,1)(
 

𝑟(𝑡) =  −𝑖 − 𝑡𝑗 + (1 + 𝑡)𝑘…………………(1) 
 

Module 1V 
Answer any two questions, each carries5 marks. 

16  region… … (1) ∫ ∫ 𝑦𝑑𝑦𝑑𝑥
√ଶହି௫మ

ହି௫

ହ

଴
……….. (2) 

=∫ (5𝑥 − 𝑥ଶ)𝑑𝑥
ହ

଴
………..(1)  Ans: 

ଵଶହ

଺
 ……………. (1) 

(5) 

17  
∫

ଵ

௫

ଶ

ଵ
ቂ𝑡𝑎𝑛ିଵ ቀ

௬

௫
ቁቃ

଴

௫

𝑑𝑥 ……….(1) 

= ∫
ଵ

௫
𝑡𝑎𝑛ିଵଶ

ଵ
(1)𝑑𝑥 … … … . (1)= 

గ

ସ
∫

ଵ

௫
𝑑𝑥

ଶ

ଵ
 …………..(1) 

=
గ

ସ
[ln 𝑥]ଵ

ଶ =
గ

ସ
𝑙𝑛2 …………….(2) 

(5) 

18  ∫ ∫ ∫ 𝑥
௔ି௫ି௬

଴
𝑑𝑧𝑑𝑦𝑑𝑥

௔ି௫

଴

௔

଴
(2) ∫ ∫ 𝑥(𝑎 − 𝑥 − 𝑦)𝑑𝑦𝑑𝑥

௔ି௫

଴

௔

଴
…….(1) 

 

∫
ଵ

ଶ
[𝑎ଶ𝑥 − 2𝑎𝑥ଶ + 𝑥ଷ]𝑑𝑥

௔

଴
….. (1)   Ans:

௔ర

ଶସ
…….(1) 

(5) 

Module V 

Answer any three questions, each carries5 marks. 
19  let 𝐹⃗ = ∇∅        

డ∅

డ௫
= 2𝑥𝑦 + 𝑧ଷ           ⇒∅ = 𝑥ଶ𝑦 + 𝑥𝑧ଷ + 𝑓(𝑦, 𝑧)…….(2) 

డ∅

డ௬
= 𝑥ଶ              ⇒∅ = 𝑥ଶ𝑦 + 𝑔(𝑥, 𝑧)……….(1) 

డ∅

డ௭
= 3𝑥𝑧ଶ      ⇒∅ = 𝑥𝑧ଷ + ℎ(𝑥, 𝑦)………(1)∅ = 𝑥ଶ𝑦 + 𝑥𝑧ଷ + 𝑐……(1) 

(5) 

20  
𝑊 = න 𝐹. 𝑑𝑟 = න (𝑥ଶ + 𝑦ଶ)𝑑𝑥 − 𝑥𝑑𝑦 … . (2)

஼஼

= න 𝑑𝑥 − 𝑥𝑑𝑦 … (1)

= න − sin 𝜃  𝑑𝜃 − cosଶ 𝜃  𝑑𝜃 … … (1) = −
𝜋

4

ഏ

మ

଴

− 1 … . . (1) 

(5) 

21  
𝑟(𝑡) = 𝑡𝚤̅ + 2𝑡𝚥̅ ⇒ 𝑥 = 𝑡, 𝑦 = 2𝑡 ⇒ 𝑥 = 𝑑𝑡, 𝑑𝑦 = 2𝑑𝑡 … …(1) 

∫ 𝐹ത
𝐶

 . 𝑑𝑟ത =  ∫ 𝑦2𝑑𝑥 + 𝑥𝑦 𝑑𝑦  
𝐶

= ∫ 4𝑡2𝑑𝑡 + 𝑡 2𝑡  2𝑑𝑡
ଷ

1
………….(1+1) 

= ∫ 8𝑡ଶ𝑑𝑡
ଷ

1
……….(1)= ଶ଴଼

ଷ
……….(1) 

(5) 

22  
න 𝑦 𝑑𝑥 + 𝑧 𝑑𝑦 + 𝑥 𝑑𝑧 

 = ∫ sin 𝜋𝑡 (− sin 𝜋𝑡 ) 𝜋 𝑑𝑡 + 𝑡 cos  𝜋𝑡 𝜋 𝑑𝑡 + 𝑐𝑜𝑠𝜋𝑡 𝑑𝑡
ଵ

଴
…………(1)Integration………….(2)   

Applying limits   ( 1)Answer = ିగ

ଶ
−  

ଶ

గ
  (1) 

(5) 

23  ∇𝑓(r) =
௙ᇲ(୰)

୰
𝐫̅…….(2) 

∇ଶ𝑓(𝑟) = ∇.
௙ᇲ(୰)

୰
𝐫̅  = 𝑓ᇱ(r) ቀ∇.

୰ത

୰
ቁ  + ∇(1/𝑟). 𝑟̅…………..(1) 

= 𝑓ᇱ(𝑟)
ଶ

௥
+

௙"(௥)

௥
𝑟.ഥ

௥̅

௥

̅
…………(1) 

=
ଶ

௥
𝑓ᇱ(𝑟) + 𝑓ᇱᇱ(𝑟)……………(1)(Suitable step marks may be given for alternate 

correct method) 

(5) 

Module VI 
Answer any three questions, each carries5 marks. 

24  𝐵𝑦 𝑠𝑡𝑜𝑘𝑒ᇱ𝑠 𝑡ℎ𝑒𝑜𝑟𝑒𝑚 ∫ 𝐹 ഥ
஼

. 𝑑𝑉= ∫ ∫ 𝑐url 𝐹.ഥ 𝑛ത dS … … … .
ோ

(1)  
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(Even without stating the theorem, if the answer is correct give full mark𝑠) 
𝐹ത = 𝑥𝑦 𝑖 ̅ + 𝑦𝑧 𝑗 ത +  𝑥𝑧 𝑘ത 

  Curl 𝐹ത = ∇ × 𝐹ത  =  ተ
𝚤̅ 𝚥 ̅ 𝑘ത

డ

డ௫

డ

డ௬

డ

డ௭

𝑥𝑦 𝑦𝑧 𝑥𝑧

ተ = −𝑦 𝚤̅ − 𝑧 𝚥 ഥ −  𝑥 𝑘ത……..(1) 

𝑥 + 𝑦 + 𝑧 = 1   ⇒ 𝑧 = 1 − 𝑥 − 𝑦       𝑛ෝ = 𝚤+̅𝚥̅ + 𝑘ത…………(1) 
𝑐𝑢𝑟𝑙𝐹. 𝑛ො =  −𝑦 − 𝑧 − 𝑥……………….(1) 

The rectangular region in the 𝑥𝑦 plane is enclosed by 𝑥 + 𝑦 = 1, 𝑥 = 0, 𝑦 = 0 

∫ ∫ோ
− 𝑦 − 𝑧 −  𝑥  dA=  − ∬   𝑑𝐴

ோ
=  −𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 ∆=  −

ଵ

ଶ
… ..…(1) 

(or by using 𝑛ത dS  and evaluation of integrals) 

 
 
 
 

(5) 

25  𝐵𝑦 𝐺𝑟𝑒𝑒𝑛′𝑠 𝑡ℎ𝑒𝑜𝑟𝑒𝑚 ∫ 𝑃 𝑑𝑥 + 𝑄 𝑑𝑦 = ∬ (
ோ

డொ

డ௫஼
−   

డ௉

డ௬
) 𝑑𝑦 𝑑𝑥 … … …    ( 1) 

ඵ 9 𝑑𝑦 𝑑𝑥 … … . . (2)
ோ

 

= 9 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑖𝑟𝑐𝑙𝑒 𝑥ଶ + 𝑦ଶ = 1………….(1) = 9 𝜋 … … … … …   ( 1) 
(Even without stating the theorem, if the answer is correct give full mark𝑠) 

(5) 

26  𝑧 = 𝑔(𝑥, 𝑦) = ඥ𝑥2 + 𝑦2 ⇒ 

𝑧ଶ = 𝑥2 + 𝑦2 ,
𝜕𝑧

𝜕𝑥
=

𝑥

ඥ𝑥2+𝑦2
,

𝜕𝑧

𝜕𝑦
=

𝑦

ඥ𝑥2+𝑦2
…(1)𝑀𝑎𝑠𝑠, 𝑀 =  ∬ 𝛿଴ఙ

 𝑑𝑆 

𝑀 =  ∬ 𝑥ଶ𝑧
ோ

𝑑𝑆 =∬ 𝑥ଶ𝑧
ோ ට(

௫

ඥ௫మା௬మ
)ଶ + (

௬

ඥ௫మା௬మ
)ଶ + 1  𝑑𝐴………..(1) 

 

=  √2 ∬ 𝑥ଶ
ோ

ඥ𝑥ଶ + 𝑦ଶ 𝑑𝐴  ……..(1) 
By polar coordinates, 𝑥 = 𝑟 cos 𝜃, 𝑦 = 𝑟 𝑠𝑖𝑛𝜃, 𝑑𝐴 = 𝑟 𝑑𝑟 𝑑𝜃,  

0 ≤ 𝜃 ≤ 2𝜋, 1 ≤ 𝑟 ≤ 3 

= √2 ∫ ∫ 𝑟ଶଷ

ଵ

ଶగ

଴
𝑐𝑜𝑠ଶ𝜃 𝑟 𝑑𝑟 𝑑𝜃 =  

ଶସଶ√ଶగ      

ହ
………(2) 

(suitable step marks may be given for evaluation of integrals using alternate 
methods) 

(5) 

27  𝑑𝑖𝑣 𝐹 = 3(𝑥ଶ + 𝑦ଶ + 𝑧ଶ)……………….(1) 

𝐹𝑙𝑢𝑥 = ඵ 𝐹. 𝑛 𝑑𝑠 

ఙ

=  ම 𝑑𝑖𝑣 𝐹

ீ

 𝑑𝑉 

= ∭ 3(𝑥ଶ + 𝑦ଶ + 𝑧ଶ)
ீ

 𝑑𝑉 … … … . (2) (suitable step marks may be given for 
evaluation of integrals using alternate methods) 

= 3 ∫ ∫ ∫ 4𝑟ଷ +
଺ସ௥

ଷ

ସ

଴

ଶ

଴

ଶగ

଴
𝑑𝑟 𝑑𝜃 = 352𝜋 ………(1+1) 

(5) 

28    Let 𝐹⃗ = 𝑥𝑖 + 2𝑦𝑗 + 3𝑧𝑘   .Since is a Closed surface ,by divergence theorem  

∬ 𝐹⃗
௦

. 𝑛 𝑑𝑠 = ∭ 𝑑𝑖𝑣 𝐹 𝑑𝑣
௏

…….(1) 
But 𝐷𝑖𝑣 𝐹 = 1 + 2 + 3 = 6………(1) 

∬ 𝐹⃗
௦

. 𝑛 𝑑𝑠 = ∭ 𝑑𝑖𝑣 𝐹 𝑑𝑣
௏

= 6 xVolume enclosed by S……..(2) 

=  6 xସ

ଷ
𝜋  x 1  = 8𝜋……(1) 

(suitable step marks may be allotted for evaluation by using surface integrals) 
 
(Even without stating the theorem, if the answer is correct give full mark𝑠) 

(5) 

***** 


