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KB-102 
March-2014 

F.Y.B.Sc. (Annual Pattern) 

Mathematics, Paper-I 

(Calculus) 
 

Time :  3 Hours]  [Max. Marks : 105 
 

ÍÛæ̃ Û¶ÛÛ :   (1) ¸ÛóÊ¶Û¸ÛªÛ¾ÛÛ× ïäõÅÛ ÍÛÛ©Û ¸ÛóÊ¶ÛÛé ™öé. 
Instructions :  There are total seven questions in question paper. 

    (2) þùÁéõïõ ¸ÛóÊ¶Û ÍÛ¾ÛÛ¶Û •Ûä̈ Û µÛÁõÛÈÛé ™öé. 
     Each question carry equal marks. 

 

1. (a) ÅÛÛýÛ¼¶Ûà¡ö¶Ûä× ¸Ûó¾ÛéýÛ ÅÛ”ÛÛé …¶Ûé ÍÛÛÜ¼Û©Û ïõÁõÛé. 
  State and prove Leibnitz’s theorem. 

     …¬ÛÈÛÛ/OR 

  ›Ûé y = cos(ax + b), a, b ∈ R, a ≠ 0 ÐüÛéýÛ ©ÛÛé ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ yn = an cos 








ax + b + 
nπ

2
;      

n ∈ N 

  If y = cos(ax + b), a, b ∈ R, a ≠ 0, then prove that yn = an cos 








ax + b + 
nπ

2
, n ∈ N. 

 (b) •Û¾Ûé ©Ûé ¼Ûé •Û¨ÛÛé : 
  Attempt any two : 

  (i) ›Ûé y = 






log x

x
 ÐüÛéýÛ ©ÛÛé yn ÉÛÛéµÛÛé. 

    If y = 






log x

x
, then find yn. 

  (ii) ›Ûé x = cosec 2θ, y = tanmθ ÐüÛéýÛ ©ÛÛé ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ (x2 – 1)yn + 2 + (2n + 1)x yn + 1           

+ (n2 – m2)yn = 0 
   If x = cosec 2θ, y = tanmθ, then prove that (x2 – 1)yn + 2 + (2n + 1)x yn + 1           

+ (n2 – m2)yn = 0 

  (iii) ›Ûé f(x) = tan x, x ≠ (2n + 1) 
π

2
, n ∈ N ÐüÛéýÛ ©ÛÛé ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ  

    fn(0) – nc2 fn – 2(0) + nc4 fn – 4(0) – … = sin 
nπ

2
. 

   If f(x) = tan x, x ≠ (2n + 1) 
π

2
, n ∈ N, then prove that fn(0) – nc2 fn – 2(0) +          

nc4 fn – 4(0) – … = sin 
nπ

2
. 
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2. (a) ïõÛéÉÛà¶Ûà ¼Ûà›÷ ïõÍÛÛé¤øà ÅÛ”ÛÛé …¶Ûé ÍÛÛÜ¼Û©Û ïõÁõÛé. 
  State and prove Cauchy root test. 

    …¬ÛÈÛÛ/OR 

  
∞

Σ
n = 1

an µÛ¶Û ¸ÛþùÛé¶Ûà ËÛé§øà ¾ÛÛ¤éø lim
n → ∞

an + 2

an
 = l ™öé. ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ 0 < l < 1 ¾ÛÛ¤éø ËÛé§øà 

…Ü½ÛÍÛÛÁõà …¶Ûé l > 1 ¾ÛÛ¤éø ËÛé§øà …¸ÛÍÛÛÁõà ™öé. 

  For an infinite series
∞

Σ
n = 1

an with positive terms lim
n → ∞

an + 2

an
 = l, prove that if 0 < l < 1 

then Σ an is convergent and l > 1 then Σ an is divergent. 

 (b) ¶Ûà˜Ûé¶Ûà ËÛé§øà…Ûé¶ÛÛ× …Ü½ÛÍÛÁõ¨Û¶Ûà ˜Û˜ÛÛÙ ïõÁõÛé : (•Û¾Ûé ©Ûé ¼Ûé) 
  Discuss the convergence of the following series : (any two) 

  (i) Σ 
n !

nn  

  (ii) Σ 








1 + 
3

n

n2

 

  (iii) 
x

3
 + 

x2

4
 + 

x3

5
 + …………. + 

xn

n + 2
 + ………….. 

 

3. (a) ÅÛÛ×•ÛóÛ¶›÷¶Ûä× ¾ÛµýÛïõ¾ÛÛ¶Û ¸Ûó¾ÛéýÛ ÅÛ”ÛÛé …¶Ûé ÍÛÛÜ¼Û©Û ïõÁõÛé. 
  State and prove Lagrange’s Mean-value theorem. 

    …¬ÛÈÛÛ/OR 

  ¾ÛéîÅÛÛéÁõà¶Û¶Ûä× ¸Ûó¾ÛéýÛ ÅÛ”ÛÛé. ©Ûé ¸ÛÁõ¬Ûà x ∈ R ¾ÛÛ¤éø ex ¶Ûä× x¶Ûà –ÛÛ©Û¾ÛÛ× ÜÈÛÍ©ÛÁõ¨Û ïõÁõÛé. 
  State Maclaurin’s theorem, using it expand ex, x ∈ R in the powers of x. 

 (b) •Û¾Ûé ©Ûé ¼Ûé •Û¨ÛÛé : 
  Attempt any two : 

  (i) ›Ûé 3a – 4b + 6c – 12d = 0 ÐüÛéýÛ ©ÛÛé ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ÜªÛ–ÛÛ©Û ÍÛ¾ÛàïõÁõ¨Û ax3 + bx2 + cx 

+ d = 0, a ≠ 0 ¶Ûä× …éïõ ¼Ûà›÷ –1 …¶Ûé 0 ¶Ûà ÈÛ˜˜Ûé ™öé. 
   If 3a – 4b + 6c – 12d = 0, then prove that one root of the cubic equation               

ax3 + bx2 + cx + d = 0, a ≠ 0 lies between –1 and 0. 

  (ii) x ¶Ûä× x – 4 ¶ÛÛ ˜Û§ø©ÛÛ –ÛÛ©Û¾ÛÛ× ÜÈÛÍ©ÛÁõ¨Û ïõÁõÛé, x ∈ R+ 
   Expand x in the increasing power of x – 4, where x ∈ R+. 

  (iii) ›Ûé lim
x → π/2

 
cos2x

a – b cosec x
 = 6 ÐüÛéýÛ ©ÛÛé a …¶Ûé b¶ÛÛ ¾ÛæÅýÛÛé ÉÛÛéµÛÛé. 

   If lim
x → π/2

 
cos2x

a – b cosec x
 = 6, then find the value of a and b. 

 

4. (a) 
⌡

⌠

0

π/2

.

.
cosnx dx, n ∈ N¶Ûä× ÅÛ–ÛäïõÁõ¨Û ÍÛæªÛ ¾ÛéÇÈÛÛé. 

  Derive reduction formula for 
⌡

⌠

0

π/2

.

.
cosnx dx, n ∈ N. 
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 (b) •Û¾Ûé ©Ûé ¼Ûé •Û¨ÛÛé : 
  Attempt any two : 

  (i) ˜Û’õ›÷ x = a(θ + sin θ) …¶Ûé y = a(1 – cos θ)¶ÛÛ× …éïõ ˜ÛÛ¸Û¶Ûà ÅÛ×¼ÛÛˆ ÉÛÛéµÛÛé. 
   Find the measure of one arc of the cycloid x = a(θ + sin θ); y = a(1 – cos θ). 

  (ii) ©ÛÛÁõïõ 





x

a

2

3
 + 





y

b

2

3
 = 1 ¶Ûä× x-…“Û¶Ûà …ÛÍÛ¸ÛÛÍÛ ¸ÛÜÁõ½Ûó¾Û¨Û ïõÁõ©ÛÛ× Áõ˜ÛÛ©ÛÛ× –Û¶Û¶Ûä× –Û¶ÛºõÇ 

ÉÛÛéµÛÛé. 
   Find the volume of the solids generated by rotating area of the asteroid               






x

a

2

3
 + 





y

b

2

3
 = 1 about x-axis. 

  (iii) Áõš›æ÷ÈÛ’õ y = 
a

2
 





e

x

a + e
–

x

a  ¶Ûà x = 0 ¬Ûà x = a ÍÛäµÛà¶ÛÛ ˜ÛÛ¸Û¶Ûé x-…“Û …ÛÍÛ¸ÛÛÍÛ 

¸ÛÜÁõ½Ûó¾Û¨Û ïõÁõ©ÛÛ× ¸ÛèÌ¥ø¶Ûä× ¸ÛèÌ¥øºõÇ ÉÛÛéµÛÛé. 
   Find the surface area of the surface generated by revolving arc of the catenary 

y = 
a

2
 





e

x

a + e
–

x

a  between the straight line x = 0 and x = a about x-axis. 

 

5. (a) îÅÛéÁõÛé¤ø¶Ûä× ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé …¶Ûé ©Ûé¶ÛÛ ŠïéõÅÛ ¾ÛÛ¤éø¶Ûà Áõà©Û ÍÛ¾Û›ÛÈÛÛé. 
  Write down the Clairaut’s differential equation and derive the method to solve it. 

…¬ÛÈÛÛ/OR 

  ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û M(x, y) dx + N(x, y) dy = 0 ýÛ¬ÛÛ¬ÛÙ ÐüÛéÈÛÛ¶Ûà …ÛÈÛÉýÛïõ …¶Ûé 

¸ÛýÛÛÙ̧ ©Û ÉÛÁõ©Û 
∂M

∂y
 = 

∂N

∂x
 ™öé. 

  Prove that 
∂M

∂y
 = 

∂N

∂x
 is necessary and sufficient condition for the differential 

equation M(x, y) dx + N(x, y) dy = 0 to be an exact. 

 (b) •Û¾Ûé ©Ûé ¼Ûé ŠïéõÅÛÛé : 
  Attempt any two : 

  (i) x, 
dy

dx
 + y = y2 log x 

  (ii) (3x2 + 6xy2)dx + (6x2y + 4y3)dy = 0 

  (iii) (2x + y – 3)dy = (x + 2y – 3)dx 

 

6. (a) ¸Ûó̃ ÛÜÅÛ©Û ÍÛ×ïéõ©ÛÛé¾ÛÛ× ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ : 

   
1

f(D)
 eax V = eax ⋅ 

1

f(D + a)
 ⋅ V ; šýÛÛ× f(D + a) ≠ 0 …¶Ûé V …é ˜ÛÅÛ x ¶Ûä× ÜÈÛµÛéýÛ ™öé. 

  In usual notation, prove that 
1

f(D)
 eax V = eax ⋅ 

1

f(D + a)
 ⋅ V, where f(D + a) ≠ 0 and 

V is a function of x. 

…¬ÛÈÛÛ/OR 

  ¸Ûó̃ ÛÜÅÛ©Û ÍÛ×ïéõ©ÛÛé¾ÛÛ× ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ 
1

f(D2)
 ⋅ sin ax = 

1

f(–a2)
 ⋅ sin ax ; f(–a2) ≠ 0. 

  In usual notation, prove that 
1

f(D2)
 ⋅ sin ax = 

1

f(–a2)
 ⋅ sin ax, f(–a2) ≠ 0. 
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 (b) •Û¾Ûé ©Ûé ¼Ûé ŠïéõÅÛÛé : 
  Solve any two : 

  (i) (D2 + 5D + 6)y = e2x 

  (ii) (D3 – D2 – 6D)y = x2 + 1 

  (iii) (D4 – 2D3 + 2D2 – 2D + 1)y = 0 

 

7. •Û¾Ûé ©Ûé ªÛ¨Û •Û¨ÛÛé : 
 Attempt any three : 

 (i) …éïõ ïõ¨Û …˜ÛÇ ¸ÛóÈÛé•Û a ÍÛÛ¬Ûé ÍÛäÁéõ”ÛÛ ¾ÛÛ× •ÛÜ©Û ïõÁéõ ™öé. ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ s = ut + 
1

2
 at2,               

v = u + at, v2 = u2 + 2as, šýÛÛ× s …¶Ûé v …¶Ûä’õ¾Ûé t = 0 ÍÛéïõ¶¦éø ïõ¨Ûé ïõÛ¸ÛéÅÛä× …×©ÛÁõ …¶Ûé ¸ÛóÛ¸©Û 
ïõÁéõÅÛ ÈÛé•Û þùÉÛÛÙÈÛé ™öé. u ¸ÛóÛÁ×õÜ½Ûïõ ÈÛé•Û ™öé. 

  A particle travels along a st. line with constant acceleration a, prove that s = ut + 
1

2
 at2, 

v = u + at, v2 = u2 + 2as, where s is the distance covered from the instant t = 0, u is 

the initial velocity and v is the final velocity. 

 (ii) ÈÛé•Û …¶Ûé ¸ÛóÈÛé•Û¶ÛÛ …ÁõàýÛ …¶Ûé …¶Ûä̧ ÛóÍ¬Û ÍÛ×–Û¤øïõÛé ¾ÛéÇÈÛÛé. 
  Find the radial and transverse components of velocity and acceleration. 

 (iii) ›Ûé …éïõ ïõ¨Û¶ÛÛ •ÛÜ©Û¾ÛÛ•Ûéø¶Ûä× ÍÛ¾ÛàïõÁõ¨Û r = a tan θ ÐüÛéýÛ …¶Ûé ©Ûé¶ÛÛ ¸ÛóÈÛé•Û¶Ûà ÜþùÉÛÛ Š•Û¾ÛÝ¼Ûþäù 

©ÛÁõºõ¶Ûà ÐüÛéýÛ ©ÛÛé þùÉÛÛÙÈÛÛé ïéõ ¸ÛóÈÛé•Û 
K2

r3  








3 + 
2a2

r2  ™öé. šýÛÛ× K = r2 ⋅ 
dθ

dt
. 

  The equation of the path of the particle is r = a tan θ and its acceleration is towards 

the origin. Show that the acceleration is 
K2

r3  








3 + 
2a2

r2 , where K = r2 
dθ

dt
. 

 (iv) ¶ýÛæ¤øÛéÜ¶ÛýÛ¶Û ýÛ×ªÛÉÛÛÍªÛ¶ÛÛ× ¾ÛæÇ½Ûæ©Û Ü¶ÛýÛ¾ÛÛé ÅÛ”ÛÛé. 
  State Fundamental laws of Newtonian Mechanics. 

 (v) …éïõ ïõ¨Û •ÛÜ©Û¾ÛÛ•ÛÙ r = aeθ Š¸ÛÁõ …é¶Ûà Áõà©Ûé •ÛÜ©Û ïõÁéõ ™öé ïéõ ©Ûé¶ÛÛ ¸ÛóÈÛé•Û¶ÛÛé …ÁõàýÛ ÍÛ×–Û¤øïõ 

Ð×ü¾ÛéÉÛÛ ÉÛæ¶ýÛ ¬ÛÛýÛ ™öé. ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ 
dθ

dt
 …˜ÛÇ ™öé. ©Ûé¶ÛÛ ÈÛé•Û …¶Ûé ¸ÛóÈÛé•Û¶ÛÛ× ¾ÛÛ¶Û r ¶ÛÛ 

ÍÛ¾Û¸Ûó¾ÛÛ¨Û¾ÛÛ× ™öé. 
  A particle moves on the curve r = aeθ in such a way that the radial component of its 

acceleration is always zero. Prove that 
dθ

dt
 = constant and magnitude of its velocity 

and acceleration are directly proportional to r. 

 

____________ 


