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Calculus 

1. If  y = eax sin bx, find yn 

2. If  y = 
ଵ௫మ ା௔మ find yn 

3. State and prove Leibnitz’s Theorem. (n-th derivation of the product of two functions) 
 

4. If  ݕ భ೘+ ݕ భ೘ = 2x, prove that (x2 – 1) y2 + xy1 – m2y = 0, where y1 = 
ௗ௬ௗ௫,  y2 = = 

ௗమ௬ௗ௫మ   
 

5. If ݕ = ௌ௜௡షభ୶√ଵି௫మ  ,  x  < 1, show that   
 

i. ( 1 – x2)y2 – 3xy1 – y = 0 
ii. (1 – x2)yn+2 – (2n + 3)xyn+1 – (n + 1)2yn = 0 

6. If y = cos(10 cos-1 x) , show that (1-x2)y12 = 21xy11 
 

7. If y = cos (m sin-1 x), Show that 
 

i. (1 – x2)y2 – xy1 + m2y = 0 
ii. (1 – x2)yn+2 – (2n + 1)xyn+1 + (m2 – n2)y = 0 

Also, find the value of yn when x = 0 

8. If y = ecos-1x , Show that an equation connecting  yn , yn+1 and yn+2 is given by  
(1 – x2)yn+2 – (2n + 1)xyn+1 – (n2 + 1)yn = 0 
 

9. If y = sin-1 x, then show that 
i. (1 – x2)y2 – xy1 = 0 

ii. (1 – x2)yn+2 – (2n + 1)xyn+1 – n2yn = 0 
Find also the value of (yn) 0 

 

10. If log  y = tan-1x , then prove that 
i. (1 + x2)y2 + (2x – 1)y1 = 0 

ii. (1 + x2)yn+2 + (2nx + 2x – 1)yn+1 + n(n+1) yn = 0 
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11. State Maclaurin’s series Infinite from. 

12. State Rolle’s theorem- Expansion of function in Infinite power series. Taylor’s serious 
(extended to infinity) 
 

13. Expand (sin-1x)2 in a series of ascending power of x. 

14. Assuming expansion of sin x , prove that   

                              cos ݔ = 1 − ௫మଶ! + ௫రସ! − ௫ల଺! + ⋯  

From the series             Sin x = ݔ − ௫యଷ! + ௫ఱହ! − ௫ళ଻! + ⋯ 
which converges for all vales of x, we get the required result by differentiation. 

15. Show that the maximum value of xy subject to the condition 

3x + 4y = 5 is  
ଶହସ଼ 

16. When does the function sin3x - 3sinx attain its maximum or minimum values in (0, 2π)? 

17. Show that of all rectangles of given area, the square has the smallest perimeter. 

18. Show that the maximum value of x2 log  ቀ  ଵ௫ ቁ is  ଵଶ௘ . 
19. Prove that the function f (x, y) = x3 +3x2 + 4xy + y2 attains a minimum at the point   ቀ  ଶଷ , −   ସଷቁ . 
20.  Find the extreme value of f (x, y) =2 x2 - xy + 2y2 - 20x. 
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Vectors 
 

1.  If  r  = a cos wt + b sin wt, show that 
 

i. r  x   
ௗ௥ௗ௧  = w a  x  b                                ii.  

ௗమ௥ௗ௧మ = − wଶ r 

 
Where a and b are constant vectors 
 

2.     If  r1  =  t2 i  −  t j  + (2t + 1) k 
 

         r2 = (2t - 3) i  +  j  −  t k,  
 

Find (i)    d     (r1   .  r2)                 (i)      d     (r1 × r2)        when t = 1          
                  dt                                               dt 

 

3. If a is a unit vector, prove that 

a x  
ௗ௔ௗ௧   =   ௗ௔ௗ௧  

    
 

4. If r  is the unit vector in the direction of r, show that r x d r = ୰ ୶ ୢ ୰୰మ    
5. If  F = 

௥ ୶ ௔௥ .௔   where a is a constant vector, find 
ௗ ிௗ௧  .  

6. If        a =  sinѲ i  + cosѲ j  + Ѳ k 

                            b = cosѲ i  -  sinѲ j  - 3 k 
                             c =  2 i  + 3 j  -  k  
              find  

ௗௗѲ {a x ( b x c)} at Ѳ = 0 

7. A particle moves along the curve  x = a cos t, y = a sin t and z = bt, find velocity and 

acceleration at t = 0 and t = π/2. 
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8. If a and b are constant vector and t the time variable, show that a particle whose position 

vector at any instant is  
r = a cos wt + b sin wt 

         is moving in an ellipse whose centre is the origin and that the motion is due to a central    
         force varying as the distance. 

9. Evaluate  
ௗ௬ௗ௫  ቆr . d rdt  x ݀2 ݎdt2  ቇ 

10. Show the necessary and sufficient condition for the vector V of the scalar variable t to 

have constant magnitude is  

         ܸ. ݐܸ݀ ݀    = 0 

11. If  ܸ x   ݀ ܸ݀ݐ  = 0, then Show that V (t) is a constant vector i.e V (t) has a fixed direction. 

12. Find the value of r satisfying the equation       

   a x  ݀2 ݎdt2    = b; ( a . b = 0 ) 

13.  If r = a cos t i  + a sin t j  +  t k , find    d rdt , dt2ݎ 2݀     and    ݀2 ݎdt2  

14.  If r  =  t2i  -  t j  +  ( 2t  +  1) k , find the value of  

i.  d rdt . dt2ݎ 2݀         ii.  d rdt            iii.     ݀2 ݎdt2      at   t  = 0 

15.  If r1  =  t3 i  -  t2 j  +  t k and r2 = (t +1) i  +  (t + 2) j  -  3t k, find  

i.  d dt ( r1  .  r2)        ii.   d dt ( r1  x   r2)   at t =2 

16.  If r = a ent + b e-nt where a, b are constant vectors, show that  
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dt2ݎ 2݀  – n2 r = 0 

17.   Given    r  = 4a sin3Ѳ i  +  4a cos3Ѳ j  +  3b cos2Ѳ k, prove that  

   ቆ d rdѲ  x ݀2 ݎdѲ2 ,  dѲ3ቇ = - 216 a2b sin32Ѳݎ 3݀

18.  A particle moves along a curve whose parametric equation are x = e-1, y = a cos 3t,  

z = b sin3t where t is the time and a  and  b are constant scalars. 

i. Determine its velocity and acceleration at any time. 

ii. Find the magnitudes of velocity and acceleration at t = 0. 

19.  If  d adt  = c x a,  d bdt   = c x b , show that  d dt (a x b) = c x (a x b) 

20. Prove that 

  d dt  ቄݑ × ݐ݀ݒ ݀ ݐ݀ݑ ݀ − × dt2ݒቅ = ቊu × ݀2ݒ dt2ݑ 2݀ −  ×  ቋ ݒ

21.  Evaluate the derivatives of the following w.r.t.  t . 

           
 r2 + a2ܽ + ݎ

22.  Evaluate  
݀2dt2   ቆr . drdt  × dt2ݎ 2݀  ቇ 

23.  Evaluate     
ୢୢ୲ ቄቀr × ௗ௥ௗ௧ ቁ  × ቀ ௗమ௥ୢ୲మ  ቁቅ 

24.  If v . 
ୢ୴ୢ୲  ×  ୢమ୴ୢ୲మ   = 0, show that v × 

dvdt   has a fixed direction and that v is parallel to 

a fixed plane. 

25.   Grad (∅ ± ± ∅) grad = (ߖ   ߖ ݀ܽݎ݃
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          i.e.  ∇(∅ ± (ߖ  =  ∇∅ ±   ߖ∇
26. Div ( a ± b ) = div a ± div b 

                  i.e.  ∇(ܽ ±  ܾ) =  ∇. a ± ∇. b  
  

27.  Curl ( a ± b ) = curl a ± curl b 

               i.e.  ∇(ܽ ±  ܾ) =  ∇  ×  a ± ∇  ×  b 

28.  Grad (∅ߖ) = ∅ grad ݀ܽݎ݃ߖ + ߖ ∅ 

          i.e.  ∇(∅ߖ) = + ߖ∇∅    ∅∇ߖ
29.  ∇ ቀ∅ߖቁ = మߖߖ∇∅ −∅∇ߖ   

30.  Curl (∅ ܽ) = ቀ݅ డడ௫  + ݆ డడ௬  + ݇ డడ௭ቁ  ×  (∅ ܽ)  
          i.e.  ∇(∅ ܽ) =  ∅(∇ × ܽ) + (∇∅) × a  

31.  Div ( a × b ) = b . (curl a) – a . (curl b) 
                  i.e.  ∇(ܽ ×  ܾ) =  b . (∇  × ܽ) −  a . (∇  ×  ܾ)  

32.  Curl ( a × b) = ∇ × ( a × b) = (b . ∇) a – (a . ∇)b + a div b – b div a 

33.  ∇  × (∇∅) = 0 i.e curl (grad ∅ ) = 0 

34. Div (curl v ) = 0 i.e ∇ . (∇  × v) = 0 

35.  Find the unit vector normal to the surface z2 = x2 + y2 at the point (-1, -2, 5) 

36. If V = x2yz i + xy2z j + xyz2 k, find  

i) div V              ii) curl V        iii) curl curl V 

37.    Find curl V, where V = exyz ( i + j + k ) 

38.  Find div (crul F ) where F = x2y i + xz j + 2yz k 

39.  If F = (x + y + 1) i + j – (x + y) k , show that F . curl F = 0 
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40. Find div V and curl V where V = ∇ (x3 + y3 + z3 – 3xyz) 

41. Evaluate i) ∇ . r                  ii) ∇  × r 

42. Evaluate ∇ r୫ 

43. Evaluate ∇ଶ (r୫) 

44. Prove that div (grad r୫) = ∇ . (∇r୫) = m(m + 1)r୫ିଶ 

45. If r be a position vector and a, b are constant vector, prove that 

i) div [( r × a) × b] = 2 b . a 
ii) curl [( r × a) × b] = b × a 

iii)  a . ∇ ቀܾ . ∇ ଵ௥ቁ =  ଷ(௔ .௥)(௕ .  ௥)r2 −  ௔ .  ௕r3  

46.  Prove that  

div ( u∇v) – div (v∇u) = ݒ2∇ݑ −  ݑ2∇ݒ

          i.e  ∇ . (u∇v − u∇u) = ݒ2∇ݑ −  ݑ2∇ݒ

47.  Find  ∇∅, if 

i) ∅ = log(x2 + y2 + z2) 

ii) ∅ = x sinz − y cosz 

iii) ∅ = r2e-r 

iv) ∅ = x2 + y – z – 1 at the point ( 1, 0, 0) 

 
 

48.  Find  ∇ . F where 

i) F = 4x2 i + 3xy j + 9z2x k  
ii) F = x2z i – 2y3z2 j + xy2z k 

iii) F = (x2 – y2) i  + 2xy j + (y2 – xy) k 

49.   Find  the curl of the vectors 

x2z i – 2y3z2 j + xy2z k at the point (1, -1, 1) 



` 

 

GIIT PROFESSIONAL COLLEGE 
(Affiliated to KOLHAN UNIVERSITY, Chaibasa)

Question Bank Course : BSc IT 1st Year 

Subject Code : ITS01 Subject : MATHEMATICS 

All questions carry equal marks.  

50.  If r = x i + y j + z k, find r . ∇∅ where ∅ = x3 + y3 + z3 – 3xyz 

51.  Find div F and curl F = x cosz i + y log x j – z2k 

52. Find the unit vector normal to the surface x2y + 2xz = 4 at the point (2, -2, 3) 

53. Show that div grad ቀtan−1 yx ቁ = 0 

54. Compute ∇ଶr, ∇ଶrଶ, ∇ଶ(rିଶ), where r = ඥxଶ + yଶ +  zଶ 

55. Prove that  ∇ଶ ቂ∇.  ቀ ௥୰మቁቃ = 
ଶ୰ర 

56.  If a is constant vector, prove that 

a . ∇.  ቀଵ୰ቁ = ቀܽ .ݎ r3 ቁ 


