






1. (a) Prove that the sequence {𝑥𝑛}, where 𝑥1 = 1, 𝑥𝑛+1 =
2𝑥𝑛+3

4
 ∀𝑛 ∈ 𝑁 is convergent. 

fl) dhft, fd vuqØe {𝑥𝑛} tgk¡ 𝑥1 = 1, 𝑥𝑛+1 =
2𝑥𝑛+3

4
 ∀𝑛 ∈ 𝑁 vfHklkjh gSA

 (b) Prove that the intersection of an arbitrary collection of closed sets is closed. 
fl) dhft, fd lao`r leqPp;ksa dk LosPN loZfu"B fu/kkZj.k ,d lao`r leqPp; gksrk gSA

2. (a) Prove that the set of real numbers is not compact.

fl) dhft, fd okLrfod la[;kvksa dk leqPp; lagr ugha gSA

(b) Prove that the sequence {𝑥𝑛} where 𝑥𝑛 = 1 −
1

2
+

1

3
−  … … +

(−1)𝑛−1

𝑛
 , ∀𝑛 ∈ 𝑁 

is convergent. 

fl) dhft, fd vuqØe {𝑥𝑛} tgk¡ 𝑥𝑛 = 1 −
1

2
+

1

3
−  … … +

(−1)𝑛−1

𝑛
 , ∀𝑛 ∈ 𝑁 vfHklkjh gSA

3. (a) Prove that every bounded sequence has a convergent subsequence.
 fl) dhft, fd izR;sd ifjc) vuqØe dk ,d vfHklkjh mikuqØe gksrk gSA 

 (b) Let 𝑓 be a continuous function defined on [𝑎, 𝑏]. Then prove that 𝑓 is bounded on [𝑎, 𝑏]. 
ekuk 𝑓, [𝑎, 𝑏] ij ifjHkkf"kr ,d larr~ Qyu gSA rc fl) dhft, fd Qyu 𝑓 [𝑎, 𝑏] ij ifjc) gSA

4. (a) Prove that if 𝑓 be a continuous function defined on [𝑎, 𝑏] such that 𝑓(𝑥) ∈ [𝑎, 𝑏]

for each 𝑥 ∈ [𝑎, 𝑏] then there exists a point 𝑥0 ∈ [𝑎, 𝑏] such that 𝑓(𝑥0) = 𝑥0.

fl) dhft, fd ;fn 𝑓 lao`r vUrjky [𝑎, 𝑏] esa larr~ Qyu gS rkfd 𝑓(𝑥) ∈ [𝑎, 𝑏]  ∀𝑥 ∈ [𝑎, 𝑏]

rc ,d fcUnq 𝑥0 ∈ [𝑎, 𝑏] bl izdkj fo|eku gS fd 𝑓(𝑥0) = 𝑥0

(b) Prove that the following function is not continuous at the origin:

fl) dhft, fd fuEu Qyu ewy fcUnq ij larr~ ugha gSa% 

𝑓(𝑥, 𝑦) = {

𝑥𝑦3

𝑥2 + 𝑦6
 ,     (𝑥, 𝑦) ≠ (0,0)

0 ,  (𝑥, 𝑦) = (0,0) 

5. (a) Discuss the differentiability of the function 𝑓(𝑥) = |𝑥 − 2| + 2|𝑥 − 3| in the

 interval [1,4].  
vUrjky [1,4] esa Qyu 𝑓(𝑥) = |𝑥 − 2| + 2|𝑥 − 3| dh vodyuh;rk dh foospuk dhft,A

(b) Verify Roll’s theorem for the function 

𝑓(𝑥) = 𝑒𝑥 sin 𝑥 , ∀𝑥 ∈ (0, 𝜋)
Qyu 𝑓(𝑥) = 𝑒𝑥 sin 𝑥 , ∀𝑥 ∈ (0, 𝜋) ds fy, jksy izes; dk lR;kiu dhft,A

6. (a) State and Prove Darboux Theorem.

(b) If 𝑓(𝑥) = 𝑥, ∀ 𝑥 ∈ [0,1] then prove that function f is R-integrable

7. (a) Let ∑ 𝑢𝑛(𝑥)∞
𝑛=1  is a series of continuous functions 𝑢𝑛(𝑥), ∀𝑛 ∈ 𝑁 in [𝑎, 𝑏] and converges

     uniformly to a sum function 𝑓on [𝑎, 𝑏] then prove that 𝑓 is also continuous on [𝑎, 𝑏]. 
ekuk ∑ 𝑢𝑛(𝑥)∞

𝑛=1 vUrjky [𝑎, 𝑏] ij ifjHkkf"kr larr Qyuks 𝑢𝑛(𝑥), ∀𝑛 ∈ 𝑁 dh Js.kh gS rFkk [𝑎, 𝑏] ij
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;ksx Qyu 𝑓 dks ,dlekur% vfHkl̀r gksrh gS rc fl) dhft, fd 𝑓 Hkh [𝑎, 𝑏] ij larr~ gSA 

 

(b) Show that ∑
𝑥

𝑛𝑝+𝑛𝑞𝑥2
,   ∀𝑥 ∈ 𝑅∞

𝑛=1  is uniformly convergent if  𝑝 + 𝑞 > 2.   

     iznf'kZr dhft, fd ∑
𝑥

𝑛𝑝+𝑛𝑞𝑥2
,   ∀𝑥 ∈ 𝑅∞

𝑛=1  ,dlekur% vfHklkjh gS ;fn 𝑝 + 𝑞 > 2 

 

8. (a)Test for the uniform convergence of the series ∑ 𝑥∞
𝑛=0 𝑒−𝑛𝑥 and continuity of the sum function 

 at 𝑥 = 0.                           
Js.kh ∑ 𝑥∞

𝑛=0 𝑒−𝑛𝑥
 ds ,dleku vfHklj.k ds fy, tkap dhft, rFkk ;ksx Qyu dh 𝑥 = 0 ij lkarR;rk dh tkap dhft,A 

  

    (b) If a series ∑ 𝑓𝑛(𝑥) of continuous functions on [a, b] converges uniformly to sum function S(x) then      

           sum function S(x) is also continuous on [a, b].  
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Differential Equations 

     1.  Solve (gy dhft,) :                

a) (          )   (          )     

b)                    

 

2. Solve (gy dhft,) :     

a) (   )   (   )       

b) (      )           

      3.   Solve (gy dhft,):             

a. (               )           

b. (     )          

 4. Solve (gy dhft,):     
   

   
  

  

  
          

   5.   Solve (gy dhft,) :   

                           
   

   
 (      )

  

  
                                  

       6. Solve by the method of variation of parameters    
              izkpy fopj.k fof/k }kjk gy dhft;s                          

              
   

   
               

7. Solve (gy dhft,) :            

     (a)    
  

 (     )
  

  

 (     )
  

  

 (     )
 

(b)              (     )  

8. Find the complete integral of the following equation by Charpit’s method   
fuEufyf[kr lehdj.k ls pkihZ fof/k ls iw.kZ lekdyu Kkr dhft;sA                                                     

 (       )      
 

 



FIRSTPAPER

Abstract Algebra-I 

Unit I 

1. If a and b are any two elements of a group (     then show that the equation       and 

     have unique solution in  . 

    a और          (           अव व                 र  a     और

        अ      ल   ।

2.(a) Find      , when 

               

  (
   
   

  
  

    
    

) 

And    (        (      (           
Also express the permutations   as a product of disjoint cycles. Find whether   is even or odd 

permutation and give its order.  

           अ                   ल                 र ।              ρ           व   

     और              

   (b) If H and K are any two subgroups of a group G then prove that HK is a subgroup of G 

iff HK=KH. 

    H और K      G                                     HK, G                     और 

  वल     HK=KH. 

Unit II 

3.(a) State and prove Lagrange’s theorem. 

 ल                                      

 (b) Prove that any two right (left) cosets of a subgroup of a group are either identical or disjoint. 

     र                                         (    )                        अ      । 

4. (a) If H and K are two normal subgroups of G then prove that HK is also a normal subgroup of G.
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    H और K, G                                     HK    G                     । 

(b) Find the quotient group     when            ,    {   }     

    ल      G/H                        ,    {   }     

Unit III

5(a  )Prove that a homomorphism   of a group   into a group    is a monomorphism iff kernel of 

            { } where e is the identity in  . 

                 G         G'          र   f             र         और   वल     अ  

         f={e},      e G           

(b) Show that the set J of Gaussian Integers   {    |      } form a ring with respect to 

ordinary addition and multiplication of complex numbers. 

                                {    |      }                    र      और     

              वल          । 

6. Prove that every field is an integral domain but the converse is not necessarily true.

                                        ल     वल    व                   । 

Unit IV 

7. (a) Prove that the necessary and sufficient conditions for a non – empty subset K of a field F to be a

        subfield are 

                   F      अ र          K                 ल  व   और             

(i)                
(ii)                  

 (b)  Prove that the intersection of two subrings is also a subring. 

                 वल                     वल       । 

8,      Prove that   {         
 

 ⁄   |       }is a subfield of R. 

              {         
 

 ⁄   |       },R               । 

***** 



Complex Analysis-I 

Assignment 

Unit I 

1.(a)  Obtain the equation of a circle through three given points. 
 rhu fcUnqvksa ls xqtjus okys o`Ùk dk lehdj.k Kkr dhft,A 

   (b) Prove that the area of the triangle whose vertices are the points         on the Argand diagram is 

fl) dhft;s fd vkxsZ.M fp= esa fcUnqvksa          'kh"kZ okys f=Hkqt dk {ks=Qy 

∑{(     )|  |
  (    )} 

2.(a) Prove that fl) dhft, fd

     
   

                

   
     

  (b) Prove that the function  ( )  | |  is continuous every where but its derivative exists only at 

the origin. 

fl) dhft, fd Qyu  ( )  | |   loZ= larr gS fdUrq blds vodyu dk vfLrRo dsoy ewy fcUnq ij gh gSA

Unit II 

3.(a) Define Singular Point. Prove the necessary condition that a function  ( )   (   )    (   ) be 

analytic in a domain D is that in D, u and v satisfy the Cauchy – Riemann equation i.e. 
  

  
 
  

  
,
  

  
  

  

  

fofp= fcUnq ifjHkkf"kr dhft, rFkk fl) dhft, fd Qyu ( )   (   )    (   ) ds fdlh izkUr   esa

fo’ysf"kd gksus ds fy, vko’;d izfrcU/k gS fd ml izkUr esa   rFkk   dks’kh&jheku lehdj.k larq"V djrs gSa vFkkZr~ 

  

  
 
  

  
]    

  

  
  

  

  
 

  (b) Show that the function  ( )  √(|  |) satisfies the Cauchy – Riemann equation at the origin but 

is not analytic at the point. 

iznf’kZr dhft, dh Qyu  ( )  √(|  |) ewy fcUnq ij dks’kh&jheku lehdj.kksa dks lUrq"V djrk gS ijUrq bl

fcUnq ij fo’ysf"kd Qyu ugha gSA 

4.(a) Define Harmonic Function. Show that function                is harmonic and find its 

harmonic conjugate.  

Izlaoknh Qyu ifjHkkf"kr dhft, fl) dhft, fd Qyu                 izlaoknh Qyu gS rFkk bldk izlaoknh la;qXeh 

Kkr dhft,A 

   (b) Prove that    (   )                    satisfy Laplace equation. Also determine the 

corresponding analytic function  ( )      . 

fl) dhft, fd  (   )                    ysIykl lehdj.k dks lUrq"V djrk gS ] fuEu dk 

fo’ys"k.k Qyu  ( )        Hkh Kkr dhft,A 

Unit III

5. State and prove Cauchy – Goursat Theorem.

dks’kh&xwlkZ izes; dk dFku fyf[k, ,ao bls fl) dhft,A

6.(a) Evaluate ∫     
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eku Kkr dhft;  ∫    
  

 

(b) If  ( ) is analytic in a simply connected domain G , then the indefinite integral ∫  ( )  
 

  
 is 

independent of the path joining    with z in G. 

fl) dhft, fd ;fn ,d’k% lEc) izns’k  esa  ( ) fo’ysf"kd Qyu gks] rks vfuf’pr lekdy ∫  ( )  
 

  
 ]  esa fcUnqvksa 

   rFkk   dks feykus okys iFk ls Lora= gksrk gSA 

Unit IV 

7. State and prove Morera Theorem.
eksjsjk izes; dk dFku fyf[k, ,ao bls fl) dhft,A

8.(a) Find the value of (eku Kkr dhft,A)

∫
     

[  (  ⁄ )]
   

| | 

 

  (b) State and prove Liouville’s Theorem.  
Y;wosy izes; dk dFku fyf[k, ,ao blsa fl) dhft,A 

***** 



Dynamics 

Unit I 

1. (a) An insect crawls at a constant rate ‘ ’ along the spoke of a cart wheel of radius ‘ ’.

The cart is moving with velocity ‘ ’. Find the acceleration along and perpendicular to the 

spoke of the insect at time ‘ ’. 
,d dhM+k fdlh xkM+h ds   f=T;k okys ifg;s ds vkjs ij vpj pky   ls jsaxrk gS vkSj xkM+h   osx ls pyrh gSA 

  le; ij vkjs dh fn’kk esa rFkk mlds yEcor fn’kk esa dhM+s ds Roj.k Kkr dhft,A 

        (b)  A particle is describing a circle of radius ‘ ’ in such a way that the tangential acceleration 

 is always ‘ ’ times the normal acceleration. If its speed at a certain point is ‘ ’, prove that it 

will return to the same point after ‘ ’ time 
 

  
(       ) 

,d d.k   f=T;k ds o`Ùk esa ,sls pyrk gS fd mldk Li’kZ js[kh; Roj.k mlds vfHkykfEcd Roj.k dk lnSo   xq.kk 

jgrk gSA ;fn fdlh fcUnq ij mldh pky   gks rks fl) djks fd og mlh fcUnq ij 
  
(       ) le;

i’pkr ykSV vk;sxkA 

2. (a)  The earth’s attraction on a particle varies inversely as the square of its distance from the

 earth’s center. A particle whose weight on the surface of the earth is ‘ ’, falls to the surface 

 of the earth from a height   , above it. Show that the work done by the earth’s attraction is 
 

 
  , where ‘ ’ is the radius of the earth.  

fdlh d.k ij ìFoh dk xq:Rokd"kZ.k cy d.k dh i`Foh ds dsUnz ls nwjh ds O;qRØe oxkZuqikrh gSA ,d d.k ftldk 

 i`Foh dh lrg ij   Hkkj gS] lrg ij    ÅapkbZ ls fxjrk gSA fl) dhft, fd xq:Rokd"kZ.k cy }kjk fd;k x;k 

 dk;Z 
 

 
   gS ] tgk¡   ìFoh dh f=T;k gSA 

(b) Prove that the mean K.E. of a particle of mass ‘ ’ moving under a constant force in any 

 interval of time is 
 

 
  (  

         
 ) where    and    are initial and final velocities. 

fl) dhft, fd fdlh vpj cy ds v/khu pyus okys   lagfr ds ,d d.k dh vkSlr xfrt ÅtkZ fdlh le; ds 

vUrjky esa 
 

 
  (  

         
 ) gksxh ] ;fn   rFkk   izkjafHkd vkSj vfUre osx gksaA

UNIT-II 

3. (a) A particle is performing S.H.M. of period T about a centre O and it passes through a point

      P (where OP = b) with a velocity   in the direction OP. Prove that the time that elapses 

before  it returns to P is 
 

 
     (

  

   
). 

,d d.k dsUnz  ds lkis{k   vkorZdky dh ljy vkoZr xfr djs vkSj ;g fdlh fcUnq P ¼tgk¡ OP = b½] OP

   dh fn’kk esa  osx ls xqtjs ] rks fl) dhft, fd og P ij iqu% 
 

 
     (

  

   
)le; ds i’pkr ykSVsxkA

(b) If corresponding to two masses    and    attached to the end of a vertical elastic string, 

  and    be the periods of small oscillations and       the statical extensions corresponding 

 to these masses, prove that   (  
    

 )      (     )7 

;fn fdlh Å/okZ/kj izR;kLFk Mksjh ds yxs gq, nks fofHkUu nzO;eku       ds laxr y?kq nksyu ds vkorZdky   

THIRD PAPER



rFkk    gksa vkSj muds laxr LFkSfrd foLrkj   RkFkk   gksa rks fl) dhft, fd % 

 (  
    

 )      (     )  
          4. 

(a) A particle of mass ‘ ’ is projected vertically upwards under gravity,the resistance of the air 

being    times the velocity. Show that the greatest height attained by the particle is 
  

 
[     (   )], where V is the terminal velocity of the particle    is its initial velocity. 

 lagfr dk ,d d.k xq:Rokd"kZ.k ds v/khu Å/okZ/kj fn’kk esa Åij QSadk tkrk gSA ;fn ok;q dk izfrjks/k ] osx dk 

   xq.kk gks rks fl) dhft, fd d.k dh vf/kdre Å¡pkbZ gksxh 
  

 
[     (   )]tgk¡   ek/;e esa d.k 

dk vfUre osx gS rFkk    bldk izkjfEHkd Å/okZ/kj osx gSA 

(b) A particle falls from rest under gravity in a medium whose resistance varies as the square 

of the velocity, if   be the velocity actually acquired by it,    the velocity it would have  

acquired had there been no resisting medium, and   the terminal velocity, prove that : 
  ,d d.k xq:Rokd"kZ.k ds v/khu fojkeoLFkk ls ,d ,sls ek/;e esa fxjrk gS ftldk izfrjks/k osx ds oxZ lekuqikrh gSA 

 ;fn   og osx gS tks mlds }kjk okLro esa izkIr fd;k tkrk gS]   og osx gS tks og izkIr dj ysrk ;fn dksbZ 

izfrjks/kh ek/;e u gksrk vkSj   ek/;e esa vfUre osx gS] rks fl) djks fd % 

  

   
   

 

 

  
 

  
 
 

   

  
 

  
 

 

     

  
 

  
   

UNIT-III

5. (a) A projectile aimed at a mark which is in a horizontal plane through the point of projection,

falls a feet too short when the elevation is ‘ ’ and ‘b’ feet too far when the elevation is  .  

Show that, if the velocity of projection be the same in cell cases, the proper elevation to hit the 

mark is: 
,d iz{ksI; ] mlds iz{ksi fcUnq ls gksdj tkus okys {kSfrt ry esa fLFkr fdlh y{; dh vkSj Qsadk tkus ij mlls 

  QqV igys jg tkrk gS] tcfd mldk mUurka’k   gksrk gS vkSj tc mldk mUurka’k   gksrk gS rks y{; ls   QqV vkxs 

fudy tkrk gSA fl) djks fd ;fn iz{ksi osx lHkh voLFkkvksa esa ,d gh jgs rks y{; ds fy, lgh mUurka’k gksxk % 

 

 
     {

                

  
} 

(b) Shots are fired simultaneously from the top and bottom of a vertical cliff with elevations 

  and   respectively strike an object simultaneously at the same point. Show that, if ‘a’ 

is the horizontal distance of the object from the cliff, the height of the cliff is 

 (         ). 
,d Å/okZ/kj ehukj dh pksVh o ikn ls nks xksfy;k¡ Øe’k%  o dks.k ij ,d lkFk bl izdkj nkxh tkrh gS fd

 os ,d lkFk fdlh oLrq dks ,d gh fcUnq ij Vdjkrh gSA ;fn oLrq dh ehukj ls {kSfrt nwjh   gks ] rks fl) djks 

fd ehukj dh Å¡pkbZ  (         ) gksxhA

       6  .   (a)A heavy particle of weight W, attached to a fixed point by a light inextensible string, 

 describes a circle in a vertical plane. The tension of the string has the values    and   
respectively, when the particle is at the highest and the lowest point of its path.Show that 

     ` 

,d   “kj okyk d.k tks fd fLFkj fcUnq ls ,d Hkkjghu vforkU; Mksjh ls ca/kk gS vkSj Å/okZ/kj ry esa ,d o`r 

 esa ?kwe jgk gSA tc d.k vf/kdre rFkk U;wure Å¡pkbZ ij gksrk gS ] rks Mksjh esa f[kapko Øe’k%    rFkk 

   gksrk gS] rks fl) dhft, fd      - 

(b)A particle slides down from rest, from the highest point of a smooth vertical circle. 

 Discuss its motion. 
,d d.k fdlh fpdus m/okZ/kj o`r ds mPpre fcUnq ij fojkekoLFkk ls fQlyrk gSA bldh xfr dh foospuk dhft,A 

UNIT-IV

7. (a)  Find the moment of inertia of a uniform rectangular lamina of sides 2a, 2b and mass M about a

         line through centre and perpendicular to its plane. 



   rFkk   “qtkvksa okys rFkk lagfr M ds fdlh ,d leku vk;rkdkj iVy dk ml js[kk ds ifjr% tM+Ro vk?kw.kZ

Kkr dhft,] tks iVy dsUnz ls xqtjs rFkk ry ds yEcor gksA 

(b) Find the moment of inertia of a solid sphere of radius ‘ ’ and mass ‘ ’ about its diameter. 

  f=T;k rFkk   lafgr ds Bksl xksys dk xksys ds fdlh O;kl ds ifjr% tM+Ro vk?kw.kZ Kkr dhft,A 

   8 .   Show that the moment of inertia of a semicircular lamina about a tangent parallel to the 

 bounding diameter is    (
 

 
 

 

  
) where a is the radius and M is the mass of the lamina. 

iznf’kZr dhft, fd v/kZ & òrh; iVy dk mlds lhed O;kl ds lekUrj li’kZ js[kk ds ifjr% tM+Ro vk?kw.kZ  

   (
 

 
 

 

  
)  gS ] tgk¡ iVy dh lafgr   rFkk f=T;k   gSA 

***** 
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