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J-176
B.Sc. (Part-I) (Old Course)

Examination, 2021
MATHEMATICS

Paper - III

(Vector Analysis and Geometry)

Time Allowed : Three Hours

Maximum Marks : 50

Minimum Pass Marks : 17

veesš : meYeer heeBÛe ØeMveeW kesâ Gòej oerefpeS~ ØelÙeskeâ FkeâeF& mes ‘oes’ Yeeie

keâjvee DeefveJeeÙe& nw~ meYeer ØeMveeW kesâ Debkeâ meceeve nQ~

Note : Answer all the five questions. 'Two' parts from

each unit is compulsory. All questions carry equal

marks.

FkeâeF&—I / UNIT-I

Q. 1. (a) oMee&FÙes efkeâ meefoMe a, b


 leLee c


 Skeâ meceleueerÙe nQ

Ùeefo Deewj kesâJeue Ùeefo a b, b c
   

   leLee c a
 

  Skeâ

meceleueerÙe nw~

Show that the vectors a, b


 and c


 are

coplanar if and only if a b, b c
   

   and c a
 



are coplanar.

(b) Ùeefo ^^^
r x i y j zk

    DeLee&led r2 = x2 + y2 + z2

lees oMee&FÙes efkeâ :

n n 2grad r nr r


If 
^^^

r x i y j zk

   or r2 = x2 + y2 + z2, show

that :

n n 2grad r nr r


(c) efmeæ keâerefpeS efkeâ :

    2curl curl F grad div F F 
  

Show that :

    2curl curl F grad div F F 
  
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FkeâeF&—II / UNIT-II

Q. 2. (a)
C

F dr
 

 keâe cetuÙeebkeâve keâerefpeS, peneB  2 2F x y 


^ ^
i 2xy j  leLee Je›eâ C, xy-meceleue ceW Skeâ DeeÙeve nw,

pees y = 0, x = a, y = b, x = 0 mes efIeje nw~

Evaluate 
C

F dr
 

, where  2 2F x y 


^ ^
i 2xy j  and C is the rectangle in the xy-

plane bounded by y = 0, x = a, y = b, x = 0.

(b) mšeskeäme ØecesÙe keâes melÙeeefhele keâerefpeS, peye

  ^ ^ ^2 2F 2x y i yz j y zk,


   

peneB S, ieesues x2 + y2 + z2 = 1 keâe Thej keâe Deæ&

Yeeie nw leLee C Fmekeâer heefjmeercee nw~

Verify Stoke's theorem when

  ^ ^ ^2 2F 2x y i yz j y zk,


   

where S is the upper half of the sphere x2 +

y2 + z2 = 1, bounded by its projection and C

is its boundary.

(c) «eerve ØecesÙe keâe keâLeve efueKekeâj efmeæ keâerefpeS~

State and prove Green's theorem.

FkeâeF&—III / UNIT-III

Q. 3. (a) efvecveefueefKele MeebkeâJe keâe DevegjsKeCe keâerefpeS :

21x2 – 6xy + 29y2 + 6x – 58y – 151 = 0

Trace the conic :

21x2 – 6xy + 29y2 + 6x – 58y – 151 = 0
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(b) efmeæ keâerefpeS efkeâ meceerkeâjCe 1 e cos
r
  


 Deewj

1 e cos
r
   
  Skeâ ner MeebkeâJe keâes efve™efhele keâjles

nQ~

Show that the equations 1 e cos
r
  


 and

1 e cos
r
   


 represent the same conic.

(c) efmeæ keâerefpeS efkeâ jsKee A cos Bsin
r
   


 MeebkeâJe

1 e cos
r
  


 keâes mheMe& keâjsieer Ùeefo (A – e)2 +

B2 = 1

Show that the condition that the line

Acos Bsin
r
   


 may touch the conic

1 e cos
r
  


 is (A – e)2 + B2 = 1.

FkeâeF&—IV / UNIT-IV

Q. 4. (a) Gme uecyeJe=òeerÙe yesueve keâe meceerkeâjCe %eele keâerefpeÙes,

efpemekeâe DeeOeej efvecveefueefKele Je›eâ nw, x2 + y2 + z2 =

9, x – y + z = 3.

Find the equation of right circular cylinder

whose guiding circle is x2 + y2 + z2 = 9,

x – y + z = 3.

(b) ieesues keâe meceerkeâjCe %eele keâerefpeS pees meceleue 3x + 2y

+ z + 2 = 0 keâes efyevog (1, —2, 1) hej mheMe& keâjlee

nw Deewj ieesues x2 + y2 + z2 – 4x + 6y + 4 = 0 keâes

ueeefcyekeâle: ØeefleÛÚso keâjlee nw~

Find the equation of the sphere which

touches the plane 3x + 2y + z + 2 = 0 at the

point (1, –2, 1) and cuts the sphere x2 + y2 +

z2 – 4x + 6y + 4 = 0 orthogonally.

(c) Gme yesueve keâe meceerkeâjCe %eele keâerefpeS efpemekesâ pevekeâ,

jsKee 
x y z

1 2 3
 


 kesâ meceevlej nQ leLee efpemekeâe

efveoxMeebkeâ Je›eâ x2 + 2y2 = 1, z = 3 nw~

Find the equation of the cylinder whose

generators are parallel to the line 
x y z

1 2 3
 


and the guiding curve is the ellipse x2 + 2y2

= 1, z = 3.
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FkeâeF&—V / UNIT-V

Q. 5. (a) Jen ØeefleyevOe %eele keâerefpeS peyeefkeâ meceleue x + my +

nz = p oerIe&Je=òepe 
2 2 2

2 2 2

x y z
1

a b c
    keâes mheMe& keâjlee

nw~

To find the condition when the plane x + my

+ nz = p touches to the ellipsoid :

2 2 2

2 2 2

x y z
1

a b c
  

(b) efvecve meceerkeâjCe keâe meceeveÙeve ™he ØeceeefCekeâ ™he ceW

keâerefpeS :

2x2 – 7y2 + 2z2 – 10yz – 8zx – 10xy + 6x +

12y – 6z + 5 = 0

Reduce the equation to the standard form :

2x2 – 7y2 + 2z2 – 10yz – 8zx – 10xy + 6x +

12y – 6z + 5 = 0

(c) DeeflehejJeueÙepe 
2 2 2

2 2 2

x y z
1

a b c
    kesâ efyevog

 acos , bsin , 0   mes peeves Jeeues pevekeâeW keâe

meceerkeâjCe %eele keâerefpeS~

Find the equations to the generators of the

hyperboloid 
2 2 2

2 2 2

x y z
1

a b c
    which pass

through the point  acos , bsin , 0  .

——
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parts from each question. All questions carry
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FkeâeF&—I / UNIT-I

Q. 1. (a) Ùeefo a, b, c
  

 Deewj a ,b ,c
  
    JÙegl›eâce heæefle kesâ meefoMe

neW, leye efmeæ keâerefpeS efkeâ :

a a b b c c 0
      

       

If a, b, c
  

 and a ,b ,c
  
    are reciprocal system

of vectors, then show that :

a a b b c c 0
      

       

(b) Ùeefo 
^
R, r


 keâer efoMee ceW cee$ekeâ meefoMe nw, leye efmeæ

keâerefpeS efkeâ :

^ ^

2

r dr
R dR

r




 

If 
^
R, r is the unit vector in the direction of 

^
R, r


,

then prove that :

^ ^

2

r dr
R dR

r




 

(c) oMee&FÙes efkeâ :

2
2 4

x 2x

r r

 
   

 

Show that :

2
2 4

x 2x

r r

 
   

 
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FkeâeF&—II / UNIT-II

Q. 2. (a) ^

S
ndS  keâe cetuÙeebkeâve keâjW, peneB 

3
xyz

8
 

leLee S yesueve x2 + y2 = 16 keâe he=‰ nw, pees ØeLece

De°ebkeâ ceW z = 0 mes z = 5 kesâ yeerÛe DevleefJe&° nw~

Calculate ^

S
ndS , where 

3
xyz

8
   and S

is the surface of the cylinder x2 + y2 = 16

which lies in the first octant between z = 0 to

z = 5.

(b)  2 2

C
x y dx 2xy dy  

  meceleue kesâ efueS iee@Gme

ØecesÙe melÙeeefhele keâjW, peneB DeeÙele C, y = 0, x = 0,

y = b, x = a mes heefjyeæ nw~

Verify Green's theorem in the plane for

 2 2

C
x y dx 2xy dy  

  ,

where C is the rectangle bounded by y = 0,

x = 0, y = b, x = a.

(c) Heâueve F = (x2 + y2) i – 2xyj kesâ efueS mšeskeâ kesâ ØecesÙe

keâes melÙeeefhele keâerefpeS peyeefkeâ meceekeâueve keâes x = a,

y = 0, y = b kesâ heefjyeæ DeeÙele kesâ heefjle: efkeâÙee ieÙee

nw~

Verify Stoke's theorem for the function

F = (x2 + y2) i – 2xyj, when the integration is

taken along the rectangular bounded by

x = a, y = 0, y = b.

FkeâeF&—III / UNIT-III

Q. 3. (a) MeebkeâJe x2 – 5xy + y2 + 8x – 20y + 15 = 0 keâe

DevegjsKeCe keâerefpeS~ Fvekesâ De#eeW kesâ meceerkeâjCe Yeer %eele

keâerefpeS~

Trace the conic x2 – 5xy + y2 + 8x – 20y +

15 = 0. Also find the equation of its axes.
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(b) oerIe&-De#e hej Skeâ efoÙes ieÙes efyevog mes mebveeefYe MeebkeâJeeW keâer

Skeâ ßesCeer hej KeeRÛes ieÙes mheMe& jsKeeDeeW kesâ mheMe& efyevogDeeW

keâe efyevog heLe %eele keâerefpeS~

Find the locus of points of contract of

tangents to a series of confocals conics

from a given point on the major axis.

(c) MeebkeâJe 1 e cos
r
  


 kesâ meehes#e efkeâmeer efyevog  1 1r ,

kesâ OegÇJeerÙe meceerkeâjCe %eele keâerefpeS~

Find the equation of the polar of point  1 1r ,

w.r.t. the conic :

1 e cos
r
  


FkeâeF&—IV / UNIT-IV

Q. 4. (a) A, OX hej Skeâ efyevog nw Deewj B, OY hej leeefkeâ keâesCe

OAB DeÛej (=) nes~ AB hej JÙeeme ueskeâj Skeâ Je=òe

KeeRÛee ieÙee nw efpemekeâe meceleue, OZ kesâ meceevlej nw~

efmeæ keâerefpeS efkeâ pÙeeW-pÙeeW AB heefjJeefle&le neslee nw Je=òe,

MeebkeâJe 2xy – z2 sin 2 = 0 keâes peefvele keâjlee nw~

A is a point on OX and B on OY, so that the

angle OAB is constant (= ). On AB as

diameter a circle is described whose plane

is parallel to OZ. Prove that as AB varies the

circle generates to conic 2xy – z2 sin 2 = 0.

(b) efmeæ keâerefpeÙes efkeâ meceerkeâjCe    fx gy 

 hz 0  Skeâ Mebkegâ keâes efve™efhele keâjlee nw pees

efveoxMeebkeâ meceleueeW keâes mheMe& keâjlee nw~

Prove that the equation    fx gy 

 hz 0  represents a cone which touches

to co-ordinate planes.

(c) Gme uecyeJe=òeerÙe yesueve keâe meceerkeâjCe %eele keâerefpeS

efpemekeâe De#e x = 2y = 3z nw leLee ef$epÙee 2 nw~

Find the equation of the right circular cylinder

whose axis is x = 2y = 3z and radius is 2.
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FkeâeF&—V / UNIT-V

Q. 5. (a) Skeâ oerIe&Je=òepe kesâ leerve mebÙegiceer Deæ&-JÙeemeeW kesâ efmejs mes

peeves Jeeues meceleue keâe meceerkeâjCe %eele keâerefpeS~

Find the equation to the plane through the

extremities of three conjugate semi-diameters

of an ellipsoid.

(b) oMee&FÙes efkeâ he=‰ yz + zx + xy = a2 keâe meceleue

x + my + nz = p Éeje ØeefleÛÚso Skeâ hejJeueÙe nesiee Ùeefo

m n 0   .

Show that the section of surface yz + zx +

xy = a2 by the plane x + my + nz = p will be

a parabola if m n 0   .

(c) meceerkeâjCe keâes ØeeceeefCekeâ ™he ceW meceeveÙeve keâerefpeS :

x2 + 4y2 + z2 – 4yz + 2zx – 4xy – 2x + 4y –

2z – 3 = 0

Reduce the equation of standard form :

x2 + 4y2 + z2 – 4yz + 2zx – 4xy – 2x + 4y –

2z – 3 = 0

——
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