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7225 

M.Sc.  IInd SEMESTER EXAMINATION, 2019 

MATHEMATICS 

Paper – Vth 

Differential Geometry - II 

Time: Three Hours 

Maximum Marks: 80 
 

         PART – A ¼[k.M & v½¼[k.M & v½¼[k.M & v½¼[k.M & v½      [Marks: 20] 

Answer all questions (50 words each). 

All questions carry equal marks. 

lHkh iz’u vfuok;Z gSaA izR;sd iz’u dk mŸkj    50505050 'kCnksa ls vf/kd u gksA  

lHkh iz’uksa ds vad leku gSaA 

         PART – B ¼[k.M & c½¼[k.M & c½¼[k.M & c½¼[k.M & c½      [Marks: 40] 

Answer five questions (250 words each), 

selecting one from each unit. All questions carry equal marks. 

izR;sd bdkbZ ls ,d&,d,d&,d,d&,d,d&,d iz’u pqurs gq,] dqy ik¡pik¡pik¡pik¡p iz’u dhft,A 

izR;sd iz’u dk mŸkj 250250250250 'kCnksa ls vf/kd u gksA 

lHkh iz’uksa ds vad leku gSaA 

           PART – C ¼[k.M & l½¼[k.M & l½¼[k.M & l½¼[k.M & l½      [Marks: 20] 

Answer any two questions (300 words each). 

All questions carry equal marks. 

    dksbZ nks iz’unks iz’unks iz’unks iz’u dhft,A izR;sd iz’u dk mŸkj 300300300300 'kCnksa ls vf/kd u gksA 

lHkh iz’uksa ds vad leku gSaA 
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PART – A @ @ @ @ [k.M[k.M[k.M[k.M    & v& v& v& v 

Q.1 Solve all questions - 

 lHkh iz’u dhft, & 

 (i) Define curvature and torsion.  

  oØrk ,oa ejksM+ dks ifjHkkf"kr dhft,A   

 (ii) Write Frenet–Serret formulas. 

 ÝsusV&lhjsV QkWewZys fyf[k,A  

 (iii) Define Osculating circle.   

  vkWLdqysfVax ldZy dks ifjHkkf"kr dhft,A 

 (iv) Define envelope of a system of surface. 

  lrg dh iz.kkyh ds ,UoykWi dks ifjHkkf"kr dhft,A 

 (v) Show that the line given by- 

  x = 3t2z + 2t(1 - 3t4),  y = -2tz + t2 (3 + 4t2) 

  generates a skew surface. 

  iznf’kZr dhft, fd nh xbZ js[kk& 

  x = 3t2z + 2t(1 - 3t4),  y = -2tz + t2 (3 + 4t2) 

  lD;q i"̀B dks mRiUu djrh gSA 

 (vi) Define Line of Striction of a skew surface. 

  frjNh lrg dh ykbu vkWQ fLVªD’ku dks ifjHkkf"kr dhft,A 

 (vii) Define lines of curvature and write differential equation of lines of curvature.  

  oØrk js[kkvksa dks ifjHkkf"kr dhft, vkSj oØrk js[kkvksa ds vodyu lehdj.k dks fyf[k,A 



 

 

[7225]  Page 3 of 7  

  

 (viii) Write the determinant form of principal curvatures and principal radii of curvature. 

  meq[k oØrk vkSj izeq[k oØrk f=T;k dk fl) :i fyf[k,A 

 (ix) Define lines of curvature on a developable surface. 

  Msoysicy i`"B dh oØrk js[kkvksa dks ifjHkkf"kr dhft,A  

 (x) Define curvilinear coordinates.   

  oØrk funsZ’kkad dks ifjHkkf"kr dhft,A 

PART – B @ @ @ @ [k.M[k.M[k.M[k.M    & & & & cccc    

UNIT – I@ @ @ @ bdkbZ bdkbZ bdkbZ bdkbZ – I 

Q.2 Find the radii of curvature and torsion at a point of the curve- 

 x2 + y2 = a2,  x2 - y2 = az  

 oØ x2 + y2 = a2,  x2 - y2 = az ds ,d fcUnq ij oØrk ,oa ejksM+ dh f=T;k Kkr dhft,A 

OR@vFkok@vFkok@vFkok@vFkok 

Q.3 Find the plane that has three point contact at the origin with the curve- 

 x = t4-1, y = t3-1, z = t2-1 

 oØ x = t4-1,  y = t3-1,  z = t2-1 ds lkFk ewy fcUnq ij f=&fcUnq lEidZ j[kus okys lery dks Kkr 

 dhft,A  

UNIT – II@ @ @ @ bdkbZ bdkbZ bdkbZ bdkbZ – II 

Q.4 Find the equation of the osculating sphere at the point (1, 2, 3) on the curve                 

 x = 2t + 1,  y = 3t2 + 2,  z = 4t3 + 3.  

 oØ x = 2t + 1,  y = 3t2 + 2,  z = 4t3 + 3 ds fcUnq (1, 2, 3) ij vkWLdqysfVax LQh;j dk lehdj.k 

 Kkr dhft,A  
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OR@vFkok@vFkok@vFkok@vFkok 

Q.5 Find the envelope of the plane- 

 
�

��� +	 �
��� +	 	


�� = 1, 
 where u is the parameter. 

 lery 
�

��� +	 �
��� +	 	


�� = 1	ds fy, ,UoykWi Kkr dhft,] tgk¡ u ,d izkpy gSA 

UNIT – III@ @ @ @ bdkbZ bdkbZ bdkbZ bdkbZ – III 

Q.6 Find the curvature of the normal section of the helicoid x = u cosθ, y = u sinθ, z =f(u)+cθ.  

 gsyhdksbM x = u cosθ,  y = u sinθ,  z = f(u)+cθ ds vfHkyac ifjPNsn dh oØrk Kkr djksA  

OR@vFkok@vFkok@vFkok@vFkok 

Q.7 If p, p′ are the radii of curvature of any two perpendicular normal sections at a point of 

a surface, prove that (p-rho) 

                                  
�
� +

�
�′ = constant 

 fdlh ì"B ds ,d fcUnq ij fdUgha nks yEcor~ vfHkyac ifjPNsnksa dh oØrk f=T;k,a ;fn p ,oa p′ gS] 

rks fl) dhft, & 

                     
�
� +

�
�′ ¾ fLFkjkad 

UNIT – IV@ @ @ @ bdkbZ bdkbZ bdkbZ bdkbZ – IV 

Q.8 Find the principal sections and the principal curvatures of the surface-  

 x = a(u + v),  y = b(u - v),  z = uv.  

 ì"B x = a(u + v),  y = b(u - v),  z = uv ds eq[; ifjPNsn ,oa eq[; oØrk,a Kkr dhft,A 

OR@vFkok@vFkok@vFkok@vFkok 

Q.9 Find the values of- 

 (i)  First curvature 

 (ii)  Gaussian curvature at any point of the right helicoid r = (u cosv, u sinv, av). 

 jkbV gsyhdkWbM r = (u cosv, u sinv, av) ds fdlh fcUnq ij& 

 (i)  izFke oØrk 

 (ii)  xkmfl;u oØrk Kkr djksA 
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UNIT – V@ @ @ @ bdkbZ bdkbZ bdkbZ bdkbZ – V 

Q.10 Prove that the necessary and sufficient conditions that parametric curves be lines of 

curvature are- 

 F = 0 and M = 0, EN - GL ≠ 0 

 fl) dhft, dh izkpfyd oØ ds oØrk js[kk,a cukus ds fy, vko’;d vkSj i;kZIr 'krsZa fuEu gS& 

 F = 0 and M = 0, EN - GL ≠ 0 

OR@vFkok@vFkok@vFkok@vFkok 

Q.11 Prove that the for the helicoid- 

 x = u cosθ,  y = u sinθ,  z = cθ 

 (p-rho)  p� = −p� = ���
�

 , where u� = x� + y�	and that the lines of curvature are given 

by- 

                	dθ = ± ��
√���
� 

 fl) dhft, fdlh gsyhdkWbM x = u cosθ,  y = u sinθ,  z = cθ  ds fy, p� = −p� = ���
�

 , 

tgk¡ u� = x� + y� ,oa oØrk js[kk,a fuEu gksxh& 

            dθ = ± ��
√���
� 

PART – C @ @ @ @ [k.M[k.M[k.M[k.M    & & & & llll 

Q.12 Prove that the Osculating plane at (x1, y1, z1) on the curve of intersection of the cylinders 

x2 + z2 = a2, y2 + z2 = b2 is given by- 

 
�����		�����

�� =	 ���
��		�����

��  

 fl) dhft, fd csyu x2 + z2 = a2, y2 + z2 = b2 ds izfrPNsnu oØ ij fLFkr fcUnq (x1, y1, z1) ij 

vkWlD;qysfVax Iysu  
�����		�����

�� =	 ���
��		�����

��   }kjk fn;k x;k gSA 
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Q.13 A tangent plane to the ellipsoid- 

                           
��
�� +

��
�� +

	�

� = 1 

 meets the axes in A, B, C. Show that the envelope of the sphere OABC is- 

 �ax!
�
� + �by!

�
� + �cz!

�
� = �x� + y� + z�!

�
� 

 ,d nh?kZòÙkt~ 
��
�� +

��
�� +

	�

� = 1	dk Li’kZ lery] v{k dks A, B, C ij feyrk gSA fl) dhft, fd 

 xksyk OABC dk ,UoykWi fuEu gksxk& 

 �ax!
�
� + �by!

�
� + �cz!

�
� = �x� + y� + z�!

�
� 

Q.14 Show that the edge of regression of the developable that passes through the parabolas 

 x = 0, 	z� = 4ay	; x = a, y� = 4az is given by- 

                        
(�
� = �

	 =
	

(����! 

 fl) dhft, fd ijoy; x = 0, 	z� = 4ay	; 	x = a, y� = 4az ls xqtjus okys MsoykWiscy dh ,t 

 vkWQ fjxzs’ku gksxh& 

                  
(�
� = �

	 =
	

(����! 

Q.15 Prove that the cone Kxy = Z +,�x� + z�! + ,�y� + z�!- passes through a line of 

curvature of the paraboloid xy = az. 

 fl) dhft, fd ijoy;t~ xy = az dh oØrk js[kk ls 'kadq Kxy = Z +,�x� + z�! +

,�y� + z�!- xqtjrk gSA 
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Q.16 Show that the points of intersection of the surface x. + y. + z. = a. and the line      

x = y = z are umbilics and that the radius of curvature at an umbilic is given by- 

                                p = �
.�� �3!

�01�!
�0  

 fl) dhft, i"̀B x. + y. + z. = a.  vkSj js[kk x = y = z ds izfrPNsn fcUnq ;wEcfyDl gS ,oa 

;wEcfyd dh oØrk f=T;k p = �
.�� �3!

�01�!
�0 		}kjk nh tkrh gSA   

----------------------------------------- 


