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B.Sc. Programme 4th Semester Examination, 2023

DSC1/2/3-P4-MATHEMATICS
DIFFERENTIAL EQUATION AND VECTOR CALCULUS
(REVISED SYLLABUS 2023)
Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.
Symbols have their usual meaning.

GROUP-A / @5 / @g-®

1. Answer any four questions from the following: 3x4 =12
- S5 v Ted wies
P IR THEHD! IR ol
(a) What do you mean by degree and order of an ordinary differential equation? Find 3

the degree and order of the D. E.

s PRUE
d—y“d—y) }
dx dx

CPIC G5 AR SR FAFACE F (order) IR q1® (degree) IO & @R 9

dx dx
SATEIRYT faviees Aot fSHt ¥ 5 HTet & gfFo 2

RLE
&{1—(@)} TRe Aol Tw @k 1w ey 341

, PR
%:{1—[%)} P1 Rl ¥ o7 FIofr TR |

(b) Show that the function f(x, y) = xy* does not satisfy the Lipschitz condition on 3
the strip | x| <1, | y| <.

WA @ f(x, y)=xp? SFHIH | x| <1 @R | y|< oo AWE Lipschitz-93 *SHeF

ikzeril
geel | x| <1, |y|<oo AT function f(x,y)=xy* o Lipschitz I F=E T H
YHIUT I |
(c) Show that the point at infinity is a regular singular point of the equation 3

x2y"+(Bx=1)y' +3y =0
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@8 @ x2y"+(Bx—1)y' +3y = 0 ANFe0A S Kq0e a0 regular singular 9

R |
T 9UeT famg |IFeBROr x2 )"+ (3x — 1)y +3y =0 Bl AT RiTer fowg & ot
YHIUT R |

(d) If 7 =36 +3¢*] + 2’k then find —
dt di* ar

2— 3
drdrd} ;

T 7 =307 + 312 + 25k W@ di d°F &7 a3 W e 41
dt di? dr

3
I 7 =367 + 362 + 25k WO | —— dr d°7 dF BLRE
dt di? dr

(e) If the vectors @ and b are irrotational, then show that a x b is solenoidal. 3
Ift G @R b (SFAGT irrotational T @ A @ G x b 9F solenoidal T |
I =TeFer G X b irrotational T G x b solenoidal gY T THI0T R |

(f) In what direction from the point (I,1,—1) the directional derivative of 3
#(x, v, z)=3x"—2y° +4z% is maximum?

(1,1,-1) & @@ @ W @@ J(x, p, z) =3x* —2)° + 422 -9 directional
derivative I3 2(F 2

g (L1, —1) §1© P AT @(x, y, z) =3x* —2)° + 42> B RAMHD derivative
e & 2

GROUP-B / Rei-4/ &5

Answer any four questions from the following 6x4 =24
@@ bIFfG 2ia Ted wie
P IR THEHDI IR ol

2. (a) If y, and y, are two linearly independent solutions of the linear differential 3

2
equation % + pz—er qv=0 , then show that the Wronskian is
X X

W, y,) = Ae 7% where A is a constant.

ﬂﬁ‘;f p2y+qy 0 TRe e FRNEER y, 9K y, B ERESE Fod

(linearly independent) FKI¥ g¥ O (wAe @ Wronskian 6 W (y,, y,) = AeIpéx
2, AAC 4 G &< |

ey, ¥ y, ﬁ‘fIEEBQTﬁ'CF\’UT—er?}Jrqy 0 BTG T FHTEES 9T |
Wronskian W (y,, y,) = de” /7% &8 S 70T R | 4 TSeT ReR A & |
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(b)

6. (a)

4078

2
Find the particular integral of the equation Z—gj +y= Eex sinx.
X

2
i,_f Ty= %ex sin x FNFRMHA particular integral © ez
x

2),
HfHHRT C;; -ty = ;e sin x T particular integral FUiFI 7R |

Solve the equation 6; 4 4?} = x? by using the method of undetermined co-
i X
efficients.
2
Undetermined co-efficients “/af® 72 Z—gj - 4% = x? AN A 74|
X X

Undetermined co-efficient @T Ugfc TRINT TRY HHHRIT —= d’ y -4 Zy x2 IERGICIG]
dx®

R

Solve by the method of variation of parameters

d’y dy , 1
R
dx* dx " x’e*
. dzy dy 1
Variation of parameters “@fes AR F d—+ y=—— FATFIACE I
X x x“e

41

2
Variation of parameter &I UGRT TR R FfFHROT d_g/ & +y= 21 IS}

dx dx x“e
FHTYT X |

Solve the following simultaneous linear equations:

forieiRie (alRe Aieate ke T w4
et U AHROT TUTTAIeTS FHTE TR:

@+5x+y:e’

d—y—x+3y:e

dt

2t

Examine whether the vector valued function 7 =% +¢'] +—3/€ is continuous
r+

at t = -3 or not.

7=t3f+e’]‘+%1€ (w59 T R Sora £ = -3 0o e Rl #Frw 9
+

Lo ~ A | - : o
e A function 7 =171 + ¢’ +ﬁk t = -3 AT FR7R §76 AT g SI1d THeI |
+
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(b) Find the work done in traversing around a unit circle in the xy-plane
counterclockwise against a force field

- —y n~ X "
F= i+ .
(x2+y2j (x2+y2J]

xy IO GG GFF FEAA HIRNTe 4w Fio Rty

= -y 2 X 4
F_(x2+y2jl+(x2+y2}
FECHCT FOFRM el 1
xy -GAHT WP B OB ARUR HelHl AR fRermr o s@ &

F:( —Y jf+( a zjja%rﬁuﬁ?rtrr\fﬂa‘rrrﬁ#ao‘rﬂrﬁrﬁaﬂw

x*+y? x*+y

7. (a) Show that @x (b x¢)+bx(Exad)+cx(axb)=0.
MAAS @ Gx(bx3)+bx(Exd)+Ex(@xb)=0.

TN TR: G x (b x&)+bx(¢xa)+ex(@xb)=0I

GROUP-C / fretol-of / Fg-

Answer any two questions from the following
A-F 717 etaa Ted wie
P 53 UHEHD! IR oG

8. (a) Ifﬁ=¢§¢,then show that F-(VxF)=0.
I F =gV SREA@AS @ F-(VxF)=0 |
I F=¢Veg TUVHNITR F-(VxF)=0I

4078 4
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(b)

(©)

9. (a)

(b)

(©)

4078

Prove that V- (Vx A) =0, for any vector function A.
ATV - (V x A) =0, ACII (ST SFF 4 -3 & |

THTOT IR ﬁ-(ﬁxﬁ):o,gﬁvectorfunction A DT

Evaluate the line integral .[ F -d¥ along the curve C:x*+y? =1, z=2 in the
c
positive direction from A(1,0,2) to B(0,1,2) where

F=(y+x22)i+Qz-y)j+(x?-2)k.
C:x2+y? =1, z=2 IF@A FTRRA A(1,0,2) @& B(0,1,2) s = s
(positive direction)

[F-ar
c
line integral o fRfasa, @A F = (y+x22)i +(Q2z—y) ]+ (xp* — z)lg

T integral Iﬁ-d? am C:x*+y? =1, z=2, @I positive T A(1,0,2)
c

B(0,1,2) ATIeABA R | F = (y +x2°) + (22— )] + (xy* — 2)k

2 2.
If 7(t)=7¢% +£'] ~ (¢ =)k then find [ (;7 X %sz :
t
1
a7
dr*

2
W F () =72+ ] — (1 - Dk WA j(fx jdt -3 i e 41
1

2

d rjdtﬁ'UTJ‘T\’I

dar

2
I F(r) =721 +6 ] — (1 - Dk W0 j(?x
1
Find the volume of the tetrahedron where position vectors of its vertices are
J42k,3i+j+k, i+ —k and 4i +3]+2k .

F42k, 30+ j4k, i+ -k @R 4] +3] + 2k = (o33 [FE MR @ e
tetrahedron-43 o ez 541

aquidieeT fifendr Rt swmaexes j+ 2k, 30+ j+h, i+ —k T4 +3]+2k
T IR IR ol R |

Show that ™ and ¢’ are linearly independent solutions of y"—8y'+15y=0.
Find the solution y(x) with the condition »(0)=0 and y'(0)=1.

W8 @ & @R > 7 )" -8y +15y = 0 FNFACH (ARFSIE T T |
y(0)=0 @R '(0) =1 *TS y(x) TN el 411

¥R e Y8y +15y =0 BT HT TIA FHTM & 9+ Y9101 R | I 1(0) =0
T y'(0) =1 qUHHEH y(x) Ao R |

Turn Over
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10.(a)

(b)

11.(a)

(b)

(c)

4078

Define phase portrait.
Phase portrait (& IRGIRI® 34|
Phase portrait &T GRHTNT oI |

Solve the linear autonomous system

X=x+y, y=4x-2y
subject to the initial condition (x,, y,)=(2,—3). Determine the nature of the
critical point of the system and draw the phase portrait for the system.
(X9, Vo) = (2,—3) &RSF =¥ T& i=x+y, y=4x—2y linear autonomous
system ( HNF K1
@ system 041 critical Rpefer agfe e 9 @k system-@3 phase portrait 6 o=«
41
R TR HUITedt FHTE TR

X=x+y,y=4x-2y
IR 9 (x), vo) = (2, —3) DT AT YUTTAIap! critical forgesee! Tl WIST TR
31 JoTTeliaT phase portrait 3ifdhd TR |

Examine whether the differential equation (e + 2xy)dx — x*dy =0 is exact.
(y2e* +2xp)dx — x*dy = 0 S AN exact [l 2180 3411

foga AR (y2e* + 2xy)dx — x> dy = 0 exact &I 37eFaT 81 ST K |

Show that the vector field F = (x* — yz)i + (y* —zx) ] + (2% — xy)l€ is irrotational.
e @ (TG F = (x> — yz)i + (> —zx) ] + (22 = xv)k T irrotational.

NFR &F F = (x> — y2)i + (0 —zx) j +(z* — xy)lg irrotational & 9=t JHTOT R |

Show that the vector field A=(y*+2°)i+Q2xy—5z)]+Bxz>=5y)k is
conservative and find the scalar function for the field.

o

A8 @ A=+ +Qxy—-52)j+Bxz> =50k (37 (FAB RIS
(conservative) 9% O (F(aF scalar SCFHHL e w1

NFex 87 A= (1> +2°) +(2xy —52) ] + Bxz* — 5y)l€ conservative &l 9 THIOT TR
7 T &AehT oTFiY scalar function FofT ¥ |

6+3+2

3+4
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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 4th Semester Examination, 2023

DSC1/2/3-P4-MATHEMATICS
DIFFERENTIAL EQUATION AND VECTOR CALCULUS

(OLD SYLLABUS 2018)

Time Allotted: 2 Hours

The figures in the margin indicate full marks.

GROUP-A / Fell- / @9-&

1. Answer any four questions from the following:
- S5 v Ted wies
P IR THEHD! IR ol
(a) Find %{Zesx +7e" +x}.
D" -7D+10
1
D*-7D+10
1
D*-7D+10

(2> +7¢'"° + x} -@7 A e 72

2™ +7¢"% +x} IR

Full Marks: 60

3x4=12

(b) Show that the function f(x, y) = xy? does not satisfy the Lipschitz condition on

the strip | x| <1, | y| <.

WA @ f(x, y)=xy* SMEFHIH | x| <1 @K | y|< oo AWE Lipschitz-93 *SHeF

P s@

geel | x| <1, |y|<oo AT function f(x,y)=xy* o Lipschitz I F=E T H

YHIUT TR |

(c) Show that the point at infinity is a regular singular point of the equation
x2y"+@Bx-1)y'+3y=0

A8 @ x2 )"+ (3x—1)y' +3y = 0 AT SN KHCe IS0 regular singular 79,

IR |

T 9T famg QIFeBROr x2 )"+ (3x — 1)y +3y =0 Bl AT Rier fo=g & ot

YT TR |
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(d) If 7 =36% +3¢2] + 26’k then find
dt dar* dr

di d*F dﬂ

A 7 =307 432+ 20k = | 40 d: 7| g5 ot o
dr df’ dr

I 7 =357 + 302 + 28k 90 | — dr d7 dF Ao R |
d dt? dt

(€) If the vectors @ and b are irrotational, then show that a x b is solenoidal.
T G @R b (S99 irrotational T OE@ MAE @ g x b GF (6 solenoidal TR
I Yarex @ ¥ b irrotational YU @ x b solenoidal WWW‘R’ I

(f) In what direction from the point (1,1,—1) the directional derivative of
$(x, y, z) =3x* =2y +4z% is maximum?
(1,1,-1) & @@ @« W @@ P(x, p, z) =3x* —2)° + 422 -9 directional
derivative A IR

g (1,1, 1) 91 P AT $(x, y, z) =3x* —2y° +42% B RAHD derivative
e &5 ?

GROUP-B / Rei-4/ T3
Answer any four questions from the following 6x4 =24
@-F bIFf0 2Tsa T wie
P IR THEHD] IR oI

2. (a) If y, and y, are two linearly independent solutions of the linear differential equation 3

Cz; g}+pij—y+qy 0, then show that the Wronskian is W(y,, y,) = Ae” Ipx ,

where A is a constant.

ﬂfﬁ‘;f+pfl—y+qy 0 @RS oRFe TR y, @Ry, 4o @RFCE ToF
inearly independent R V@ MR8 @ ronskian B
(linearl dependent) I i Wronskian ©
W(yl,yz)erfjpdx | (AT A 2 LT

2
Iy, X y, s Wfl—g}+pj—y+qy20 BT G T JAMES AU |
X X

Wronskian W (y,, y,) = de”'?% &8 9 JH0T R | 4 TSeT ReR A &l |

2
(b) Find the particular integral of the equation % +y= %ex sinx . 3
X

CZ; f +y= %ex sin x ANFAI0A particular integral a1

2
SIEEAYI Z’ f+y —%e sin x @ particular integral 07T R |

4078 8
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2

3. Solve the equation fl—g} - 4% = x* by using the method of undetermined co- 6
x X
efficients.
. . d’y dy
Undetermined co-efficient Y&l IR FC e Iharn =x° (F AV« F1
X X
2
Undetermined co-efficient T Tgfcl TIRT TR FfHHT Z_)zj - 4% =x? S JEEI=
x X
R
4. Solve by the method of variation of parameters 6
d*y .dy 1
—5+2—=—+y= .
e’ dx Y x*e"
L Ldiy L dy 1
Variation of parameter “/@fos ML) A ¢ S +2——+y=—5—1
dx dx x“e
2
Variation of parameter @I YGfIells TN TR AT Z—)2}+ 2j—y+ y= 21 - IS
X X x‘e
HFHTY TR |
5. Solve the following simultaneous linear equations: 6
feefeiire cafke Hilieaee i e ws
et fegudT AFTHROT THUTTetielTs T TR:
dx
—+5x+y=¢
a7
dy 2t
——x+3y=e".
a7
6. (a) Examine whether the vector valued function 7 =7% + e+ %IQ is continuous 3
+

at ¢t =-3 or not.

”=t3f+e’j+%1€ coge KB St 1 = —3 (@S [l A 9
+

. — n n 1 ~ . [
NFeR A function 7 =17 + ¢’ +—3k t = -3 |7 =R (continuous) g0 Il o%éq
t+
A4 \i ? \I

(b) Find the work done in traversing around a unit circle in the xy-plane 3
counterclockwise against a force field

= -y 2 X A
F = i+ .
(x2+y2j (x2+y2jj

4078 9 Turn Over
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xy IS GF {6 G QT BRI TIGH FIoIR [
- -y a X )
F= I+
(x2+y2j (x2+y2J]
FECHG FOPD el T4
xy -GAHT WUHT B Ul aRUR Bl ARG fRemr eft sd &

F:( —Y jf+( a zjja%rﬁuﬁ?rtrr\fﬂa‘rrrﬁ#ao‘rﬂrﬁrﬁaﬂw

x*+y? x> +y

7. (a) Show that @x (b x¢)+bx(¢xa)+éx(axb)=0. 2
MAAS @ Gx(bx3)+bx(Exd)+Ex(@xb)=0.
TN IR: G x (b x&)+bx(Exad)+ix(@xb)=0

(b) Prove that for any four vectors a, b,%,d, 2+2

(Gxb)x(¢xd) =[abd]¢ —[abéld

GROUP-C / fRist-st / \g-

Answer any fwo questions from the following 12x2 =24
-3 715 2tad Ted wie
P 53 UHEHD! IR oG
8. (a) If F=¢V¢, then show that F-(VxF)=0. 4

I F=¢gVg SREA@AS @ F-(VxF)=0
IS F =gV TN R F-(VxF)=0

(b) Prove that V- (V x A) =0, for any vector function A . 4
eI V- (Vx 4) =0, A (ST SAFF A -3 &) |

TN R: V- (V x A) =0, 7 vector function A T @R |

4078 10
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(c) Evaluate the line integral .[ F-d7 along the curve C:x*+y* =1, z=2 in the 4
c
positive direction from A(1,0,2) to B(0,1,2) where

F=(+x22)i+Q2z-y)j+(0?—2)k.

C:x2+y? =1, z=2 IF@A FRA A(1,0,2) @&F B(0,1,2) s = s
(positive direction)

[F-ar
c
line integral o fRfasa, @A F = (y+x22)i +Q2z—y) ]+ (xp* — z)lg .

Y& integral [F-dif @b C:x+)* =1, z=2, I positive fam 4(1,0,2) <=t
C

B(0,1,2) ATIeABA R | F = (y+x2°)i + (22— )] + (xp* —2)k .

2 2
9. () If 7(t)=7t% + 1] — (t — Dk then find j (F x %)dr . 4
1

2
7

2
W 7 (6) =764 + 1] - (t - )k WO j(fx‘;—z]dt g i+ e 51
t
1

2

d rjdtﬁ'UTJ‘T\’I

dar

2
e F(r) =76+ ] — (1 - Dk Wj(fx
1

(b) Find the volume of the tetrahedron where position vectors of its vertices are 2
J42k,3i+ j+k,i+]—k and 4i +3]+2k .

F42k, 30+ j+k, i+ -k @R 4] +3] + 2k = (937 [FE MR wa 1fFe

tetrahedron {5631 Szred faefa <5211
gqurEiaeT ot Rl waTaeves [+ 2k, 30+ j+k, i+ )k T4 +3)+2k
Y IFPT IR T TR |
(c) Show that ¢ and e** are linearly independent solutions of " -8y +15y=0. 2+4

Find the solution y(x) with the condition y(0)=0 and y'(0)=1.

@IS @ & @R ¥, y" -8y +15y = 0 AAFRDA b (RIRFSIR F- ANl |
p(0)=0 @R '(0)=1*ITS y(x) TNATF T 52

¥R Y =8y +15y =0 BT T FId FHIE & W= THI0T R | A (0) =0
T y'(0) =1 qUHHEH y(x) Ao R |

2
10.(a) Solve: xz%—x%er:ﬂogx. 6

2
RRINCEEE xzd—i}—xdy

—— +y=2logx.
dx dx Y &

2
THTYT TR: xzu—xd—y+y:2logx
dx? dx

4078 11 Turn Over
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(b)

11.(a)

(b)

(c)

4078

2
Solve (1- xz)% + x;l—y —y=x(1—-x*) given that y=x is a solution of its
X X

reduced equation.

2
(l—xz)j—f—i-xj—y—y:x(l—xz) @ TG T4 @A OF ANFIADT TPO
X X
(reduced) AT ¢F T AALT y = x WS AR
2
THTY TR: (l—xz)j—f+x2—y—y:x(l—x2) QU ©: y=x reduced AfHRUB
X X

AT 8T |

A particle moves along the curve, whose equation is x=2¢>, y=1>—4¢,
z=3¢t—-5 where ¢ is time. Find the component of its acceleration at time # =1 in

a=4i -3+ 2k direction.

@Bl Tl x =262, y=1*—4t, z=3t—5 IGCAA A BT A ¢ 7S R
=1 G =4i -3 + 2k ST g ToArIf e 1

TSCT BT b x =242, y=1> -4, z=3¢—5 T AT IB | J&T ¢ I9T & | T
t=1% G=4i —3]+2k B R YaTepy WrT 0T R |

Show that the vector field F = (x* — yz)i + (y* —zx)j + (2% — xy)lg is irrotational.
WAle @ (SFACHA F = (x* — yz)i +(y? —zx) j + (2° — xy)lg T irrotational.
NFex 87 F = (x> — yz)i +(y> —zx) ] + (2> = xy)k irrotational & W=t THII TR |

Show that the vector field A=(y*+2°)i+Q2xy—5z)]+Bxz> -5y)k is
conservative and find the scalar function for the field.

e @ A= +2)i+Qxy—52)j+Bxz> =5y)k (SIACHAH WIS
(conservative) ¥R O& (F(4 scalar SCAFHL ICoRETE

AFex &§F A= (2 +2)i +(2xy—52) ] + (3xz* - 5y)1€ conservative & 9T JHIT TR
7 T &AehT oTFiY scalar function fFofT ¥ |

12

3+3



