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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 4th Semester Examination, 2023

DSC1/2/3-P4-MATHEMATICS A~
DIFFERENTIAL EQUATION AND VECTOR CALCULUS \ 1
_ (REVISED SYLLABUS 2023) :
Time Allotted: 2 Hours 4 Full Marks: 60
1e figures in the margin indicate full marks. N/
Svmbols have their usual meaning. ‘\

\\
N/
GROUP-A / {ehl-& / G5-&

3 Answer any four questions from the following: @,} Ix4=12

@-CF BIFIT & e wies

B IR THEHD] I oG ”\«}ﬂ ;
(a) What do you mean by degree and order of ar& ifferential equation? Find 3

the degree and order of the D. E. )

43
212
dx dx o

A 90 Higigel Wﬂw\%ﬁorder) @< 91% (degree) IS & @RI 9

(b)& 'the function f(x, y)= xy2 does not satisfy the Lipschitz condition on 3

ow
‘Ekew [x]=<1, | y]| <.
..‘\‘x g
m@ @ f(x,y)=xy’ SO | x|<1 9K | y| <o SBE Lipschitz-939 =@

1 @ Al

ueel | x|<1, | y|<o AT function f(x,y)=xy® o Lipschitz & T=I¥ T 9
THIT TR |

(c) Show that the point at infinity is a regular singular point of the equation

V4 @Bx=Dy'+3y=0

L
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@A @ x? "+ (Bx—1)y'+ 3y = 0 ANFAATA S F40e @Ff6 regular singular 7T
ez

WW%@H@W x2y"+Bx-1)y'+3y=0 ﬂﬁ'ﬁ'ﬂﬁﬁ%ﬂﬁ? ﬁ"_g?f T
YHIUT R |

3

R

/

ar a {gg”/
E‘ﬁ:’r—311+3t;+2t3k‘q"~'{ E Aol 7w | '

dt dPt df "\

(e) Ifthe vectors @ and b are irrotational, then show that @ x b iw ;
W g @ b (SFFA irrotational TWSE@ MAE @ G x b 93 oselenoidal A |

x.
(d) If 7 =367 + 312 ] + 2/ then find dF d’F d’F
F dr

3
a7 df ‘:; ] -7 M e 31
f

w7 =365 + 3] + 2%k @Iw{
dt dt~

('8 ]

IfE =aeFex @ T b irrotational T @x b solenoidal TR |
(f) In what direction from the point (1,1, —1) NG ’:’tional derivative of 3
o(x, v, z)=3x" —2_v +4z% is maximum?. ;
(1,1,-1) "™ = @9 e @E =3x*-2y° + 427 93 directional
derivative % 203 9 ; /’"‘*
g (1,1,-1) I© P éﬁﬂrﬁ afr&p z}‘l 3x* =2y’ +42° B RS derivative
a;ﬁamqg:ao \
\i\\
\}ROU P-B/ Rer-4/ Fpa
Answer any four questions from the following 6x4 =24
e (% T @ oA e Tea wie
"4’{%\ P IR FHEHD] SR oE

2. (a) ﬁ\%l ¥, are two linearly independent solutions of the linear differential 3
&g 2 & d d’ } dy

ion 3 d—+c;} =0 , then show that the Wronskian is
fie?
O

QN o
NN (3, v,) = de Ipex , where A is a constant.

A

gf j;—}#p%my:o @R SR FHTAEE y, R oy, 9 @RTSIE FoE
& il X

(linearly independent) I 2 O (#41& & Wronskian B W (3, y,) = de ' 7
TR, @AE 4 GF0 £3F |

IR y, X y, s aftexor ‘:;f j"’ y = 0 BT IR A FHTEED 9 |
= X

Wronskian W (3, y,) = de” 7% &6 S yHI0I TR | 4 TSer ReR A &1 |

4078 2



9

UG/CBCS/B.Sc./Programme/4th Sem./Mathematicss MATHDSC4/Revised & O1d/2023

2

(b) Find the particular integral of the equation L +y= lex sin x.
i dx* 2
2
Q = l e sin x FANFAI0F particular integral % Rz 7a
dx® 2

2
HiHaRor % +y= %e‘ sin x @7 particular integral RfT 17 |
i3

2
3. Solve the equation %—4% = x* by using the method of undetermined co-
x
efficients. ( 5
i 2 E
Undetermined co-efficients 2&f® 4214 T4 f‘;—f - 4% = x* FNFINE TN F
: 3 N
25 J
Undetermined co-efficient @' &fd TN R FfFa=0r j % —-4% =x2 A
2
N
4. Solve by the method of variation of parameters @
L':Jr 2Q +y= ,1 0
dx dx x‘e \ ]
%l
Variation of parameters ?@fed 2 d ; Ny ) = 21 — FAFNT G
: . i x‘e
*41

2 ‘
Variation of parameter @I Ugfay W ity d—‘;’+2d—}+y: 21

&\ dx dx x“e
NHHTET X |

inear equations:

Solve the following simultanee
o —;{qp:‘».‘?‘

]

% £ T - A ] =l .
6. (a) ‘Examine whether the vector valued function 7 =#i + &' J+ ———gk 1S continuous
Tk

at 1 =—3 or not.

F=r3f+e’}+%i€ (©F4 Wi [ Sowal 1 = —3 (7@ a2 T 41
+

Herex 5 function 7 =177 + e’j'+—13-£ 1 = =3 A7 AR~ §78 I1 g Sifa e |
Tt
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(b) Find the work done in traversing around a unit circle in the xy-plane 3
counterclockwise against a force field

=2 = o X B
Foml=u It 3
[X'-i-sz [x2+y2]}

xy IO G (b 9IS JELF HRAAN 9 Fioia [odegi

= =¥ o X o
F_[xzwz]w(xzwz} \
FCweE e ek 33 {:\)
xy GOEAT WUHT IHE gD aNOR el fAwia Rumr s s
F=[ ;y,]h( o & }; 1 fdter o e TR e ot R | .\Q
X Xy \’
V :

7. (a) Show that @x(bx&)+b x(¢ xa)+¢x(axh)=

@MAC @ ax(bxé)+bx(Exa)+cx(axb)=0.
L IURIES ax(bxc)+b><(cxa]+c><(a><b) ol @ké

(b) Prove that for any four vectors a, b, ¢ c? \ 2+2
(@xb)x(Exd) =[abd)é~
' (b GROUP-C / faetsi-al / 551
Answer any fwe questions from the following 12x2=24
-CF 715 ereid Tea e
P+ G5 THEHD! IR oG
8. (a) If F =¢V ¢, then show that F-(Vx F)=0. 4

I F =gV ORE GAS @A F-(Vx F)=01
I F =gV TN TR F-(Vx F)=0]

4078 4
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(b) Prove that V -(V x ;i) =0, for any vector function A . 4
AT V- (Vx A) =0, AP (ST NFE A -3 &) |
PLIURIES 6’—(€'xﬁ)=0.ﬁvectorflmction A Brarh|

(c) Evaluate the line integral IF‘ -dF along the curve C:x’+y*=1, z=2 in the

B

positive direction from A(1, 0, 2) to B(0,1, 2) where
F= (y+x2*)i +(2z - y)_f + (xy2 —-z)ié i

C:x*+y* =1, z=2 I&@A JRA A(1,0,2) ®&E B(0,1,2) 8 Wiy W (b\’

(positive direction)
f F-dF \Q
line mtegralﬁﬁ‘fﬂﬁ @A F = (v +x2°)i +(Q2z- )]+ (0® = 2)k"

XET integral IF di ab C:x*+y*=1,z=2, @' positive @4(1 0,2) <&
o

~

B(0,1,2) AMIARBA R F = (y+x2°)i + (22— »)j + (k-2

(b) Find the volume

3
T42E 5PN Y and 4 +3] + 2k .
J42k, 3G R+ f—k R 47 +3 ]+ 2k SREE (o3 RRE TfRm wrm oifde
tetrahedron =44 SIS s
TP %Wﬁ'ﬁ]+2k 3:+;+k :+; k?4r+3;+2k
e Hﬂﬁ?ﬁﬂﬁﬂ?l
how that ¢’* and e’ are linearly independent solutions of y"—8)'+15y=0. 5

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

A (@ ™ G &F U " —8)' +15y = 0 FIPACHR (ARFSI F= T
y(0)=0 @& y'(0)=1 S y(x) FNNE 87 )

e X &y -8y +15y =0 BT T Tad G & WA THIOT TR | IR (0) =0
T 3'(0) =1 AU y(x) Foa TR |

4078 3
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10.(a) Define phase portrait. 1

11.

(b)

(a)

(b)

(c)

4078

Phase portrait (& W EIS 4|
Phase portrait & GRYIST o1 |

Solve the linear autonomous system 6+3+2
X=x+y, y=4x-2y

subject to the initial condition (x,, y,)=(2, —3). Determine the nature of the 'Y

critical point of the system and draw the phase portrait for the system. & %\E

(X0, ¥9)=(2,-3) &RfET =€ =& i=x+y, y=4x—2y linear autonomqua\ )
system CF A4« 4 | Ny ,\

& system 54 critical ﬁ“{l‘@ﬁﬁ eigfo foef 32 @2 system-4d phase p{t@%’%z

F4

T T HuTTelt FHTET TR 8 O
X=x+y, y=4x-2y \
RS A (x,, ¥,) = (2, —3) BT 37EfFaT HUMehior crmcayﬂjﬁm BET RIS R
3 wunefleT phase portrait 3iféhe 7 | A \%W,i’
% \~‘t
Examine whether the differential equation (y ejg %ﬁ.@?)w x*dy =0 is exact. 2

(y%e* +2xy)dx — x’dy = 0 ST FANF7 X\ﬁﬁﬁﬁ%ﬁl
frees AR (3% + 2xy)dx —aPdh ;_‘ act BT 37T 815 S N |

Show that the vector field F ('? - yﬁ; +(p* —2x)j+ (2 — x»)k is irrotational. 3
(AN (A (TFACHE F = (x° «-yz); +(y? —zx) ] + (2% = xp)k B irrotational.
TR &5 F = (x* — mg)s%%— 2x)j + (2% - xv)k irrotational & 9=t THTT R |

Show that the{ veetor field A= +2°) +(2xy—52)} + Gxz® —5p)k s 3+4
consewatlvm E scalar function for the field.

mAqe @ .i—,e{v +2)i +Q2xy-52)j+(Bxz> =5y)k (e%a Cwa® FaAFES
(consel%an ) 922 TE (FCEF scalar SO Hm T

'M A=07 +2%)i + (2xy —52)j + (3xz> =5y)k conservative & 9 7T R

¢ Mﬂﬁ AT scalar function fofT 7% |

X
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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 f}\\
(OLD SYLLABUS 2018) N f“\{;\
® \xg
Time Allotted: 2 Hours \ “Full Marks: 60
The figures in the margin indicate full marks. \
GROUP-A / e / agg-® g; :
oy
i Answer any four questions from the following: §: 4 g = 3x4=12
- bIAlT ets Tag wies \ N/
P IR THEHD! ITR ol "N\SN
1 . P
1 /ﬁ K\.«/}

(a) Find —————-——-{285"' +7€'% +x) |
D>*-7D+10

5 71D+10 {26 7" +x}<§ﬂ%ﬁﬁ‘fﬂ?ﬁi

o | SRR '\'\ :-Iq‘l
D? -1D+

(b) Show that the ﬁ% f{»j y) = xy” does not satisfy the Lipschitz condition on

the strip | x [‘f“f‘%

mare @ @ xy”? SCAHSH | x| <1 GRR | y| <00 R Lipschitz-9d *SHE

, | ¥| <0 AT function f(x, y)=xy" & Lipschitz ﬂ?‘fﬂﬁ&"’lﬁ?ﬁ

x*y"+@Bx-1)y'+3y=0

(€ @ x*y" + (3x—1)y' + 3y = 0 FANF0a SH™ [F0© 9Ff6 regular singular &9
ez |

WW@‘EW x*y"+(3x=1)y +3y =0 @ g e ﬁ'l—'-g?;\"f el
UHIUT IR |
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(d) If 7 =3¢° +31* ] + 26’k then find { 7

dr¥ d*F d3
dt’ dr

dt dt* dtf

A 7 =367 + 3¢ f+2r3k33{d’" v ﬂ]_qamﬁaﬁqw|

df dr’ dt

afe 7 =357 + 3.2 ] + 2%k ww | 22 di d’7 ar Ao |
J

(€) If the vectors @ and b are irrotational, then show that @x b is solenoidal.

AW G @R b (TFAF irrotational T @ L8 @ G x b G solenoidal 2|
A HFER @ R b irrotational WY Gx b solenoidal §8 ¥+ FHIUI K | I {,,,

N

(f) In what direction from the point (I,1,—1) the directional ,ﬁ'@e Yof

#(x, v, z) =3x* =21° + 42% is maximum? W

(1LL-1) B @& @« e w@—e o(x, _v,z)=3x4—2y3+;}\§~ﬂ;/directional

derivative S5 20 ? 7
fé;:e (1, 1,-1) 9c o ST B(x, v, z) = 3x* -2y’ +,ﬂ; @)‘, é’%ﬂ?\qﬁ derivative
emasatrwv é\

'”\ 7

e
\\ ” 4

GROUP-B fﬁm;\}

Answer any foui' quesﬁoﬁfrom the following

- B1Af5 einera S e
2. (a) If y, and y, are two lmegﬁ%kmd)’ependent solutions of the linear differential equation
d’y dy ¥, )_Ae-der’
dx?® dx

\
N

v

(b) Find the particular integral of the equation

4078

Mgﬁ

where 4 is Wﬁw '\».

4
3

I dy+g-‘?i+q»_otaﬁm= GAFE TNPACEE y, @Ry, [ (@RTONI HoF
dv?l  dx :
(hnea% ;mdependent) T W W@ M€ @ Wronskian ©® =@

e Pt | @A 4 T

a%’vlwqﬁﬂazﬁwﬁzmmjx Z‘ = 0 &1 WY A THYFES 9T |

S Wronskian W (y,, y,) = de”' 7% &5 9 JHIOT TR | 4 TSeT ReR AW &7 |

2

—+y=—e"sinx.
b= 2

I . ’ :
= e sin x 2D particular integral B a3

)

dy
dx?

d’ g : :
AR , L ¢ Y= 5 e" sin x & particular integral o7 7R |
b2

Y

.»,//’

‘m

m\

6x4 =24
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2
3. Solve the equation %—4% =x* by using the method of undetermined co-
X

efficients.

2
Undetermined co-efficient #&f® <9219 S % —4 ?} = x’ CF AN F4
X

Undetermined co-efficient @7 gl TINT TR ST —= d’ J / Q = x> &S FEEE é
R (&
4. Solve by the method of variation of parameters N \Q&
2 . 4
d—-— - 22 +y= 21 ] \
dx* dx xe" V

Variation of parameter #&fed FIRICY Fl F42 ixf + 2ﬂ + ‘@ [
& X

Variation of parameter @7 JGRIATS FART TR HH4

HHY X |

5. Solve the following simultaneous liné .
forsfeiRre tafier srieaere e T FC)
GEACEGIRIEE I B ICICIES

£+5x+y:e’
RO
Qﬁx-{-s'}r—%

dr

I g : E < A I 2
6. (a) Examine w vector valued function 7 =777 +¢' i) +r_§k is continuous
+

t—lgié ce3awle RFE S 1 = —3 (@ 7os a1 2180 41
_|_

91 function 7 =17 +¢' Jf + ﬁk t = =3 AT A=A (continuous) gD ATY Eal
+
it TR |

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

ﬁ:[ = ]H[ _x ]f
X 2= Xt

4078 9 Turn Over




UG/CBCS/B.Sc./Programme/4th Sem./Mathematics/ MATHDSC4/Revised & O1d/2023
xy NS I3 GFF G S 5foa it Rerfren
= ===} A X A
Fi= I+
(xz+sz [xz_i_szJT
IR oS T T
xy -GAEAT WUHT g JOH! aNGR geiel Rwla Remm o g9 &

F:[ =% 1}#[ 5 J; T faoie U e TR @y Ao 7R | A
= T X +v {\

7. (a) Show that dx (b x¢)+bx(Exad)+cx(@xbh)=0. &
Cﬁ‘ﬁ‘ﬁﬂax(bxc)+bx(cxa)+cx(a b)=0. Q

THIOTTR: G@x(bx3)+bx(Exad)+Ex(@xb)=0

(b) Prove that for any four vectors a, b, ¢, d ,

(@xb)x(¢xd) =[abd)é —[abc)d @
=[acd)b —[béd]a @
G,b,¢,d SR 3@ T e 92 N

(@xb)x(@xd) =[abd)c -]
~[acd)

2+2

IO R: $ IR AT d,
(@xb)x(Exd) —& ~labéld
ch]b —[béd)a

GROUP-C / fetst-ot / 5

§ Answer any fwo questions from the following 12x2 =24

@-CFI 416 eved T mie
P 3 THERD! STR o

f F=¢Vg, then show that F-(Vx F)=0. 4
I F =gV SRE @A F-(Vx F)=0
g F=¢gVg TR F-(VxF)=0

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

THIOTR: V- (V x A) =0, T vector function A T & |

4078 10
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(¢) Evaluate the line integral IF-dF along the curve C:x*+y?=1, z=2 in the

Q
positive direction from

ﬁ':(y+xzz)f+(22—y)}'+(3gv2 —z)kA.
C:x*+y*=1, z=2 I@EA WRA A(1,0,2) RF B(0,1,2) *fe g W

(positive direction)
|F-aF
c

line integral 5 faefa T4, FAAE F = (y+x22)i + 2z — ¥)Jj+ (xy2 - 2)k

T integral J.f:"-d? gh C:x*+y* =1, z=2, @I positive f&2m A(1, 0,
o §

B(0,1,2) AT R | F = (y+x2°)i + (22— y)j + (0 - 2)k .

9. (@) If 7(r) =7 +£ ] — (t — 1)k then find J'[;-'x = 4
|

;MM F(1) =70+ ] - (1 - )k WO

2
IR F()=T1 +£] - (t =1k 9T j(; X
1

(b) Find the volume of the tetrahedron

J+2k,3i+j+k,i+ ]~k and 4 +3] .
JH2k, 3+ jHk, i+ j—Fk u‘l+2§ TE (e39 [FE MdRw a@l sfe

tetrahedron 53 wTew 4T %2

’(0) =1 U FAEH y(x) FoiT R |

2 dz}' dv
10.(a) Solve: x"—=-—x—+ y=2logx.
(a) T g

ad 4 !
T FAE X *—x%ﬂczmgx.

2

dx
2 s
TR 2L By 210g
dx~ dx

4078

e, ¥ =8y +15y = 0 FNFAH7 4 taRTeI &= FwigE
0)=1*tS y(x) TN W 341

5y =8y +15y =0 BT YEIT TG FHATY & W FH0T R | R p(0) =0

Q

>
2
S

2+4

Turn Over
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o
(b) Solve (l—xz)g—erxQ—y:x(l—xz) given that y=x is a solution of its
d* T dx

reduced equation.

2
(1—x2)‘f;{-+x;ﬂ-y=x(l-x3) (@ A 9 AN & FANFaiBa TR
S X

(reduced) FNTACR GFf6 TN y = x 27E HZ |

HHTE TN: (lnxz)%—kx%—y:x(l—xz)ﬁ@ﬁ' B: y=x reduced Af¥evurAT

et @

11.(a) A particle moves along the curve, whose equation is x=2i3,, :;;:

z=3r—5 where ¢ is time. Find the component of its acceleration altinles? = 1 in
d=4i —3]+2k direction. \
GF0 I x =217, y=1>—4¢, z=3t—5 I&F@A TG AN + T

t=1 G=4i —3]+2k e et Setief® e

QGEIEHUT'dﬁx=2rz,y=r2~4r,z=3r—5Tﬂ',_ {5
t=1%a=4i -3j+2k Eﬁ%ﬂmww@
(b) Show that the vector field F = (x> — yz —zx)}'+ (2" = xy)!; is irrotational.
4 N I
@A (@ (SFACHT F = (x° —yz)f{%k (O’ —%zx)}' +(z* =)k T irrotational.
WFR 8F F = (x% — y2)i + (3.’.3\‘_— X)) (2 - xp)k irrotational & It THTOT 7Y |

(c) Show that the vecto ld A=(*+2°)i+Quy—52)] +Bxz* —5y)k s
conservative and }i&i 1e scalar function for the field.

- 3 b ~ A 5 ~
RIS @ A=z’ ) +(2xy - 52) ]+ Bxz® - 5y)k  (oFaTEAB e

(conservativ );ﬁ ' q scalar SIS0 Fefa 541
Yex 2& 2+ 2% + (2xy = 5z2) ] + 3xz2 — 5y)k conservative & W=t THTT TR
g STt scalar function oy 7R |
\‘
i\{@ ;
.Qrs\\i.}}‘
W
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