ENGINEERING MATHEMATICS TEST 2

Number of Questions: 25

Time: 60 min.

(ORDINARY DIFFERENTIAL EQUATIONS, CALcuLus (VECTOR CALcCULUS))

Directions for questions 1 to 25: Select the correct alterna-
tive from the given choices.

1. The directional derivative of
flx, y)=x%*+3xy at (1, 2) in the direction of unit vector

T
which makes an angle of 7 with the x-axis
is

(A) 162 (B) 82

15 25
©) 7 (D) NG

2. If the vector e~ (;+;+%) is solenoidal, then the

value of p is .
A) 3 (B) 3
©) -2 (D) 2

3. Evaluatej (x2 +3 yz) ds where c is the curve defined by

c

1
x = 6y; z=4 from (3,5,4) to (6, 1, 4).

(A) 15437 (B) 237
(©) 199 (D) 3733

4. The unit normal vector to the surface x)* + 3yz = 3 at
the point (3, -1, -2) is

@) —i-3j-3k ®) —i+3j-3k
Ji9 Ji9

© i+3j-3k ©) i-3j-3k
Ji9 Ji9

5. Evaluate the integral [ (yz+z+2")dx+ (xz—1)dy +

(xy +x + 2xz) dz from (2, 3, 3) to (3, 4, 5).
(A) 146 (B) 107
©) 39 (D) 185

6. Evaluate the integral Cﬁ (x+2 y) dx + x* dy, C is the

triangle with vertices at (0, 0), (3, 0) and (3, 3) taken in
that order.

45
(4) 18 ®

37
© = (D) 15

7.

10.

11.

12.

13.

Evaluate the surface integral ” FndA, where
N

F=z* f+xy}+ v k and S is the portion of the surface

of the cylinder x? + y* =49; 0 <z < 5 included in first
octant.

(A) 518 (B) 2590
2590
© 3 (D) 624

If V=(2x—y)-yz’j-y’zk, then evaluate é V.dr

where C is the curve bounding the projection on the
semi sphere x> + y* + z> =9, z > 0; in the xy plane.

(A) 18m (B) 6=

C) 8n D) 97

If r=2xi+3 y}+ zk and V is the volume of the sphere

¥ +y7+2 =16 then [[ rndd =
N

(A) 387 (B) 512
(C) 438 (D) 348 n
The work done by the force F=2xyi+y’j+zk in

moving a particle over the circular path x* + y>=9;
z=0 from (3, 0, 0) to (0, 3, 0) is

(A) 17 (B) 12

© -9 (D) 6

The solution of 3(xdy + ydx) = 2xydy when x = 1,
y=1is

(A) 3log (xy)—2y+2=0

(B) log(xy)+y—2=0

(C) logx+1logy+2=0

(D) log(xy)—5y+2=0

Solve dy=(9x +y—1)’dx whenx=0,y=1.
(A) 3tanx=3x+y—1

(B) 3tan(3x)=9%x+y—1

(C) tax =9 +y—1

(D) 3tan3x=9x -y +1

The solution of the differential equation

dy — yd
xdy—ydy (z]dx s
X X

(A) tan (Z) = log (cx) B) tan(
X

= <

j=x+c

(C) tan™ (Z)=log(cx) (D) tan( j=logx+c
x

< | =



2.10 | Engineering Mathematics Test 2

14.

15.

16.

17.

18.

19.

dy 20.
The integrating factor of oY tanx — cosx = 0 is
(A) cosx (B) sinx
(C) secx (D) cosec x

2 2
Solve the differential equation d_y Xty with the = 21.
dx 2xy

boundary conditions x =1, y = 1.
(A) x¥*+y*=3 B) x*—»*=0
(C) x¥*—y*=2 (D) x*+y*=2

The solution of the differential equation ydx = (x + 3)°)
dywhenx=1,y=11s

(A) x=3»—1 B) 3x=p(2y*-1)

(©) 2x=y3y"+1) D) 2x=y3y*-1)

The particular integral solution of the differential
equation

3
dd7d_y

-3y =¢e*sinkhx is

dx Tde? o dx

(A) %[es"—Ze“]

(B) %[e“—xe’“] 2.
(©) o[ —8xe"]

(D) —[xe ~2¢™ ]

The solution of the differential equation (D* + 5D?)y
=4is

1
(A) y=C +Ce™ +§x2

24,
2
(B) y=C +Cx+Cie™ +§x2
2
(€) y=(C +Cyx) €™ +§x2
2
D) y=(C +Cyx) e’ +§x2 +e

The particular integral of the differential equation given
by (D*-2D +4)y =x*e'is

(A) ée‘ (3x*-2)

—e* (3x2 - 1)

(B) éex (2)62 - 3)

©) (D) e (2x"-3)

22.

25. The inverses Laplace Tranform of (

The solution of the differential equation (D*+ D*+ 36D
+52)y=0is

(A) y=(C, +Cx)e™ +(C,+ Cx)e™

(B) y=(C,+ Cx+ C,cos3x + C,sin3x)e™

(C) y=(C,+Cx+(C,cos3x + C, sin3x)e ™

(D) y=(C,+ Cx)e™ +(C, cos3x + C,sin3x)e™

The Laplace Transform of the function f () = # sin3z,
t>0is

(s —25+9) 18(s*-3)
A) ——< (B)
(s°+9) (s +9)
© —(s* —2s+9) o 6(s —2s+9)
(s2 + 9)3 (S2 + 9)3

If u (t+ — a) denotes the unit step function, then the
Laplace Transform of (# + 3) u (¢ —2) is

(A) ( +i+7) = (B) (%+§jek
N N

©) (% + 3) e (D) (L} + iz + z) e
S S S S

The Laplace Transform of solution of the initial value

problem dzy —2% —8y=0,y(0)=1andy' (0)=-2
willbe
A ——— B) —
(A) (s—4)(s+2) ®) s—4
-1 1
© (s—4)(s+2) (D) s+2

1
7]
(B) \/Z(4f3)

T
(D) \/§(4t+3)

4(25+3)
T IS
st +ds+ 20)

The inverse Laplace Transform of — {

(A) \ﬁ (2t-3)
T
(©) \E (2t +3)

(A) e*[2cosdt — sindt]
(B) €*{2sindt — cosdt]
(C) e?[2cosdt — sindf]
(D) e?[2sindt — cos4t]

1. D 2. D 3.A 4. B 5.B 6. B 7. C 8. D 9. B 10. C
11. A 12. B 13. A 14. A 15. B 16. D 17. C 18. B 19. A 20. D
21. B 22. A 23. D 24. A 25. C
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HINTS AND EXPLANATIONS

1.

Given f(x, y, z) =x* y* + 3xy

) df— - _
—fi+—fj =GBy +3)i+ 2P y+3x)j
dx dy

(V0 =(12+6)i+(4+3)j =18i+7;

Vf=

T
Given that unit vector makes an angle 7 with x-axis

it vect tb Z—cos£f+sin£_' = Z+j

unit vector must be 4 4J = NG
The directional derivative of fin the direction bis VY. b
(i+7) 18+7 25

NP

Given V = err= (Z+}+%) is solenoidal

(18i+7)). Choice (D)

We know that if V is solenoidal, div ¥ =0
ov, v, v,
—+ +—=
ox dy oz
=" pte T (=) + e (=1) =0

0

Lp-1-1=0= p=2 Choice (D)
t
Letx=t;y=g;z=4and3£t£6.
2 2
ds= (ﬂj (d—y) dt = 1+ ar=Y" 4y
dt 36 6

Let fix, y,z) =xy* +3yz -3
The normal vector to the surface f(x, y, z) is

—y—ytanx—cosx
dx

Vf=y’ ;+(3xy2 +32);+3y%
The normal vector at (3, -1, —2)
(V/ sy =—i+(9-6) j=3k ==i+3j -3k
. . Vf
The unit normal vector to the surface fis ﬁ
_—i+3j-3k
J19

J.(yz+Z+zz)dx+(xz—l)dy+(xy+x+2xz)dz

Choice (B)

Letfix,y,z)=yz+z+2°
g(xayﬂz):xz_l

S, y)=x+2y

h(x, y,z) =xy +x + 2xz

y_._ o
dy ox
al=y+1+2z=a—h
0z ox
dg_ _oh
0z ady

The integral is independent of the path C.
The integral is exact differential
So there exists a function @

99

Such that —— = yz+z+2° - (1)
ox

gzxz—l - (2)

X 1
—:J-3y2.—dy+c:xy+x+2xz - (3)
y y

a—(1)=yz +z+72°

ox

Integrate wrt x.

O =xyz+xz+x22+ 0@, 2)
Diff wrt y

a_(l) =xz+¢'(y, 2)
dy

-

- )

Comparing (2) and (5)
0'0,2)=-1=0(,2)=y+R ()
O=xyz+xz+xz2>—y+R(2)

ydx — xdy

2

—(6)

=3ydy=xy+x+2xz+R\(2)

Comparing (3) and (6)
R'(z)=0
= R@)=k
o0 =xyz+xz+xZ-y+k
j (yz+z+zz)dx+(xz—1)dy+(xy+x+2xz)dz

(3.4.9)

= _[ a’(xyz+xz+xz2 —y)
(2.3.3)

=Xyz + Xz +x2* — y]gig

= 146 -39 = 107 Choice (B)

6. (ﬁ (x+2y)dx+x2ydy
C

gx,y)=x*y

6122 and g—g=2xy

dy X
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y
(3,3)

(0,0) (3,0)

By green’s theorem
q‘D (x+2y)dx+x’ydy = ” (2xy —2)dxdy
C

3 x

J J. 2xy —2)dydx

0

o

3
= nyz —2y]; dx
0
3
= _[(xS —2x)dx
0

=2 _9=""

4 3
by ) 81 45
-X
4
Choice (B)

7. Letfix,y,z)=x*+)*—49
Surface then

gradf:2x;+2yj
A grad f
|gradf| 2x*+y° 7

Consider the projection of S on the yz plane. It is a rec-
tangle with sides 7 and 5.

2x1+2y] 1

(xl+y])

gy Bz _dydz
n.i X
7

— A

F.nz(zzi+xy}+y2 %)(

x;+y; _x22 +xy2
7 7

”FndA _” xz’ +xy dydz

==

z=0 y=0 z=0

5

- [z
z=0

72 343 T _875 17152590
3 3 4 3 3 3

Choice (C)

8.

10.

GivenV:(Zx—y)f—yz2 =y zk
$V.dr=[[ VxV.nda
N

(By stoke’s theorem)

i ik

vxr=| 2 22
dx dy 0dz
2x—y -yz’ -y’z

= i(<2yz + 2y2) — j(0) +k (0— (-1)) =k
fx, v, z) =x*+ y* + 22 — 9 be the surface
grad f=2xi+2yj+2zk
~ grad f 2xi+2yj+2zk

|gradf| 2x*+y + 2

© xityj+zk
n=—-———

3
A _ " . e
(xz+y]+zk) z
vam Hgdxdy
R
=[5 <[ v
3

Area of circular region in x-y plane =9 Choice (D)

By using divergence theorem
[[rnaa=[[[aivrav
N v
;=2x;+3y}+z%
Div r=2+3+1=6 =[[divrav =[[[6av =6V
Vv V
J is the volume of the sphere

4
=6x 2X 4y =512n Choice (B)

Given F=2xyi+ )’ j+zk
Work done by the force is _[ Fdr

C
;=x;+y}+z%:>d;=dxi+dy;+dzz
Fdr= (2xyt_'+ y2}+ z%) . (dx;+ dy7+ dzz)
Fdr= 2xydx+y* dy+zdz
J F.d;:'|‘(2)cya’)c+y2 dy+zdz
C



11.

12.

13.

Convert x, y, z in parametric form
x=3cost,y=3sint,z=0

dx = -3sint dt, dy = 3cost dt

The limit of 7is 0 to m/2

kg

2
f F.dr=J 2.3cost.3 sint.(—3 sint)a’t+9sin2 t3cost dt
C 0

27sin* tcost dt

o t—yo |3

Choice (C)

3 14.

Sin’t 2 —
=272 } -2
3
0
3(xdy+ydx)=2xydy
x(3-2y)dy+3ydx=0
(3-2y)dy | 3dx _
y X
d
I[i—2de+3J‘—x= C,
v x
3 logy — 2y + 3 logx = logC
3 log(xy) — 2y =logC
Given whenx =1,y =1
= 2=logC
The required solution is 3 log(xy) —2y +2 = 0.
Choice (A)

0

d
dy:(9x+y71)2dxord—i}:(9x+y71)2 ....... (1)

Let9x+y—-1=u
dy _du

9+—
dx dx

d
& 9_ 2 (from 1)
dx

du du
—=u+9
dx ! or w+

=dx

du 1. (u
Ju2+9—de+c:> gTan (E):x+c
ie., ltan’1 (M):x+cor
3 3
3tan(3x +3c)=9x+y—1,whenx =0,y =1
|
gtan "0)=c=C=0

The required solution is 3 tan(3x) =9x + y — 1.
Choice (B)
xdy—ydx

cos’ (Z) dx
x x

Dividing both sides by x cosz(y ) , we have

X

15.
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dy—yd. d.
(wj s (z) _dx
X X X

d (tan (ZD = d(log x)
X

Integrating on both sides, we have

tan (Z) = logx + logc
x

tan (Z) = log(cx). Choice (A)
X

dy
——ytanx—cosx =0
dx

dy
= d——ytanx: cosx

X
C . dy
which is in the form of E+ Py=0

The integrating factor of above equation ¢! ?* = g7/t~

= I8 = cosy. Choice (A)
ﬂ _ e yz
dx
(> +y)dx —2xy dy =0

which is in the form of Mdx + Ndy =0
Here M =x*+y* N=-2xy

am

2xy

-2
= Here — =—2y+2y)=—
I 2xy( y+2y)=—

dy ox

which is a function of x alone say f(x) then the
Integrating factor (/. F) is

1(8M aN) -1

[—zdx

[reas _ S,

—2logx logx2 -2
2 =e 2

=X

Multiplying (1) by /1. F, we have

2
X X

2
[1+ Y jdx—z—ydy: 0 which is in the form of M dx +

Ndy=0
Solution is

J.m dx(taking y constant) +

J(terms of N not containing x) dy=C

= j(1+i}—z]dx+.[0dy
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Given whenx=1,y=1=C=0
2
The required solution is x Y —0orx2- ¥ =0.

X
Choice (B)
16. y dx=(x+3)%) dy
dx 33
—=x+
ory & X+ 3y
dx x L . Lo
or d_y_; = 3y?, which is a linear equation in y of the

17.

d 1
form —x+Px =Qhere P= ——and Q0 = 3y?
dy y

- idy 1

logy™
:egy = —

Yy
The solution isx . e'* = JQ.e. L dy

1 F= ejpdy =e

1
= =J3y2.—dy+c
y

i
y

Given whenx=1,y=1

1 3+ -1
= —+c = —
= 5 orc 2

2
The required solutions is Xo v 1
y 2 2

ie,2x=y(3)*-1)
Alternate solution:
Given

ydx =(x+3y’)dy
ydx—xdy = 3y’ dy
ydx — xdy

2

d(ij =3ydy
y

Integrating on both sides

)
y 2
2x=y(3y*+C)

Givenx=1;y=1
2=3+C =>C=-1

=3ydy

required solution is 2x =y (3> —1).  Choice (D)
3 2
d—);—S d )2}+ 7d—y—3y =e" sinhx
dx dx dx

ie., (D*—5D*+7D-3)y

. =2 5 3
a ef—e " e — e
= e =
2 2

18.

19.

20.

eSx _ elx

ie. (D~ 17 (D-3)y="—

5x e3x

Particular integral is z—l
(D-1)(D-3) 2

5
e’ 1 -

1

2(D-17(D-3) 2(D-17(D-3)
1

>

[

eSx 1 1 e}x

(5-17(5-3) 2(3-1) (D-3)

1 3x 1 S5x 3x .
= ——.x.e"=—|e" -8xe Choice (C
64[ ] ©

(D*+5D*)y=4
Auxiliary equation m*® + 5m* =0

m*(m+5)=0
= m=0,0,-5
C.Fis (C, +Cyx)e"+ Ce™=(C +Cx)+ Ce™
= 4"
P.1 D ( )

1 1 2
EESR ST A I
5D 5D’ 5
Complementary Solution y = C.F + P.J

2

y=C+Cx+C, e’5x+2% Choice (B)
(D*-2D+4)y=x*¢"
P.I= e =e" ! x?
(D*-2D+4) ~ (D+1)]-2(D+1)+4
X 1 2
D43
1 (. DY
= e 5 = —| 1+ x2
D 3 3
3| 1+ —

Choice (A)

(D*+D*+36D+52)y=0
Auxiliary equation of the above is m* + m? + 36m + 52
=0
By trail and error we notice m = -2, —2, are the roots
of the above

(m+2)(m*—4m+13)=0
The roots are m =2, -2, and 2 + 31

The solution is

y=(C, + Cx)e ™+ e* (C, cos3x + C, sin3x)

Choice (D)
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21. Let g(¢) = sin 3t = f{t) = g(¢) . (S g 8) g4+ 4=0
. 3
Now L[g(f)] = L:[sin 3] = 219 — ( ) —s_4
L _p _dZL LT (s4)_ (s—4)
0] = LIF20] = <= (LIg0) Y = o) a4 D)
£ (465)
~ds \ds\s*+9 YT 542
The laplace transform of the solution of (1) is
_d | _bs - I .
ds [(sz +9)2] y =Ly = TR Choice (D)
_ _6[(S2 +9)2'1_S'2(S2 +9)'2S} 24. We have to find L {g[ L1 H
- (¢ +) 2WNst st
—6[ s> +9-45" | NER N -L
T (#49) 2 :
s Ls
_ M Choice (B) I
(s +9) 3|2
22. Let /()= (P +3) u(t-2) 2 F(S) r(3)
LU @=L +3)u(t-2)] L2 A2
LI((t=2)+2)+3)u(t-2)] i 3 |
LIf@O]=L[(=27+4@1=2)+T)u (t—2)] - (1) 3 1 1
Letg ()=~ +4t+7 T 2031 1
S LlgM]=L[P+4t+T7]=L [ +4L[{]+TL[1] _EXE(\/E) 5(\/;)
Llg@]= =+ 4 s
EWIZ ST T 3| 12 __X\/;[4l 2}
Now from (1) T2 |3~/ - Jr |3
LIfOI=L[(t=27+40-2)+Tu-2)] Z\/E 5\/%
=L[g(t—2). U(t—2) - o
=L [g ()] e* (By second shifting theorem) = \/: x 3 [?—1}
T
= (%+iz+zj e, Choice (A) 7
§Ts s = \F 2t 3). Choice (A)
23. Given initial value problem is T 425 43)
e J . . s+ }
T2 -y=0 e (1y 25 Wehwel L2+4s+20
Where y(0) =1 and y'(0) = -2 2543
Applying laplace transform on both sides of (1) =4L m
d’y ,dy
L [7‘27‘@} =L10] o [2er2-243) T 2s+2)-1
7y ., B (s+2)°+4> | (s+2) +4°
N L[d } ZL[dy} 8L [y] = 2s+2) .
: [ﬁpy .
- 1 _ _ (s+2) +4 (s+2)" +4
= (y=9(0)-»"(0)-2 (sy—-3(0)) -8y =0 . |
Where y = L[] =8x e cosd4t—4 x 7 e sindt

= £y —sx1-(2)2sy +2x1-8y =0 = e [2cos4t — sindt]. Choice (C)
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