Gauss’s Divergence Theorem

Gauss’s Divergencev Theorem

Theorem: Let V be the volume bounded by a closed piecewise smooth, simple surface S oriented outward. If
F=f(xy,2)i +g(x Y,2)]+h(x,y,z)k,wheref,gand h have continuous first partial derivatives on
some open set containing V and if A is the outward unitnormalon S, then

n

Ljﬁ-ﬁdS:j\ﬂV-ﬁdV

S
Note : (i) Toapply Gauss Theorem volume V must be closed region.

(i) fF=fi+gj+ hk, then f, g, and h must continuous first partial derivation in V.

Note : () js [F-fds = J [divFaV,  outward unitnormalon
(i) [[F-(-Ads =] j [divEav, § inwerd unitnormal on's
- SjjﬁﬁdS:—mdivﬁdv
s y
(i) ISI fdydz + gdxdz + hdxdy = j J j V. EdV
o 1] Foosorgeospenoosyas = [[v-Fav.

where outer unitnormal i = cos of + cos ] +cosyk onS.

Where volume V is a closed region bounded by surfaces S, S,, S, ......... S,
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Ex.1: Let F = xi + yj+zk and Sisthe surface of sphere x> + y? + z° = a .Then find the flux throughS.
Soln.  We have,
F=xi+yj+zk
Since, X, y and z are having continuous first partial derivative. Therefore, we get,
ox oy oz

divF=V-F=—+2+==1+1+1=3
ox oy oz

Flux = ﬂ F-AdS
S
Since sphere is a closed volume so by the Gauss Theorem,

_U divFdv = _m 3dv = 3x volumeof sphereof radius = 3><%Tta3 =4ma’
vV \%

Ex.2: Let F = x% +z°k and S the surface of the box |x| <1,|y| < 3and 0 < z < 2. Thenevaluate ﬂ F -AdS ,where

A is inward unit normal on S.
Soln.  We have,
F=x4+2Kk=V.E = 2x+27
A, = —N (outward unit normal on S)
Therefore, by Gauss Theorem, (Since volume is closed)

”ﬁ.ﬁdszmv.ﬁdv = [[F-(=Ads)= [[[2(x+z)dxdydz

O
w'_"“’

- ? 231 2 3 1
= _[_[F -nds =- _[12(x+z)dxdydz =—2”jzdxdydz=—2_[zdzx_[dyxjdx — _Ax6x2=-48
0-3-1 0 -3 -1

Ex.3. Compute _U x*dydz + ydxdz + z°dxdy, where S is surface bounded by z = x? + y? and z =4
S

by Gauss Theorem and then directly solving the surface integral
Soln.  We have,

ﬂ x?dydz + y2dxdz + z2dxdy :jj(x2f+ y?]+2%k)-dS = J.J. F-AdS
S

- ~ o ~ z=
Here F =x% +y?j+z%k NS

= V-F=2x+2y+22=2(Xx+y+12)
By Gauss Theorem (since V is closed volume)

J.J.F ndS —J.J.J.V FdV = J.J. _[ 2(x+ y + z)dzdydx

R x2+y?

7 = X2+y2

X% +
- 2”[()( +Y)(A-x=y*)+ [8_ ( 2y bl B dxdy (R = Projecton on surface on xy-plane (x* + y? < 4))
R

62} 128
=—n
3

22ﬁ[r (cosO +sin0)(4—r )+{8r——Ddrd6 2Tj(8r——jdrd6 47{4r _{_2
Now, || F-fidS =[[ F-fids + [ F -fids
S S,

S
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Ex.4:

Soln.

2
A= M on'S, away from the axis of the cone
‘V(x +y —z)‘

2xi +2yj —k dxd
= XN R ang ds = 2XY = \J4x? +4y? +1 dxdy
A +4y? 1 ‘

>

w

A=kon

I

ds

>

2
2 42y° -2 dxdy = [[ (2C+2y°)didy— 20xd
szz_[yzq T2+4y (V4x* +4y? +1)dxdy H_[y_[q X3 + y xdy X+_[y_“qz xdy

_Z[T r*(cos®0+sin®0)drdo — _U (x* + y*)*dxdy
00

><+y <4

2n

=0- _[j'rsdrde =
00

32 _—64n -
3

and [[F-Ads= [[ F-kds
Sy

W4y <4

= [[16dxdy =16 x 47 = 64n

jsj E.fids = HF ndS+ﬁF nds_—%+64 _64n(331j 12;375

Evaluate ”(x +y?+2%)dS Where S: x?+y? + 72 =1, by Gauss Theorem and verify it by solving the
S

surface integral directly
We have ”(xz +y?+7%)dS = ” (X + Y] +2K)- (X1 +Y] +2K)dS = ” F-AdS
X2 +y?<1
Here, F = xi + yj + zk
fi=xi +yj +zk outward unitnormal onS

S V-F=1+1+1=3
Therefore, By Gauss Theorem.

ﬂﬁﬁds :IIIV~ Fav =III3dV = 3x volume of sphereof radiusl = 47
S \% \

Now, ”(x +y?+12°)dS = H (X*+y*+12 )d|c?y

X2 +y?<l

XC+y +1-x2—y° X2+ y? +1-x? y
= dxdy — dxdy
XZJ.)-’[Q \/1_ X2 - y2 X2 +y?<1 \/1 X

z>0 z<0

=2

1 B i i
le“;’[q\/]md)(dy _Zilﬁdl’de _(_—1]
0

.. Gauss theorem is varified
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Ex.5:

Soln.

Ex.6:

Soln.

a’x? +b?y? +c’z
Evaluate _U( 4y 2) dS, where Sisthe surface of a®x? +b?y? +¢?z2 =1, (a, b, ¢) >0 and verify
x* +b'y? +c'z
Gauss theorem.
a’x’ +b%y? +c’z? ~ a8 +b?Vi+c2k L
We have, _U J ds = ”XI +y)+zk- Y] —”F Ads

5 Ja'x?+b'y? +c'z? Jasx?+b'y +ciz?

R 205 LR L ~2q0 .
Here, F =xi +yj+zk, fi= a’xi +b7yj+C7ZK  ytward unit normal on’S.

\/a“xz +b?y® +c?z?

Since g has continuous partial derivative and V is closed. Then By Gauss Theorem,

J'J'F -AdS = mv Fdv = [[[3dV =3x volume of ellipsoid = 3x4;[ij[a(%)=%

2.2 2.,2 2,2 2.,2 2.,2 2,2
a‘x“+b°y“+c“z° dxd a‘x“+b°y +c°z
Now, ”F -Ads = [ L - ( J xdy
3 \Jatx2 +bty? +¢'z? ‘n-k‘ A ‘c z‘
a’x? +b?x? +¢?z? a’x? +b?x? +c?z?
- J'J' . dxdy + : dxdy
c’z —c’z
a?x%+b%y?<1 a?x?+b%y?<1
z>0 z<0

a’x> +b*x* +1- azxz—bzy2 a’x? +b*x® + ¢’z
- .U 2.2 axdy + ” 2,2 P2y 2 dxdy
a?x?+b?y?<1 \/1 a’x b a’x?+b%y?<1 |2 \/1—3. X" —b y
z>0 z<0 C

c

dXdy 2 1 dudv . P —= E = X
— , ut X = , =
a2><22+>béyzsl \/1—a.2X2 —b2y2 abC %% \/1—U2 _V2 uav a y b

X“+y°<1l

2
c

1

2n 1 1/2
2r dde_ —(1 r?)

abc”\/l_r abc (lj

B i
abc

2

0
.. Gauss theorem gets varified

Let F = xyi +yzj+xzk and S is surface bounded by 0<x <1, 0<y<1,0<z<1. Then evaluate

I I F - AidS and verifythe gauss theorem
S

We have,

F=xyi+yzj+xk = V-E=y+2z+X
Since Vis closed by S, then By Gauss Theorem,

HF fdS = ﬁ V- FdS = ”j(X+y+Z)d><dde

000

111 11
”J. xdxdydz +” ydydxdz + +
000 00

O ey
r\Jll—\
I\Jll—\
N |-
N | w
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Ex.7:

Soln.

Ex.8:

Soln.

Now, 'Uliﬁds:J'J'If~ﬁdS+J'J'|f~ﬁdS+Hlf~ﬁd8+J'J'If~ﬁd8+ﬂ'lf~ﬁd8+ﬂ'lf~ﬁds
S, S, S S, Ss Sg

= ] F”.(-f)d5+jj|f-(—j)d3+ﬂﬁ-(—|2)d3+jjﬁ-(f)d3+ﬂﬁ-(j)d3+jjﬁ-(l2)ds

x=0plane

(Be carefull  is outward normal on each surface).
= [[ (y2)3- (=ydydz + [[ (x2)k - (=Tydxdz + [[ (xy)i - (-K)axdly + [[ (yi + yzj + 2K) - (V) dydlz
x=0 y=0 z=0 x=1

+ J.J. (Xi +2j + leZ) -(J)dxdz + J.J. (xyl +Yj + XIZ) -dxdy
y=1 z=1

11 11 11 1 1 1 3
= O+O+O+6“J‘Oydydz+6”02dydz+'!joxdxdy :E+E+E:§

Thus, Gauss Theorem is varified
Application:

Suppose (asin previousexample) S =S, U S, U S, U S, U S, and we evaluate J' J' F -AdS, where A unitnor-
S

malto S,

Ifwe include S;surfacei.e. o =S U S ,then region defined by o isa closed volume and we can apply Gauss
Theorem,

Therefore, J;J'ﬁﬁdS:wVIfdv N Ljﬁ.ﬁd3+gﬁ.ﬁd3:§

~ 1 3 = X 3 1
N LjF-ndS+§=§:>J;_|.F-nd8=§—§=1

If Sis the surface of the sphere x* + y* + z® =1, then the value of the integral

_U (axdy dz + by dz dx + cz dxdy) is
S

(@ z(a+b+c) (b) %(a +h+c) © %ﬂ(a o ¢) | L(d) %ﬂabc [B.H.U.-2011, 2014]
We have, x* +y? +7° =1

_U ax dydz + by dzdx +cz dxdy = J.J.(axiA +hyj + czIZ) -dS

Ssince Sisclosed surface then By Gasuss Divergence Theorem,

:J'J'J'V-(axf+by]+czI2)dV = [[[(a+b+c)dV = (a+ Db +c) x volume ofsphere:gn(a+b+c)

If Sisany closed surface enclosingavolumeVand F = xi +2yj + 3zk , then J'J'S F-AdS is
(@)2v (b) 3V (c)4av (d)6v [B.H.U.-2012]
We have,

F=xi+yj+2ZK =V-F=1+1+2=4
Therefore, Since S is closed surface then by Gauss Divergence Theorem,

[[F-fds = [[[v-Fav = [[[4av = av
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Ex.9.

Soln.

Ex.10:

Soln.

Ex.11:

Soln.

Ex.12:

Soln.

The value of _U (xdydz + ydzdx + zdxdy), where Sis the surface of the sphere x* + y? + 72 =a? is
S

@ 2ra® (b) 4ra® (©) 4ra® (d) 2ra [ISM-2017]
Since Sis a closed surface then by Gauss divergence theorem,

J.J. X dydz + y dzdx + z dxdy :J.J.(xiA+ y] + le) -dS
S S

- J'J'J'V(xh vj+ zlz)dv = IﬂBdV = 3x volume of sphere = 3x%ﬁa3 — 4na’

Let S be the surface of the cylinder x* + y* = 4 bounded bythe planes z =0 and z =1. Then the surface
integral [ [ (0" =) —2xyj + zk) - Ad$ [HCU-2012]
(@ -1 ()N (1 (d) None of (a), (b), (c)

We have, F =(x2—x)| —2Xy]+ 7K = V-F =2x-1-2x+1=0
Since S be closed surface then by Gauss Divergence Theorem,

_[j((xz —X)i = 2xyj + le)-ﬁdS =va- Fdv = [[foav =0

Let S be the sphere with center at the origin and radius 1. Let f is a vector field given by

A

F(x,y,2) = (z—-2xy2)i +9x2yz? ] + (yz2 —3x°z%)k . If A is the outward normal then, the value of
g f-ndS = [H.C.U.-2013]

4 :
@ o ®) 5 © = @ 5
We have,

~

X +y2+22=1and f =(z-2xyz)i +9x2yzzi+(yzz—3x223)lz

= V-F=-27y+9x*2% + 2yz-9x*2* =0 .'.ij-ﬁdS:jjj?-de =0
S \

Let f = f,(x,y,2), f,(x,y,2)) be solenoidal field where f,, f, are scalar valued functions. Let S be

the unit sphere in R* and A be unit outward normal. Then jxf_-ﬁdS = [H.C.U.-2011]
S

@ o (b) = () 4n/3 (d) 4n

We have,

Since f issolenoidal, thenv.f =0

ThereforeV-xf =xV- f + f -V(x) =0+( f,, f;)-(1,0,0) =1
Since Sisa closed surface then by Gauss divergence Theorem,

J.J. xf - AdS =IIIV-(XF)dV -~ Iﬂdv = \Wolume of sphere of radius 1=4—;

Since S is closed surface then by Gauss divergence Theorem,

_[jf-ﬁdszmv-fdv :J‘Ho dVv =0
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Ex.13:

Soln.

Ex.14:

Soln.

Ex.15:

Soln.

Ex.16:

Soln.

Let B be the unit sphere in R°. The value of [[(x*+2y*~32°)ds is [H.C.U.-2014]
B
4
@ 4r (9)] En (©) 61 (d) none of the above
We have, x*+y*+2% =1
iz YO _ Xi + ) +zk
Vel

(x2 +2y? —322)dS :(x]+2y]—3zlz)-(xf+ y]+zlz)d8 :(x]+2y]—3z|2)-ﬁd8

Let f =xi+2yj—-3zk =>V-f=1+2-3=0
Since Sisaclosed surface, .. by Gauss divergence theorem,

Lj(x2+2y2—3zz)ds =Ljf.ﬁds=mv. fav =[[Joav -0

Let \ be the region which is common to the solid sphere x* + y? + z* <1 and the solid cylinder x* + y* <0.5.
Let oV be the boundary of V and f be the unit outward normal drawn at the boundary. Let
F=(y?+29)i +(2° - 2x%) ] + (x* + 2y?)k . Then the value of H F.AdS isequalto [H.C.U.-2016]
@ 0 (b) 1 (©-1 i d)

F=(y"+2°)i+(2° -2x*) j+ (X’ +2y2)I2 —~VFE=0+0+0=0

Since gV isaclosed surface so by Gauss Divergence Theorem,

glf.ﬁdszm'v. fav = [[Joav =0

The value of the surface integral J.J' F -AidS, where S is the surface of the sphere x? + y>+z2=4,nis
the unit outward normal and £ =xi + yj + zk, is [GATE-1999]
(@ 32n (b) 16m (c) 8= (d) 64n

We have, F = xi + y]+zl€ = V-F=1+1+1=3
Since Sisa closed surface .. bythe Gauss Divergence theorem

_U F-AdS = jjjv- FaV = _deV =3 x volume of the sphere of radius 2 = 3><4?n><8 =32n

S

Let V be the volume of a region bounded by a smooth closed surface S. Let r denote the position vector

and n denote the outward unit normal to S. Then the integral _U r-f dsS equals. [GATE-2002]
\%

@ Vv ®) 3 (©) 3V (d) o

We have,

F=xi+yj+zk = V.-F=1+1+1=3
Since Sis a closed surface. So by Gauss Divergence Theorem

s~ o~ =
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Ex.17: Let Bz{(X.y,Z)| X,¥,zeRand x* + y? + z° 34} Let V(X,y,z):xf+ yj+ 7k be a vector- valued

Soln.

function on B. If r? = x* + y? + 22, the value of the integral J'J'J'V-(rzv(x, Y, z))dV is [GATE-2003]
B

(@ 16mn (b) 32n (c) 64n (d) 128n
We have,

Vo Xi + y] +7k

¢ 2

Sisaclosed surface. So by the Gauss Divergence Theorem,

I!IV.((rZV))dV =grz\,,ﬁds [P0 i+ zﬁ).%?z'z)ds

d=X+y +22—4= V=2xi +2y]+22k, =

(x? +y +2%)* dxdy

ﬂwds ]

ik
—_U(X +y*+2 )2 —2”(x +y2+17%) xdy
dxdy
=2[| (X +y? +4- X -y ) ——
IJ- ’4_X2_y2
dXd 21 2
=32j‘[ 2y - 232‘.“.‘ rdrde
4-x -y 00 4—r2
2
2 2\1/2
2rdr —(4-r
:32nj = =32 x % =32ntx2x2=128x
e
2 0
Alternative solution
We have,
V-(rv) =r’v-v+v-vr® =3r® +2r* =5r?
Therefore,

2n

[[[v-(vav =[[[5r’av =5£IEr2~rzsinwrdwe=5TdexIsin¢d¢xir2dr =5x2nx2x%:128n

Ex.18: Let S be the surface bounding the region x*+y?* <1, x>0, |z| <land 7 tbe the unit outer normal to S.

Soln.

Then [ [(sinz x)i+2yj—z(L+sin 2x)|2]-ﬁds equals [GATE-2004]
@ 1 ®) 5 © @ 2n
We have,

F =sin®xi +2yj—z(L+sin2x)k = V.E =sin2x+2—1-sin2x=1
Since Sisa closed surface. So by Gauss divergence Theorem,

nx1x2

{I[(sinzx)f+2y]—z(1+sin2x)12]-ﬁds=Mv-ﬁdv ~[lirav =[[fav =22




Gauss’s Divergence Theorem 105

Ex.19. Let W ={(X,y,z)eR3 <X +y 4+ 128 34} and F-W — R® be defined by

_ (xy2)
F(xy.2)= [Xz+yz+zz]3/2 for (x,y,2)eW. If sw denotes the boundary of W oriented by the
outward nomal n to W, then _U F-ndS is equal to [GATE-2008]
ow
@ 0 (b) 4 ©) 87 (d) 127
Soln. We have,
=~ (x,y,2) r
F(X,y,2)=———2"F —=—
( y ) (X2+y2+22)3/2 r.3
r zi_ixi.rzi_izo

= V.FZV.F r3 r4 r r3 r3

Since F is differentiable inWand oW is a closed surface. So by Gauss divergence Theorem.
[[F-Ads = [[[v-Fdv = [[fodv =0
oW w

Ex.20. The flux of the vector field g = xi + yj + zk flowing out through the surface of the ellipsoid

X2 y2 22
?+F+C_2:1’ a>b>0is [GATE-2012]
(@ mabc (b) 2rabc (¢) 3rabc (d) 4rabc
Soln. We have,

G=xi+yj+2k = V-Gi=1+1+1=3
Therefore,

Flux = ﬂﬁ~d§

S

Since Sis aclosed surface. So by Gauss Divergence Theorem,

Flux = [[[v-ddv =3[[f dv =3xvolumeof ellipsoid =3x4§abc = 4mabc
\

Ex.21: Consider the unit sphere S ={(x,y,z)e R®:x* +y*+2° =1} and the unit normal vector i=(x,y,z) at

each point (X, Y, z) on S. The value of the surface integral [GATE-2015]

”{(ﬁ+sin(y2)jx+(ez —ij+(£+sin2 sz}dc is equal to
S T T T -
Soln.  Wehave, ¢ = x2+y2+zz—1,ﬁ=%=xf+y]+zlz
J‘J‘{[ﬁ+sin(y2)jx+(eZ —1)y+(£+sin2 y)z}ds
S T T T
o2
T T T




Vector Calculus 106‘

Ex.24:

Soln.

Ex.25:

Soln.

Let F :[ﬁﬁin yzjf+(ez —XJ ]+(£+sin2 y)lz
T Y T

. y.g=2.1,2.3
T T T W

Since Sis aclosed surface, so by Gauss Divergence Theorem,

(s iy ] s = o= [ v

T

=§><Volumeof sphere of radius 1 =§><4—TE =4
T T 3

Let S be the surface of the solid V ={(x,y,2):0<x<1,0<y<2,0<z<3} Let {4 denote the unit

outward normal to S and let F (x,y,z)=xi +yj+zK, (X, y,z)eV Then the surface integral

j j F-A dS equal . [GATE-2018]

We have, F = xi + y]+ K= V.F=1+1+1=3
Since S is closed surface, so by Gauss Divergence Theorem,
ﬂ F-AdS :IIIV~ Fdv =j”3dV = 3x volume of the cuboid =3x1x2x3=18

S

Consider the hemisphere x* + y* +(z - 2)2 =9, 2< z <5 and the vector field

F(xy,2)=xi+yj+(z— 2)I2 . Thensurface ingegral ﬁ( F- ﬁ) do evaluated over the hemisphere with
denoting the unit outward normal, is [GATE-2006]
@ 9n (b) 27x (©) 54rn (d) 162

We have, F = xi +yj+(z—2)k, F=xi+y] atz=2= V.F=1+1+1=3

Therefore,

[[ F-ads + [[ (xF + yj) - (=k)ds = [[[ v~ Fav

= [[F-fids+[[(d +yi).(k)ds =3[[[ av p o Xi+yi+(=2k
S

()
< (0023

= H F - AdS =3xvolumeof the hemisphere

4n

X

=3x -27 =547
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EXERCISE

1.

10.

11.

12.

Let E = xi +2y] +3zk, S be the surface of the sphere x* + y? + z2 =1 and A be the inward unit normal

vector to S. Then gSIf -Ads is equal to
S

Let S be a closed surface for which ” r -ndS =1. Then the volume enclosed by the surface is
S

The value of integral 95 E.AdS, where F =3xi +2yj +zK and S is the closed surface, given by the planes
S

x=0,x=1y=0,y=2,z=0and z=3 is

For any closed surface S, the surface integral gScurI F -AdS is equal to

F = (2x+52)i — (X2 +y) ] +(y? +22)k, then value of integral 95 F .Aids where S is the surface of sphere
5]

having centre at (2, 3, 1) and radius a is equal to

If S be any closed surface enclosing a volume V and F = 2xi +3yj + 72k . Then, the value of surface

integral gﬁlf -AdS is equal to

If F=v¢ and V°¢=0, show that for a closed surfaces 954)!5 -ndS = _[ F2dv .
\%

Verify divergence theorem for F = 4xzi — y? ] + 4zk taken over the cube bounded by
x=0,y=0,z=0,x=a,y=a,z=a.

Suppose A=6zi +(2x+ ) j — xk . Evaluate J'J' A-AdS over the entire surface S of the region bounded
S

by the cylinder x*+2z°=9, x=0, y=0, z=0, and y=8.

Evaluate ”F-ﬁds over.
S

(@) the surface S of the unit cube bounded by the coordinate planes and the planes x =1, y=1, z=1;
(b) the surface of a sphere of radius a with center at (0, 0, 0).

Suppose A = 4xzi + xyz? ] +3zk . Evaluate ” A-AdS over the entire surface of the region above the xy-
S

plane bounded by the cone z? = x* + y* and the plane z=4.
Suppose F = (2x* —3z)i — 2xy]j — 4xk . Evaluate

@) mv-ﬁdv and (b) _mVx FdV , where V is the closed region bounded by the planes
\% \%

Xx=0,y=0,z=0, and 2x+2y+z=4.
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13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Verify the divergence theorem for A= 2x?yi — y?] +4xz?k taken over the region in the first octant bounded

by y?+2z>=9 and X=2.

Evaluate ” f-ndS where (a) S is the sphere of radius 2 with center at (0, 0, 0)
S

(b) S is the surface of the cube bounded by x=-1,y=-1,z=-1 x=1y=12z=1
(c) S is the surface bounded by the paraboloid z =4 — (x* + y*) and the xy-plane.
Suppose S is any closed surface enclosing a volume V and A= axf+by]+cz|2. Prove that

_UA-ﬁdS =(a+b+c)V.

S

Let F — x% — 72k and Sthe surface of the box | x| <1,|y| <3and 0< z < 2. Then evaluate the surface inte-
gral _UIE -AdS

Let F = e*i +e’ ] + e’k andSthesurface of cube |x| <1, |y| 1, |z| < 1. Thenfind the flux through surface of cube.
Let F = (x* - y®)i +(y*—2%) ]+ (z* = x*)k and Sthe surface of sphere x? + y? + z% < 25,z > 0. Then fined

upward flux through partof x2+y? +z> = 25.

Let F =sin yi +cosx] +coszk and S the surface bounded by x? + y? = 4,z = +2. Then evaluate ﬂ F-AdS
S

Let F =2x%4 +% y?] +sin nzk and S to the surface of tetrhedron with vertices (0, 0, 0), (1,0,0),(0,1,0)
(0,0, 1). Then evaluate ” F-AdS
S

LetF = x2 + yj + z’k and S be the surface of cone x?+y? <7?,0<z<h. Thenevaluate ﬂ F-fidS
S

Let F = xyi + yzj + xzk and S is the surface of the cone x2 + y2 <472,0< z < 2. Thenfind the value flux
through S.
Let F = (x? +y)i +2%] + (e’ — z)k and S is the surface of the rectangular solid bounded by the co-ordinate

planes and the planes x =3, y = 1 and z = 2. Then find the flux of g across the surface S with outward
oriantation

Evaluate ﬂ (xz° —yx* + y°z)dS ,where S iis surface of sphere x* + y* + 72 = a’
S

Evaluate ﬂ (Xx=2)x+(y—X)y)dS where S is the surface of cylinder of x? + y? =1betweenz=0to z=1.
S

Let E = (x—2)i +(y —x) ] +(z - y)k and S is the surface of the cylindrical solid bounded by x2 + y? = a?,
z=0and z= 1. Then find the flux across the surface S with outward orientation
Let F = x% +y*] +z%and S by the surface of the cylindrical solid bounded by x? + y? =4,z =0and

7 = 3. Then evaluate ﬂ F -AdS
S
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28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

IFE(x,y,2)=(x*—e")i +(y®+sinz)]+z° - xy)k, where cis the surface of the solid bounded by
7 =+/4—x? — y? and the xy-plane, then find outward flux of g across c.

IFE(x,y,2) = 2x2zi +y?] + z°k where o isthe surface of the conical solid bounded by z = ,/x2 + y? andz=
1,then find outward flux of £ across c.
IFE(x,,2) = X% +x°yj + xyk; o isthe surface of the solid bounded by z =4 —x? y+z=5,z=0,and y=

0, then find outward flux of g across .
Prove that from Q. 31to 35

jjcurllf~ﬁd8:0

jjvrﬁdszjyvzfdv (sz :f;z +§y£ ﬁ@?}

ﬂ(ng)-ﬁdS =m(fvzg +VF -Vg)dV

G G

jj(ng-gi).ﬁds =m(fv2g—gv2f )dv

_U(f n).vds = _me -vdV  (vVafixed vector)

o G

Find all positive values ofk suchthat F (r) = ——

I
Let F = (y—x)i +(z-Y)]+(y—x)k and D : The cube bounded bythe planes x = +1,y =+1,and z = +1.
Then find the outward flux g across the boundary of the region D.
Let F = yi + xyj — zk ,and D ; The region inside the solid cylinder x? + y? < 4 between the plane z =0 and
the paraboloid z = x* + y* Then find the outward flux £ across the boundary of the region D.
Let F = x% — 2xy]j + 3xzk and D : The region cut from the first octant by the sphere x? + y? + 72 = 4,Then
find the outward flux g across the boundary of the region D.
Let F = 2xzi — xyj — z%k and D: The wedge cut from the first octant by the plane y + z= 4 and the elliptical
cylinder 4x?+y?= 16. Then find the outward flux g across the boundary of the region D.
Let F = \/x®+y? + 27 (xi +yj+zk)and D : Theregion 1< x? + y? + 2% < 2. Then find the outward flux &
across the boundary of the region D.
Let F = (5x% +12xy?)i + (y* +e”sin z) j + (52° +e’ cos z)k and D: The solid region between the sphere x*
+y?+z2=1andx?+y?+ 7> = 2. Then find the outward flux g across the boundary of the region D.
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