9

| Jacobians

bian of Functions of
, Jacobian S of Two Ingde ,
ition : ' . pendent Vari i
. Deﬁmtlo; I]:}lll and v be the differentigpje functio al'l.'flbles |
jariables X anay; then the determingny - * ns of two independent

ou ou
ax  Jy
» |
s ax dy
is called the Jacobian of u and v wi

(%) orJ(i, v).

a(x,}’) . R L

2. Jacobian of Functions of Three Independent Variables
Definition : If u,v and w be the differentiable functions of three

independent variables x,y and z, then the determinant

u ou ou
ox dy oz
v oW w
ax dy oz
w W I
ox 9y oz
is called the Jacobian of u, v and w with respect 10X,y qnd z. It is denoted by

au, v, w)

30,7,7) orJ(u,v, w).

- 3. Jacobian of Functions
Definition : If 11, U2, U3, - .

’ . rinant

independent variables Xy, Xz - %r then the de“(; i

guy dw B 2

';3;-1- axz 0x3 Xn

ouy Oouz 02 %
1 ox2 X g

of n Independent Variables
u, be the differentiable functions of n

0X3 O

oity O
.  ox2

th respect to x and y. It is denoted by
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186 | RP Dtﬁ'erentml Calculus |
u, with respect to the v ariable N

is called Jacobian of t1, U5 = oxy
[ . ted b ) 2 "’, i
It is denoted by ffi‘llf'—z—-—“) o7 Gy s oy, A
(xth’ ¢
S
on Jacoblan 3
4. Some Theorems5 " are functions OfJC1, e Bt
Theorem 1. If 1, U - : f"'lcti%
X1y X2y eevy Xn ofthﬂfarm % v
Uq = fl(x1)
Us = fZ(xb xz)
=f (xhxb ) '
- O(u, Uz, - » Un) — g .aﬁ% .‘?.lfi .‘?ﬂ‘,
then ' 33, X2, - o Xn) dxx dxs axs  Ax,
" Proof : We know that ‘ . |
d ox; dx3 U ax,
ou, du, odu, ou,
a(ul: Uzy reny un) il ax; dx; dx3 o ox, |
a(xhxb "“;xn) : b ke (1)
ou, du, ou,  du, :
0x1 aX2 GX3 ' Bx,,
Since s is a function of x; only, therefore ,
| ouy ouy au,
r—— 5 O, — 0’ . o= O
axz a‘rJ axn '
Also uz is a function of x1 and xz, hence only ‘;_;‘E and %223 will exst
The rest will be zero, - 1 ‘
ie., duy (7112 o ous |
; axS = 03'&:-”--0, ""’-5.;7: = (.
o aus [

Again, sin
g Ce u3 is a function of xy, X and X3, thereforc 5’; r
will exist and the rest will be zero,
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ou, ou, ou,,

veoey

0x 6xz 6x n

is a function of x, X2, oo X, thercfore ol

ol

" t' ‘ » : .
i ?S:ﬁﬁg these values in (1), we get

ouy )
-— 0 0 .. 0

axy i
duy ou i
ax 2 0 000 O Z
)2} i i

A

!

a(ul, Uz U3, ooy un) _ | Ous ous  du,
6(x1,x2, ...,x,,) N -(E a_xz- -6‘;; o

o, du, ou, ou,
ox; ax, dx; 0 ax,
Expaﬂding the determinant in terms of first row, we get

- AUy o t) Oy By By Oy Al

(X1, X2y ey Xn) T o an b

, ILLUSTRATIVE EXAMPLES e 1
ample 1.Ifx=u 1+ v) and y = v (1 + u), then find the value of ;j;?

A,y | ¥ 4

ou ov :
=(1+u)(1+v)...uv=1+ll+V+UV"UV :

=14+utV.

Example 2. If x = rsinfcos ¢y
show that

Ex i
Solution : We have given X = U (1 +v)andy =v(1+u)
.1 =1+ L4 ,QZ_V’_QX_l_,_u | H

u v |+ y) U

Ay - z (1 +1) |

= rsinfsing, 2 = rcos 6 then

a (xf y’ —2 ..a‘in 6- 2002 05)
Purvan(:hal ’
a () ) 6’ ¢ ) d (

Solution : Here given that
x=rsinfcos@, Y

_ sinfsing, z =rcos?
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188 | RPDiﬁ'ére}ztidl Calculus
B S
il sin 6 cos ¢
gg = rcos 0 cos ¢, % = *’511195‘."‘?’5,2. = Snfsing

g%’- = ;-rcosgsin¢, % =fSin6COS¢

0z 9z .9 2 _

Aand : E—cose,-—g——rsme,—a .
R
or 90 09

RIS N
o(r,6,¢) |or 00 03¢
dz dz 0z
o 98 3
|sinfcos¢p rcos@cos¢p —rsin@sing| .
= |sinfsing rcosOsing rsinfcosg

cos 6 -rsin@ 0
- [sinBcosg| |rcosOcosg) |~ sing
=rsin6 [sinBsing | |rcos sin ¢ COs ¢p
cos6 —rsin@ 0

= rsin 6 {sin 8 cos ¢ (r sin 9 cos ¢)
=~ rcosé cos¢ (- cos ¢ cos 6)
~ sin ¢ (— r sin’® @ sin ¢ ~ r cos Bsm¢)}
—-rsm@{rsm 0 cos” ¢ + r cos® 8 cos’ ¢
+ rsin’ ¢ (sin’ 6 + cos 26)}
= rsinf {rcos’ ¢ (sin®@ + cos’ ) +rsin’ ¢}
= r*sin @ {cos’ ¢ + sin 29} i
= r sin 6. \
Example ST ézcosha cos ,3 y=a smha sin 8

96y) _
then show that e B) —é- {cosh 2a — cos 26].

(Agra 2005; Rohilkhand 2004)
B o ar | |
0y) _ |9 3B
0@h) " | @
‘ |0 ?‘)%'

Differentiate partially with respect to @ and B from the equations

(D)

Solution ;
N

il
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FE aCoshacosg ) | . !

Ty i g sy i
Aot Lo
ey ¥ gf;; = gsinha cosg, & o | ;x
; - | W* ~a cosh a sin 8

s \ ‘ -
BT a cosh sm,@ md B = asmhacosﬂ ,
pytting in @) SRS , | ,,
axy) y) _ lasintha cog /3 =8 cosh o sin g I

(e, @ P) |acosha SinB g ok a cos 8 l

= @ (smh @ cos’ B + cosh asin’ ) Ili

=a {(cmh a—1) cos "B + cosh? a(l- cosz,B)}‘ ',

= lmSh a cos” ﬂ ~ cos* B + cosh? @ — cosh?a ¢052p] [

= affcosh® a — cos ‘6] l,l

: az E ‘ | i l:f

=7 [cpshZa + 11~ cos 20] “i

L, : il

q raeit il

=i [cosh 2a — cos 28], i

gxample 4. Fiﬁd the jacobian J = 0 (x Xl—zl given  that

¢ (7,6, ﬁb) _ b

o ) \/ 2 (e, z v ‘ }{

y=reosfcosp,y = rsm@ V] —misuig,z = am(/r 1—n’sin’0, i
25 e . :5;1
wherem” 4" =1 i
smumm Squarlny the &mm cquatnon and a (.cic‘mg, we have i
x~+y-r;: =/ cos’ B cost @ + 7 sin 201 —m’ smqb; |

+ P sin* ¢ (1 — ' sin” 6)

= 7 eost B cost ¢ + Agin8 + » sin’ ¢

w P () sin’ 0 sin’ ¢

= Fcos Geos ¢ + Fein’ 8 + Fsin’ ¢ ~ r siniﬂ sin’ ¢

| "—'—'r COos 960\(}54‘7‘253594'! sin g/)(l—-siu())

=/ cost O cos’ ¢ + A sin’ 6+ 7 sint ¢ cos™ 0

3(:05 8(cos ¢+sm L) + P sin’ 0 I

M
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100 | RP Differential Calculus

: Differentiating the equationx® + y* + z* = * w.r.t 7,6, ¢ re
it is clear that smqi"ely
Yor Yo i
o oy , . 0z _ .
*55tyog t29e =0 (A
ax dy 0z, _ A
xw+yw+zw—0
X ox ox
o 00 d¢
oxy,2) _ |9 oy oy
Now, = 2L =
'T30,0,) " |or 0 9
N P
or 00 0¢
% x
or *30 *3g
=LY ey gy
xz Yor Y90 Yag
& oz o
“or 96 *og
By transformation Ry = R, + R, + R», we have
_ ro0 0
0yz) _ 1 |yt o oy
22} y |
00,0,6) gz | 70 Vg
1
ar <00 %3¢
~L(Y 0z o o
x (69 a¢_"$'a¢')
=Z | rcosoV i
x || cos (I-m sin ¢)rcos¢‘/(1—nzsin26

3 | 2 . N i s b
_ Isn6m’sin ¢ cos ¢ r sin ¢ n* sin 8 cosf]

Vi sin® ¢

p——

V1- n’sin’0

P —misi
— I cos8cos g [(1—m sin® ¢)(1 — p? sin? 0) — 2 sin 0 sin’ ¢]

r cos 6 cos ¢

P (1 —m’sin’p — p? sin’ 9)
X N e
(1 = m?sin? ?)(1 - n?sin? 6)

V- mtsinig) Vg — g

29)
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5.Ifx = rcos 6,y = rsin 6, then ﬁﬁd the values of

i g artple .
? 0(r,0) " ax,y)’ (Agra 2006)
{ golution ? We have given
CRe X = I‘CbsB,y = rsine
. o g |
B | a(x,z) = |9 90| _ |cos® —rsin6
No orn6) |9 8| [sin6 rcosd
- lor 06
= r(cos’ 6 + sin’6) = r.
Sincex=rcost9,y=rsin9 :
wr= maﬂdé’ = tan"'2
£ x
o __ 2 _xor _y
8 _ 1 - — sin @
ox _—7 _12] =_7y—= =
1+ \ % ’
X
g_@___ cos 6
ay r
: or or
L2 cos@ sinf
a(r,0) _ |ox ady| = .
i m, 9 )| _snrxe corsB ®
ox 9y
EXERCISE 9 (A)
a(u,v)

L Ifu=ax +by,y=cx + @&, then find the value of J = 35y)

2, If yy = sinxy, y2 = cosx; sinxz, and ys = COSXL cos Xz, sinxs, then
show t hat :
3
J 1, Y y3) = €08 X1 cOS” X COS X3.
— sin B sin 6 c08 03, ..y Xn = sin 6y

3, Ifx; = cos By, x2 = sin 61 €os 6, X3

sin @, ... cos 6,, then prove that |
a(xl’xZ, X3y ooy x") = (— 1)" sin" 91 Sin" - 192 oro sin 6,,.

4 (8, 02 63 - 6,) . o
4. Ifx = rcos 6 cos ¢,y =TI €OS g sin @,z = r sin 6, then show that
_‘29_"_&5)— = =7 oS 9
3(r, 6, %)
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—
5¢ Ify = qme\r 1= sm t,y. = cos @ COS¢, then Prove

—c)cos 8 +c ¢
0(\- )‘) §|n¢ .(1-— ﬁ_.—)—-—__—__—_—M i
g(g ¢) -C sm ¢ :
= n 6, cos 6, : i
6. If = rsin0,sinfz. )2 rsi ) y; = e
V4 :lr cos 6 cos s, then ﬁnd the valuc of r Cog 01 :
’ 0(}'1’)’2,,)’3:)’4) ‘ » “6%

(rs 01) ()2’ 1)

(Hint:y? + y? +y + y? = r', and solved parallcl 10 Cxan

7. Ifu-3x+2y-—ll’=‘-' y+zw——;\(x+2y__z) hcﬁch”
0, v, W) _ o , e X g ""that
¢, y,Z) o | |

2% iy
8. = = ,th find the Value of 2
Ifu 2(,\ en a(x y)
_Xaxs l‘i?fl %1% hrove that
9. Ify1 = X1 ,lyz = 5 ,y3 X1 )p
r 0;1,})2’ y3) = (Ag,ra 2008 Rohllkhand 2
10. If x=u(1—u)andy=v(1 - ”), find the Jacobian of , ")
respect tou, v. (Kanpufzoolh
1. fu=1~-x,v=x(1—y)andw =xy (1 — Z), prove that J
| 5‘_(____1 i

k- ~ ANSWERS
1. ad — be 6. J = 1*sinf, cos 6 8. —y/2

10.1 +u+v

S. Jacobian of Function of Functions
Theorem 2. If Lt el Junctions of y1,y: and Y1, Y2 are functions of
X1, then

a(ul, U) a(u,, i) (s, ya)

ok Oy ) 3(xi,x2)'
oy 6”1 6y1 Uy 0y,
oy o ayz‘ax1
Ouy  duy 8y, + oy 9y
dr, dy, A, Ay, A
oy _ Oup Ay, By
o Gy awy oy, or

Proof

il
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i 6u2_‘ a}’1 6u2 6y2
g P g ay, %, 9, o,
kA7 6u
0(“1"‘2) 0()'1,y2) ay: 3;1 %’i‘l% 7
\%NOW | a(yl,)’z) 6(x1,x2) ou, auzz : 6y: g; '
_;f?yx , ax, ar,
aylial.*.. @z'-a?z -a_ui% %'g&
% u, 1 0y ox, dy, dn
= oy, 3y, uy)
N k] 9y - 0(xy,x5)
' 6x1.6x2 ; ) inibo ¢
1‘]1201‘8“1 3 If Uy, U, U3 are fumtwns of y,, y,, }’3, and )’1, V2,5 are
ot of 1,2, s then. |
(U1, U, us) a(ul, U, Us)  3(yy, y2y3)
- 0(x1, X2, X3) 31 Y2, Y3) 001, Xz, X3)"
(Kumaun 2003)
Pmof u1, u» and u3 are functions of y, y» and y3. Also yy, y, ys are
nctions of x1, %2 and X3,
* Hence, we get . |
| oy _ duy Ay . Ouy dy; | Ouy dys
ox, ay ax, oy an oy o :
3 0uy Oy
T2 o |
Ouy Oy Oy Oy 92 ;"_‘iz »
-5}-2"“‘53,'1' 6‘.12 5’)’2 axz }5}’3 '&3 :
‘ Uy ay, :
< ouy duy _5_}'_5
,Swad;y’ @ o oo o ity BY;
ouy %QLQ:E%%L*';’E” ay; 5};
oy aglan gyi ,}yz T ouy s
ou; Juty 0Yi ?ﬂ-‘:— E"ﬁi?—i and.é;:: . dys a
T
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o4 | RP Differential Calculus

Now.copsxder au: %_q_z_g_ [ % gy\,
| ' 5;1' dy, s gxx gyxz Ox,

ouy 02| o | D2 %
1 ’
0V YnYs) a(x,,xz,xa) ouy Ouy s s B ug
'5},'; dy, s 0x; ox, ax,
5 O i Oy gy,

2o e oy an Ty, x,
a5 9 Bi o Uy gy
dy; oxy i Oy, ax,
zalla : 26u3 i z-ailﬂ

y ax1 a})l axz ayi ax;,

Puttingy the valties of each element of the determinant from the aboy,

s \

- relations, we get

, uy Ouy Uy
1o Lelpdu A2 ox; 0x; Ox3
| | duy Oy Oup| ity Uy, uy)
oy, o ag| Om
6113 6u3 6u3 i
dx; dx, Ox;

O(us, Uz U3) 00, YY) _ Oy, Un, Us)
01 Y Y3) a(xl,xz,x3) (s, X3 X3)
Generalization : .
" Theorem 4. If us, us, us, .., un are functions of yi,ya,ys, ...,y. and
Y692 Y5 - Yn are functions of X1, X, X3, ..., x», then
Oy Uy ... Uy) A Oy, Upy U3y vy 1) O(V1y Y2y vevy Vi)
O (X1, X35 +rvy Xy) OOL Y2 wnYn)  9(xs, Xy, .. o

" Proof : By hypothesis, variables Ui, U, ..., U, are functions of variables

Y12 -y Y Which are themselves functions of variables X1y X2y suny X

Therefore, %, = % L2} + Ot P 9t
% Oy ok dy, ox, Ay,
R L3 @
| r=1 ayr X;
Thus, B _au_l ='§ 2‘1% ou, - du, oy, and 5007

i
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¢‘row by column rul ', sl 1 |
Nows by ‘row e’ for multiplicat A 4
Bty W22 =22 Un) 00152 v0r Vi) plcation of determinants,

30 Y2 Vs 00Xy wx,)
| 'a—ul _c'ilﬂ Quy, Ay, oy &,
gﬁ: .g.:’lz "oy, | | ax Ex—z vy
it Sl ] duy | | dy, oy, &,

S| T oy oy % o

ou, ou, au,, ay,, ay ay
v e am
sad p WY D
gy, e g 3, ox,
__lf_Z_g_& Z%EXE 261‘26)’,

o P oy, ox, S ay, a6 >, x,
2%'@_' ZaQ"—QyJ zgﬁ'zi&
dy, ox;  dy, dx, 3y, ox,
95.1. iu_l 0wy
ax, o  Ox
ks Lo Oz O(ttg, Uzy wrvy Un) |

PPl )

i

- a(xlaxZ’ maxn) '

oy o,
oxy oxz " ox,,

6. Jacobian of Implicit Functions
Theorem 5. If t1, uz and U3 be the functions of independent variables
31, X2 and x3 given by the implicit relations
F (w1, U, U3 X1 %25 x;) =0
F (uy, gy U X1 X5 %3) = 0
F (i, Uay Uy X1, X0 %3) = 0
s ¥ . (11, U2 Us) i (__1)
3(x1, X2, X3)

Proof : Differentiating Fi, F,, F; with resp

OF, aFI.aui+§_Pl.fljg+iﬂ.zlﬁ=o
ous 0xy

e
4 ox du, ox ou, Ox
_ 1 1 X Oy _?f_l_
b : ,21 -a’u: ‘axy 0Xy

3 a(Fl’ F2:'F3) a(Fh FZ’.FS) "
8(X1,x2,, x3) a(l«ll, uz u3)
ect t0 X1, X2 and x;, we get
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81’1 aFl au,+6F|_‘?_‘2+351 gl;a ”0
5 au, ax; Ouy ar; 3 @& _
, OFy o, aF,
= =1 aur Ex—z EX;
6F£ oF, duy aF1 ?ﬁg_}.fﬂfﬁi_o
——“+ aul a’-’s 6uz oxs M o3
3 aF1.6u, _ aFt
- L ou, o, Ay
Similarly, s oR f’fi
2w e
3 OF, ou, _ _OF;
R A T2
3 oF, ou, - oF,
P2 A
3 0F, ou,  9F
o, oy
3 gF; 6‘u,m 61"3
25w T,
and % OF ou __ 9Fy
1au,, ar3 axs
Now consider,
| oF, &F, oF, oy duy
oy iy Ous ax; dxa Ox
I(Fy, Fyy F3) Oy, s, u;) | aF, oF, oF, i, duy
a(ububu.'i) a(xbxbx?») G c')u;, Buz 6u3 ;“C &“1- -&: axs
|9F, oF, oF, us duy My
’(?u,/ uy ity -é:;:—)- dx; &
z’a/ﬂ."“’ 5 OF o4y o OF, &
7o, ax, T oou, ax, — ow, ¥
- Zan-a'?’ E.a.Fz-au,, 2__6_}1%,2&
ou, ax, “ou, ax, ~ ou,
-,,@i_au, EGF; L, zaFJ %
W, oy < du, o &
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putﬁ”g the values of each summatnon we get- i

- -f- 6F1 % aFl

i '-, o, o,

9 ok oF,
™ A, ar,

k 'GFJ', _ 9k, 0F3

"

5
S

|9
6x1' GJC?axs s e |

Nl axl ax2;~' axz.
6F3 , 6F3 6F3
| == (__,1)3 a(Fb FZ) F3) _ . |
L 0(x, 2 xXy) | . [

(uhubu'.\) (= )3 a(FberF‘%) o(Fy, Fp F3) -
ey X2 X3) Qs X, X3) | (s, Uy Us)

Theorem. 6. (Generalizations) : If u, s, ..., 1, be the funciions of n
,hdependent variables X1, X2, ..., Xn, given by the tmplu:u relations |
Fl (ub Uy ooy Uy X15 X2 - n) = n

F (ula qu o Ups X1y X29 o )'n) =0

Fn(uh Uy oo umxhxb ...,X,,) = 0’ ‘ | ‘t‘
‘ a(Flg Fz, FI!) il

a(xhx’7 )
"-( 1) a(FlFZr n)
_,,,,...-w
iy, Ups
gorem is beyond the scopc

31ty gy ony Un)
AUy, Uz oo Bn)

ol ! a(xb X2 o X )

of this book.

Proof : The proof of this th
cuey

1. Corollary

n in
1ty 1y, ., s b the functions of

glven by implicit relations of the il x)="0
F1 (dhxl g K2y eer
o x") =0

dependent variables X1, X2

Py (ug Y ¥ ¥
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Fy (g, y U3, X3y Xy 220

Fo (t1, U2y o+

x"). =:‘ 0

unixﬂ) = O’

Oty Uy e M) _ (-1 2, - N

then

a(xl, xZ’ ey

Xn)

t')F1 aF

oF, 9F,
6u1 6x2 *au\

- Example 1, Ifu +v’ =x+yandu® +? = 3

Proof': Since, ,by hypothesis

I(Fty Foy oy F) _
. 0(11, X2y ooy x") ' axl axz ' ax,,
a(j:b F, ..., F,)  0F; 0F, oF,
and Wun) ouy ous  ou,
S A(Fy, F,, ..
a(xl,xz, veey

a(ub Uy ey un) —_ (__
o a(xb xz, '..-,— xn)

 £,)

> 1 Xn)
) a(Fl?FZ? "ty n)

0(uq, u,, ceey Uy)
6F1. oF, oF,
. @ a  E
ey (—-1)" X1 00Xy xn.
aFl 0F,  9F,
EPRE T " ou,
: ILLUSTRATIVE EXAMPLES

- Omy) yPoy?
9 (x,y) _2uv(u—-v)'

Solution : Here f1
and |

2u 2v
3(}1 ~_1_ _xZ
6uv(u-v) m
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S+viEW =x 4+ 2 e
LN
L et FEW AV
sallltion' Let ' ) . Wo=x y '_Z)) '
SR S N (T Y +W2,‘x3-y3+z3) |
: ng(u+v+w—x2__y2_zz)' . | ]
n ; [
W) _ (17 L 9).2) _ |
i T o I
907,2) W Ry -
o(u, v, w) ama e g
) conSider ,
NOR o, oF, oF, oF, |
dx dy a2 B
6(F1, FZ’ F3) — an an an ) ll | ' .(il)
“amy,n) | v & - |
ox dy o0z
From Fy, F, and F3, We get et |
oF, __ Ry R
ax W b - | |
F. a } 2 . ;
F_ _gp Pyt
ox 0y i
oF s _ o, !
OF; _ —2r,"'3' == ,
ox %
Putting these values in (ii), we get | . ,
. _1 -1 —-12 . : '3
dF,FpF3) _ |32 -3 —% B
Towyn) |-z -y T o
et - |
Cl"C1—'C3andC2"C2‘C3’weg e i
- | -1 | il |
0 s 3 , |
3(z "}’) 4
- 3¢~ 2) Zgz—)') =& |
2P .
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o : , (Z"'x) ' gy y T TR
TR B IR B E S
;o _vwilzH+x z+y =322
A il AR R
, z-+x Z+y
= 6(z —X) (z"')')( 1) 1 1 l
_ =6x—y) =2 E~ x)
Now consider it
oF, oF, 0F;
ou . v, 0w ,
G(Fl, Fz, F3) _ an an ) an : (.)
4 ‘ i

ou,v,w) | ow 0v oW

Agam from F,, F,, and Fs, we gct

w M w T aw
oy R O

. r 2u, o 2y, e 2w
oF. OF. oF.
—'s 2o, =1

du Tl’_ —é;f—_"aw -
Putting in (iii), ; ‘

OF, F, Fy)  |34° 3" 3w
o, v,w) u 2 2w

| 111
C1"C1 CJ;CZ"Cz C3 glvcsus,

B g u+w v+w 3w
TOEM-w | 1 1
L 0o 0 1

Scanned by CamScanner



ey g o 1 Ak

e
PO e
iR A

  ‘6m‘M@~mlHWV+W
=60~ W)y gy o
B ~6(““‘é%(v—W)(WV)u)
X=y)(y i
6(x,y, Z) M(V A_Z)”g (wxz u) Y o, Ty ‘?;-5
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DR e = L

| J(uvw)t_ 2~y -~ =2)(z ~x)

| .'E:_:ample LI W+ -v‘ +(;_:) _*(_‘;__ng w— V)
; . U + V +w = x +y 5 Z
: +v+ Wisiddyieg

Scanned by CamScanner



, Jacobians | 203
M._ O gt 4 \ ,
0,9, 2) 40 +yz + ) + 16ys

e W) + 2TuhAwE

: _ e
‘tion?Lct fi=w+v4y

solt S B: y-7
o _f3=u_+vfw3~x2_y2_z
(o a(u,v,w)___ (_1)3M_ , .
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| /—‘1 -2y -2 1 2 2 ,
= |- -1 =2|=|2% 12
-~ -y -1 2t 2y 1
= 1(1 — dyz) — 2p(2x — dxz) + 2z(4xy — 2x)
= 1—4(yz +xy + zx) + 1692 (i)
u dv ow w1 1
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= 3u2(9v2w2—1)-1(3w2—1)+1(1—3v)
- 2_3(u2+v2+w2)+27u2v’w2. (i)

From equations (3), (i) and (iii), we have
v, w) 1= 4z +m tE) IO,
ax,y,z) 2-3@W+ v+ w?) + 27u v.w :
Theofém 5. U-the Jacobmns Oflh and 77 w.irl. X1, xzhl;t] =/
U . ‘ T = rove t
e ls1'j St (Agra 2007, 10)
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EXERCISE 9 (B
1. If U= :
ax + by, v = cr + dy, then find the value of 7 (u,v)

2
2. Ifu = -L = x + !2
in 14 zx ’ thﬂn ﬁnd the Value Of a(u V)

3Ify=1,_ % 36)°
x’ Iy = W=y +y +2)°, thep find the valye of o(u, v, w)
4 Ify=-2_ _ tan = x,y,2)
. 1-x L YrtanTly pen find the valye of 22—+ E ))

[ TS0y = tan g ang A, v) ggu V)) o(u, v) a(e,¢>]
B 36,¢) 3(x,y)
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