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Indian Institute of Technology Roorkee
MAI-101(Mathematics-1), Autumn Semester: 2023-24

Assignment-4: (Euler’s theorem, Chain Rule, Jacobian)

. Iff(x,y)=$+$+w, prove that x%+yg—£+2f:0.

x2+y2

. Let u = cos™* (M) Then by using Euler’s theorem, prove that

NEENE

(i) 233% + 2y% +3cotu = 0. (i) mQ% + ngiy? + 2:1:y38;gy = 3 cotu(l — 3 esc?u).

. ) : 2 2 2
Let z = x2y4sm*1(§), where 0 < x < y. Determine m, if 3:2% + y227§ + Qxya‘?pgy =maz.

CIfz=amf(4)+2"g(%), then show that $2%+y2%+21‘y8%25y+mn2 = (m+n—1) <;Eg;—|—ygz> .

Let u(x,y) = ln(gﬁiizg) + tan_l(%). Then, using Euler’s theorem, evaluate x% + yc%‘

Use the chain rule to compute % if

(i) u=sin(z? +y?), 2=t +3, y =13

(i) u=tan"}(¥), =" —e!, y=e' +e".
(iii) u = 22 + y? + 2% and = = €', y = e* cos 3t, z = e sin 3.

Use the chain rule to compute % and % for z = cos(z® +9?), = st, y =12 + 5%
Find the first order partial derivatives of z with respect to x and y if xy + yz + xz = 1.

If z = e® sin y+e¥ cos x, where = and y are implicit functions of ¢ defined by ?+x+ef+t?+t—1 =0
and yt3 + 93t +t +y = 0, then find % at t =0.

Find the values of n so that the function v = r"(3cos? § — 1) satisfies the relation

0, 50V 1 0 ,. Ov B
E(r E) + Sin(g%(sm@—) =0.

Find the positive value of n so that the function f(r,8) = r"e? cos 20 satisfies the relation

o, of 82f 0 ,10f
o) 25706 T 90 s 90

) =0.

If v = v(r), where r? = Y"1 | 22, show that

" 9% 0% n—10v

— (9:1:12 Or? r Or
Z:

Let w = f(u,v) satisfy the Laplace equation wy, +wy, = 0. If u = $2;y2 and v = zy, then show

that w also satisfies the Laplace equation wg, + wy, = 0.

Let f(x,y) be a function having continuous second order partial derivatives. If = acoshu cosv
and y = asinh usinv, where « is a constant, then show that

2
Fuw + fow = %(cosh 2 — c0820) (fuz + fuy).
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If £ =rcosf,y = rsinf, prove that

. 2 2 . 2
(i) 55 + 5 = FL(5)" + (5)7] (i) (55) - (5) = (52y)
(iii) (2£)* +(%)* =1

Further, if V' is a function of  and y, then prove that %27‘2/ +

2V _ 82V 1902V | 19V
oy — oz T2 a0z T rore

If x =rsinfcos ¢,y =rsinfsing, z =rcosf and U = U(z,y, z), then prove that

OUN* | (OUN' | (OUN*_(0UN®, (LOUNT (19U’
ox oy oz )  \ or r 00 rsing d¢ )

2
Ifu:loge(x3+y3+23—3xyz),showthat ((%—Fa%—i-%) u=q =9

z+y+2z)?"

Compute the Jacobian ggz’g’;;, where x = psinf cos ¢, y = psinfsin ¢, z = pcos¥.

Ei’y) where z = v/2u — \/gv, y=2u+ \/gv.

I,U)

Find the Jacobian g

Check whether the functions are functionally dependent or not? If yes, then find a relation
between them.

() f(z,y) =logz —logy, g(z,y) = 52 (i) flw,y) =¥, gla) = 2L

Show that the following functions satisfy the necessary condition for functional dependence
u=x+y-+z, v:x2+y2+z2, w:x3+y3+z3—3xyz.
Also find a relation among u, v, w.

Let f(x,y) = e cosy and g(x,y) = = + In(cosy) for x € R and 0 < y < §. Then, find the

Jacobian gg ’z), and use it to check whether the functions are functionally dependent or not. If

yes, then find a relation between them.

If the roots of equation (t — x)3 + (t —y)3 + (t — 2)3 = 0 in ¢ are u, v, w, then show that

Ou,v,w) -, (& —y)(y —2)(z — )
I(z,y, 2) (u—v)(v—w)(w—u)

Answers

3.

8. =_lf2 G _rtz 9 _2 10.n=2-3 1l.n=5 18.p’sinf 19.

30 6. (i) 4atcos(z? + y?) + 6yt? cos(z? + y2), (i) —2/(e* +e72), (iii) 8e.

9z 4
r+y’ Oy~  zt+y’ V3

20. (i) dependent. f(z,y) = log(g(=,y)) + /(g(x,y))* —3)
(i) dependent. f(z,y) = =4

1+g(z,y)

21. w= u(Sv;uz)' 22. 0, dependent, In(f(z,y)) — g(x,y) =



