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Solutions For 1 a)
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For f(z,y) = = and
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For 1b)
. TS ox ) dy TS T
for x= cos (wst) y =sin— 5, — s (mst) - mt 95 — 8T
s s
ox dy
d  Z0-1n=0 Zw0-1)=-

an . (0,-1) 83( ,—1) T

fors=0and t =—1 x=cos(0) =1,y =sin0=0

1
and Vf(1,0) = (0, \/§>
Dh(0,-1) = f2 + f,5L = VF(1,0) 0 (22 (0,-1), 2 (0, 1)) =
_ 1 _ T
= (073) e (0,—m) = 2
0 0 - 0 0
a—f:—sin(ﬂst)-ﬂs a—i:cos%s-t—zsanda—x(&—l): a—i(O,—l):O
2h(0,-1) = £ 2 + £,2 = (0, ) « (0,0) = 0
OR by Chain Rule Dh=DfDg matrix multiplication where
1
Df=|fs f,]= [0 2] at x=1,y=
oz Ox 0 0
Dg:[ s gg]a‘cs: = —1 Dg(O,—l):[ 1
% o 1 —m 0
0 0 —T
so Dh = [h, ht]_[o ﬁH—W 0 ] [\/5 0]
For 2)
for f(z,y) =In(z +9?) and 29 = 0,yp = —1 20 = f(0,-1)=In1=0
. 1 2y
partials f, = s fy = s and A= f,(0,—-1) =1,B = f,(0,—1) = -2

so tangent plane 2 = zp+ A(x — x9) + B(y — yo)
z2=0+(x—-0)—2(y+1) z=x—2y—2

Or the point on the graph is P (0,—1,0) and n =(Vf, —1) = (1, -2, -1)
so x — 2y — z = d and from P 0+2—-0=dthusx —2y —z=2.
For 3)

for f(z,y) = V¥ the domain of fis2>0ie{y>0,2>0tU{y <0,z <0}
but the domain of the partials is .{y > 0,2 > 0} U{y < 0,2 < 0} = {zy > 0}
1 .
fa;:e\/g-%(ﬂ ’ -_—é’:—ige\/;for:z:>0,y>00n1ysince,/g:ﬂ
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1 1
I G Y11 VY _ 1 4
fmy =37 26\/: [2\/27+ 2\/7]\/5} =TV (:C YT +;U2) , for zy > 0

the middle steps are true only if both z,y are positive
but the final expresions are valid even if both are negative.

for 2 >0 Vf = gradf = (fs, fy, f.) where
fe = V2cos(rxy + xln 2) [ty + In 2] fy = V2 cos(rzy + x1n 2) [r7]

f» = V2cos(may + xln 2) [f} so Vf =+/2cos(rzy + r1n 2) <7Ty +1Inz, 7z, x)
2
For 4b)

1 11
(1) = (61(0):95(0). 95(1) = (5. 73,5 ) for 1 #0
OR
1
/ +2
D o g/1 o 1t h 1 _ 1 d ot
g = g/Z - ﬁ , where gl(t) - 2792(t) - an g3(t) -2
83 1
2
For 4c)

ift=2thenz=2%y=Fandz=1  V2cos(may+zlnz) =+v2cos = =1
and by Chain Rule

Dh=Df Dg .

™ 7w 1 oy (—1 11

pr=[f by £]=]-5 3 z]at<5"5’1j’a”dg<2)—(4uyz)

& 1 1

h/(2):Df(§,—§,1)Dg(2):[_ g ;}{% ]g+g+4ﬂz-
2

OR
W(2) = for + [y + f:2' = VI (5, -5, 1) ¢ (41(2), 95(2), 95(2)) =

( T T 1) (—11 1) T+ 1
= —— — — o|—. — — | =
2’7 27 9 4742 4

For 5)
. . . x2+y2 9 9
Simplify the function first f(z,y) =1In =1In (x +y ) —Inz —Iny
Ty
for x > 0,y > 0 so
2z 1 2y 1

tial = —_— — = - _ -
partials are f. x2—|—y23 » fyz Ry
an f( ) ) 5 2 10 fy( ) ) 5 5

Now, rate of change means the directional derivative

Since partials are continuous in the domain

D,f(2,1) =V f(2,1) e (v1,12) = (1%7 —%) o (v,1) = 1%(”1 — 21p)
and we are looking for a unit vector (v, v5) such that

D, f(2,1) =3 2 —2w) =3 and v} +v2 =1

SO 11 — 215 = 1;0ne solution is v; = 1,15 = 0,

generally vy =1+ 20y = v + 12 =bvs + 41y + 1 =1,



Vo (bry + 4) = 0 thus another solution is vy = —% and v; =1 — % = —
Together v = (1,0) or v = £ (-3, —4)

3
5

3 3V5
Maximum rate is always equal to |V f| = H(lo, )H 2V1+4= —\/—

10
For 6)
V= fos [y [2) = Quze¥ + 2%, 2%zeY, 2?e¥ + 222) at P
Vf(P)=(12,4,6) = 2(6,2,3,) IV f]l = 2v49 = 14
\%

1
the direction is u = ——"— = ——(6,2,3) and rate is ||V f|| = —

(
VAT
For 7a)
lim _ does not exists,for sure it is NOT equal to 0
(2.9)—(0.0) 222 + y? :
since for z # 0 flz,x) = 3 80 f is discontinous at (0,0);
For 7b)
0)—0
by definition f(0,0) = limw

z—0 X
M = 0 so the gradient exists and Vf (0,0) = (0,0).
Y

=0

fy (07()) = leli%

For 7c)
for the directional derivative we have to use the definition
since f is discont.at (0,0) thus partials cannot be cont.at(0,0)

1 1
unit vector in the direction of the line y = x r=ty=t isu=|—,—&
V27 V2
f(t,t)—0 1.1 ¢t 1 _
D, f(0,0) = 71 = = w%g%; v ll_r)%gdoes not exists
OR from a)

1
since f(x,x) = 3 for x # 0 and f(0,0) = 0 f is not continous along that line

so it cannot be differentiable along that line.

For 7d)
for any other point we can use the theorem since partials are continuous
Dyf=Vfeu
22 + y? — 4a? y? — 222
first fe=y =y
(222 + )2 (22 4 y?)?
2 2 + 2 2 2 2 2,2
and fy=12 Ty g T so at the given point

D A R
Vf(-1,-1) = (9,—9) and Duf (~1.-1) = o= (1L~1) o (1,1) =0



