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Example 1 (14.1). Find and sketch the domain of the function.

(a) fz,y) = oy +e’> " +3. "
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Example 2 (14.1). Draw the level curves z = k when k = 1,2,3 of the function

z = f(z,y) = In(z? + y* - 9),
S , 2 2 2
and sketch its graph. Domain Z Lix9> . X g >3 f
z=) > UIn(xryT ) = )
2 2 .
x + J - 9+ e , a (rrc/f 6’(/7/‘2)’9:/ at- M e 0/’/}’//7
w'th vadres V9+e . Th)'s means e /)e{}ﬁl‘ o the tfunciton

at w s POINt on the oirels 22‘+(yL: yre /s /.
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Example 3 (14.1). Match the graph with its function.

1 <
_ p<Z = |
I. (A) f(z,y) 1+ 22+ 2
(8 Z= L = At Y= ) level curves are

orreled .

(B) fa.) = 155

zZ = = (77)2:0 > =0 ¢7 Y =O:
7he Ae/y'/// of/%g ﬁﬁw‘f‘oﬂ Js / d/lly
x dnd/dl/- ax ed

(C) f(z.y) = In(z* +y°)
Z = k4 covitant rmiplied
,CL+},2: ek ' Mhe Jevel corved are

clreles . #//’/A value 4,« = 4igger crrede -

(D) fla,y) =cosva?+y? - = = |

z =0 = \/12+,2:7/’/+,,[f ﬂézl
=z

/< % =/,

;> Leve/ cerved Qre ciyele s

(E) f(z,y) = cos(zy) 2=z< )

Z =l = gpot(xy) = [
'xy =0 ( prartscular )
> x=o0 o”)’J =0

7he /)er‘//f;‘—pf fhe funeiron s
4/017/ /he x—mw/f«axrr.
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Example 4 (14.3). Find the first partial derivative of the function.

Inz
(a) f(z,y) = (z +y)?

MATH251 - Spring 25
Week-In-Review 4

7@(7,(7) = 3/ [24;)2,. 2 (nx) (x+4)

[24&4) 7

75,(7(, g/ :—2(/;77() (9(4;}3

X
e - d _
F7¢C 1. Jx(léflk)d!-fp{?
N

(b) W(p,q)z/qx/1+t5dt it oa conshant-.
p

re]
d

OT/;W(P/ﬂ) = "‘d_;_'i (fylp\;/%—bf‘_df): A\} /+ P

FTC'
,0_,1/1/[/9,7): q(i/ f9\//+t9—¢l'):W
7 P

(a) F(r,s,t) = rtan(s 4 3t) + 2t.

'Cr = fan (S +326)
Fe = 7 yecL/s+9k)
F, o= rEetcer2D (3 + 2

p—

2y sec (S+3L) + 2
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Example 5 (14.3). Suppose f(x,y) = /9 — 2% — 9y2. Find f,(2,0) and f,(2,0) and inter-
pret these values as slopes. s

z=V7-7F=7y=

7@( - A 4 = - X

w2y 942,22 g
2 gacoryz STy L

—_—

4 / - /.
fot20) = -2 . L 2on g .
V5 / € j/ﬂf/of /e e177/oe/~a]£
A ) 2 = 2
This mearns Mo ﬂ/a/pg e ﬂZ% Df HMe e////pfﬂa/%_f;l %;z’_:
fang en} Line af (2,0,5) oy e
cutve Z= (9 - 2% Cwhich 7 He 1'nirescecton
z 2
"% z = \/9’;‘2’9&2 o’l?t/é/:o) {V ~ - q/"
;s L (2,0 = - 2 /{6 S
& o
f/’m//a/?/
6, = - 7/ C//o/\/? P
J 1=y
/j,/z)o) = 0 Wiy rrekNs . o (2,8,0) J

shpe of fhe fon gent fine at- (2,0, V5.
on lhe Curye Z — J 5 gy s

7%62/0) =0 . \_}
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Example 6 (14.3/14.4). Suppose f(z,y) = ™ — 3z°y.
(a) Find f.(0,—3) and f,(0,—3).
(b) Is f differentiable at (0,—3)? Explain.

(¢) Find all the second order partial derivatives. Is fy, equal to f,,? Explain why.

ng p yﬁxy,_ ng p 72(), — 9(15??,_ 511

(b)) Since f,( (7,90 ard 7§ (’a;/) adre  coptinuotd  atl (v, -3)
_/ is differenr able at (0, -3) .

Lo Fact, L is differtntsalle eveppu hore -

Q) oy = /le"/,g/ é,

/%/ :(fz)du: et 4 %felf,fz

~ <
= a%p 7

jé/” :(f‘ﬂj)k = 5%7’% ’C/ez?~ € »

}/eJ/ /,7 — J{/”L as He /%/Xea’far/?’c{// derivali'ved ape wrirnacie.
(('/a/'/ww/{:' 7/:'0/9/)’))‘
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Tangent Planes Suppose f has continuous partial derivatives. An equation of the
tangent plane to the surface z = f(x,y) at the point P(xo,yo, 20) s

2z — 20 = folo,y0)(x — x0) + fy(zo,y0)(y — Yo)

or
z = f(z0,90) + fo(Z0,Y0) (T — T0) + f,(20,Y0) (¥ — Yo)
The linear function
L(z,y) = f(a,b) + fa(a,b)(z — a) + fy(a,b)(y — b)
is called the linearization of f at (a,b), and the approrimation

f(z,y) = f(a,b) + fala,b)(x — a) + fy(a,b)(y — b)

is called the linear approximation or the tangent plane approximation of f at (a,b).

Example 7 (14.4). Find an equation of the tangent plane at the point P(4,1,2) on the
surface z = In(x — 3y) + 2y. %, , Ze

7g9t — / fl [4_)/):_ /
z—gy
J§/: -3 +r 2 = %/[4//):
’)(—3&/
An ey watron of- ﬂﬁe/p/am L
z -2 = [ Cz—4) + () Cy—7/0
z — 2 = %/J'—B

[E7g7= =T

~1
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Example 8 (14.4). Consider the function

flz,y,2) = a2+ y? + 22

(a) Find the differential of the function.

(b) Find the linearization of the function at the point (2,1,2).

(c) Use the differential or linearization to estimate v/1.92 + 1.12 4+ 2.012.

(2) dew = £, d x +;§J/7‘ﬁzdz

~2—dz—/~j %z d=
N Y = A G = v

(é) 7(2[2/ L2 = _Zg/ y 36/(2, /, 22 :/—; , fZ (27,2 :%

fez 1,20 = 2
Cabr)(Z-2
Lea,y,20 = L@ b0+ Fcab oo ¢ Fplohe )yt +£.40,60)

=2+ 2 (=2 + Uy + 2 (=2
= = =

[ ox 4+ g+ 2Z]
s L2xts

t
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Example 9 (14.4). If 2 = 2>+ 2y*> —x and (x,y) changes from (2,3) to (1.9,3.01), compare

the values Az and dz.

Iz = fedrx + Fydp = (zx-pdx+ 4y dy

S
Vod== (4-1D(-0.1) + 2¢2) (0.0()

= —0.30+ 0/2 = —¢.tF
4= = F£l930) — £(2,3)
= L1 9%, 2¢30p%1.9] — [ 254 203D =27

= /7123———2_0

:“00/7

The Chain Rule Suppose that z = f(x,y) is a differentiable function of x and y, where
x = g(t) and y = h(t) are both differentiable functions of t. Then z is a differentiable

function of t and

o _0fds ofdy _ 0:ds  0:dy
dt — Oxdt Oydt  Oxdt Oydt
Suppose that z = f(x,y) is a differentiable function of x and y, where x = g(s,t) and
y = h(s,t) are differentiable functions of s and t. Then

0: _0:00  0:0y
ds  0x0ds Oy0s
0: _0:00, 0:0y
ot  0x ot Oyot
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Example 10 (14.5). The length I, width w, and height h of a rectangular box are changing
with respect to time t. At a certain instance the dimensions are | =5 c¢m, w = 4 c¢cm and
h = 10 ¢m, and length and width are increasing at a rate of 4 c¢cm/s while the height is

decreasing at a rate of 3 em/s. At that instant find the rate at which the volume of the box
15 changing.

V= Lwh |, 1= RO, Wz Wi, h=hleD
dv =9V dl +2v. dw , 2V di

—

A 2L de  Sw Tde 24 dF

= wh L 4 Sh Jw 4 e dh
d& de A
Given Hat- L= 5, w=4, h=0, dl=dv=4 dl = -2

Lo

/

19/: 20(49) + 50( &) + 20(—2)
At
= /€0 + 200 — 6D

= 8060 com 3/;

Example 11 (14.5). If z = tan"'(2° + ¢°), z = slnt, y = te*, find 0z when s = 2 and

Js
t=1.
dz _ 2z, 2%x 4 2= 2
23 2 2s 9/ 2
=
= 22X Ut + 4 . le
2
! + (x5+ty2) /%/zz%‘yz)z
S=o, t=( = X=0, y= e
2 +
ij/ = o + 2 e e = _Z°€
Cs,69= (2, /4 (o + e )" 7€
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Example 12 (14.5). Find % and % if 23+ 3+ 23 =3 — ayz.
- y

@e//»e Fer 20 = 25%(7374 Zg+xyz—3. ey He
leve/ /arﬂve (> yzoy =20 /”"lwﬁ ﬂéi;ym fug&be—
IZ:q = 32{2—7‘/‘2

2
FJ — 37 ~+ Xz
2=z = _'Cq — _[322_/,é;z)
= = 2z =7 75?’
fﬁl,z_ = - Fz — - ( B/Zf—fzz)
2
Cy FZ gzl,f- Qﬁj
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