
Math 212 Worksheet 4 Sept 10, Instructor: Jiuya Wang

Problem 1 : Partial Derivatives/Tangent Plane
For following surfaces:
1) compute the partial derivatives;
2) write up the di↵erential df ;
3) find out the tangent plane at the given point;
4) what is the approximation at the second given point;
5) what is the normal vector of the plane you find out.

1. z = xy2 ; x = 2, y = 1, z = 2; x = 2.01, y = 0.09

2. z = xy
x+y ; x = 3, y = 1, z = 3/4; x = 3.01, y = 1.02

3. z = e3�x2�y2 ; x = 1, y = 1, z = e; x = 1.1, y = 1.1

Solution:

Problem 2 : Gradient/Directional Derivatives
For above surfaces:
1) compute the gradient;
2) find the directional derivatives at given point along ~u = (1/2,

p
3/2);

3) find out the direction where the function increases/decreases the fastest.
4) find out the direction where the function remains the same.
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Problem 3: Chain Rule For the following functions:
1) Use chain rule to compute df

dt (or
@f
@u and @f

@v );

2) Evaluate df
dt (or

@f
@u and @f

@v ) at given point;
3) Use chain rule to compute all second order derivatives in terms of t (or u and v);
4) Evaluate all second order derivatives in terms of t (or u and v) at given points.

1. f(x, y) = x2y3 + x3y2 ; x(t) = t2 + t, y(t) = et; t = 0;

2. f(x, y) = x2 + y2; x(t) = cos t, y(t) = 2 sin t; t = ⇡
2 ;

3. f(x, y, z) = xyz; x(t) = ln t, y(t) = et, z(t) = 1
t ; t = 2;

4. f(x, y) = sin x2y + cosxy2; x(u, v) = euv, y(u, v) = ln(uv); u = 1, v = 1;

Solution:

Solution:
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A general formula for second order derivatives Only for fun no

need for
ddt 3 t dotted fxcx.gs X It fyix.gsY t general

audience

at daff T 1 x'it y fxix.gs X t t

defyix y
Te Y't ti t fyix y y t

f ixy x'it fxycx.gs y its it t f ix yi x HI

gy y y y y

IR 1122

the s_ I'ixy

Jh f Js fx Y fycx.gs

Json Is.Ih fx fy Y fix't fy y

2 Islay JhCt
22 Jwt t Js 2

172T
T
TT

JwJh Th't t Js 25
ITmeanstranspose of a matrixI II y wease nauseous mention

of J is 144 but we need
Jh Y Jw tff f if.it filth to match



Math 212 Worksheet 4 Sept 10, Instructor: Jiuya Wang

Problem 1 : Partial Derivatives/Tangent Plane
For following surfaces:
1) compute the partial derivatives;
2) write up the di↵erential df ;
3) find out the tangent plane at the given point;
4) what is the approximation at the second given point;
5) what is the normal vector of the plane you find out.

1. z = xy2 ; x = 2, y = 1, z = 2; x = 2.01, y = 0.09

2. z = xy
x+y ; x = 3, y = 1, z = 3/4; x = 3.01, y = 1.02

3. z = e3�x2�y2 ; x = 1, y = 1, z = e; x = 1.1, y = 1.1

Solution:

Problem 2 : Gradient/Directional Derivatives
For above surfaces:
1) compute the gradient;
2) find the directional derivatives at given point along ~u = (1/2,

p
3/2);

3) find out the direction where the function increases/decreases the fastest.
4) find out the direction where the function remains the same.

1

I 3 y 2xy4 szz.oxt4oy
o.ol 4C ool

df y Ix t 2xydy 0.03
Z 2 2 o03 1.97

off dx t 4dL F I
Z Z x 2 4Cy l

vector
unit

i
D.it lzg aYI E dsxsE tTs z

Tf I

of of

T or f Def of a o
ab ba

of of



Problem 3: Chain Rule For the following functions:
1) Use chain rule to compute df

dt (or
@f
@u and @f

@v );

2) Evaluate df
dt (or

@f
@u and @f

@v ) at given point;
3) Use chain rule to compute all second order derivatives in terms of t (or u and v);
4) Evaluate all second order derivatives in terms of t (or u and v) at given points.

1. f(x, y) = x2y3 + x3y2 ; x(t) = t2 + t, y(t) = et; t = 0;

2. f(x, y) = x2 + y2; x(t) = cos t, y(t) = 2 sin t; t = ⇡
2 ;

3. f(x, y, z) = xyz; x(t) = ln t, y(t) = et, z(t) = 1
t ; t = 2;

4. f(x, y) = sin x2y + cosxy2; x(u, v) = euv, y(u, v) = ln(uv); u = 1, v = 1;

Solution:

Solution:

to

x e y o
fun

4
It _zxy.a.sn2y iy sinxy2 ay

xiosxy zxy.es yi
3 e at
2 u e 32 4v

tII It Ey En n

2xy.wsx'y y sinxy we II
o O TI u v

x cosxty sexy sinxyu Fgcx.y.u.us

f2xy.wsx2y y2sinxy2 u.e

1 x cosxty sexy sinxy f

u i 371 i

fun 3 Eutsey Ift Ind Just one example

v EY zywsgy izxy 2oxy.ts.mx y yo gsxy

uh 2x cosxay x 2xy Sin x Yzg.fsinjxytzxy.lywsxy33 u.eI



v e 2x wsx2yt2xy fsinx'ylXZ 2g sinxy2 y cosxy x 2g

If fsinx y x 2x Sinxy 2xyCcosxy2 2x y f

2xy.wsx'y y sinxy irew fx2cos5y zxy sinxy2 u
fuel I 2 1 e t e 2 I 4 e I



Math 212 Worksheet 4 Sept 10, Instructor: Jiuya Wang

Problem 1 : Partial Derivatives/Tangent Plane
For following surfaces:
1) compute the partial derivatives;
2) write up the di↵erential df ;
3) find out the tangent plane at the given point;
4) what is the approximation at the second given point;
5) what is the normal vector of the plane you find out.

1. z = xy2 ; x = 2, y = 1, z = 2; x = 2.01, y = 0.09

2. z = xy
x+y ; x = 3, y = 1, z = 3/4; x = 3.01, y = 1.02

3. z = e3�x2�y2 ; x = 1, y = 1, z = e; x = 1.1, y = 1.1

Solution:

Problem 2 : Gradient/Directional Derivatives
For above surfaces:
1) compute the gradient;
2) find the directional derivatives at given point along ~u = (1/2,

p
3/2);

3) find out the direction where the function increases/decreases the fastest.
4) find out the direction where the function remains the same.

at 3 dxtagtydy

O
3 f e3kY.izxy df e3KY

2xsdxiIfy.eI ay es Haydy

at 2e dx seedy n f
z e Zec x 17 2e.cz l

2e o l 2e O l Z E Z o.be

3 of e I at ab ba

3 T
x Ey lxDef of a e

e l l Fs

of I e increases of I of 11WSO

of He decreases Tae Is
0 cos0 0 I

f andT remains same of z
T Ofmax



Problem 3: Chain Rule For the following functions:
1) Use chain rule to compute df

dt (or
@f
@u and @f

@v );

2) Evaluate df
dt (or

@f
@u and @f

@v ) at given point;
3) Use chain rule to compute all second order derivatives in terms of t (or u and v);
4) Evaluate all second order derivatives in terms of t (or u and v) at given points.

1. f(x, y) = x2y3 + x3y2 ; x(t) = t2 + t, y(t) = et; t = 0;

2. f(x, y) = x2 + y2; x(t) = cos t, y(t) = 2 sin t; t = ⇡
2 ;

3. f(x, y, z) = xyz; x(t) = ln t, y(t) = et, z(t) = 1
t ; t = 2;

4. f(x, y) = sin x2y + cosxy2; x(u, v) = euv, y(u, v) = ln(uv); u = 1, v = 1;

Solution:

Solution:

o E

3edu zf.dIetEy I7taE dEe
yz.gl XZ et 1 Xy It g ix y Z t y yct

2 2it
Azul e Iz z t biz e't w e j g

l
It in2 Xyy

dtz gf.at iEf I7 iE dE i I
at

Hetty ft f x I et y xet

Little e't e E E s inz F
Xz et

e 12 1 m2 e IT e E 42 I E xy

E ft 41 f fit E hi 2 C 41
E ln2

E ft 442 I 1


