
Sample problems with explanations (preparation for midterm 1)

Students from Math 53 sections 108 and 111

Sep 25, 2023

I have categorized the work you all did for easier reference. You should be able to click on the headings in the
table of contents and be taken to the appropriate section. Some people’s work fit into multiple categories.
In this case I categorized based on what I thought was the main theme.

Credit to each and every one of you to contributing to this document!

Contents

1 Parametric Curves (10.1-2) 3
1.1 [Pranav] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 [Kamron] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Polar Curves (10.3-4) 11

3 Vectors and Regions in many Dimensions (12.1-2) 12
3.1 [Zachary] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.2 [Ashlee] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4 Dot and Cross Products (12.3-4) 15
4.1 [Dillon] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.2 [Aadhiti] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5 Lines and Planes (12.5) 20
5.1 [Daniel K] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
5.2 [Jeremy] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.3 [Jeremy] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.4 [Daniel F] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5.5 [Jacob] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
5.6 [Rahul] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
5.7 [Vansh] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

6 Calculus of Parametrics (13.1-2) 35
6.1 [Ashlee] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.2 [Nishan] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

7 Multivariable Functions and Level Sets (14.1) 37

8 Limits, Continuity, Differentiability (14.2) 38
8.1 [Mustafa] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
8.2 [Kaycee] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

1



9 Partial Derivatives and Chain Rule (14.3,5) 42
9.1 [Daniel K] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
9.2 [Dillon] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
9.3 [Keshav] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
9.4 [Nishan] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
9.5 [Rahul] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
9.6 [Kamron] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
9.7 [Aadhiti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
9.8 [Vansh] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

10 Tangent Planes, Directional Derivatives and Gradient (14.4,6) 68
10.1 [Zachary] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
10.2 [Alvaro] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
10.3 [Alvaro] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
10.4 [Elaine] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
10.5 [Elaine] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
10.6 [Mustafa] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
10.7 [Jacob] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
10.8 [Kaycee] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

11 Maxima and Minima (14.7) 92
11.1 [Keshav] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
11.2 [Daniel F] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

2



1 Parametric Curves (10.1-2)

1.1 [Pranav]
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1.2 [Kamron]
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Question: Find the length of the parametric equation given the formulas for x and y.

1. Write out the equation to find the length of the parametric function.

2. Solve for the derivatives of the x and y equations.

3. Input these derivatives into the formula from Step 1.



4. Simplify

5. Use the Pythagorean identity to further simplify.

6. Evaluate the integral and find the solution.



2 Polar Curves (10.3-4)

Uh-oh no one did a problem on this topic! Make sure to review it (maybe no one did it because no one
remembered how it works 0.0)
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3 Vectors and Regions in many Dimensions (12.1-2)

3.1 [Zachary]
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3.2 [Ashlee]
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4 Dot and Cross Products (12.3-4)

4.1 [Dillon]

15



↳

Problem #2 given vectors a < 1
,

3
,

2 > and

-

D 33 1 4)
,

find the volume of the
-

↳ -

pyramid with base A 5
-S

a + b
,

and the

origin and height of an orthogonal unit vector.

Step 1 : Find orthogonal vector using cross product

"(1
,
3

,
2 x <3

,
1

, 4) =/
- (iili-15i/+1s %/

= (12 -z)i - (4 - 6)j + (1 - 9)k

=

10i + 2j - 2k

=

<10
,

2
,
->

~ tep 2 :

convert ortrogonal vector to unit rector

Step 2A : Find magnitude of orthogonal rector

2n =x(e()2
M = 64

n = 168

Step 2B: Divide original rector by magnitude to convert to unit

rector

-

10 ,

2
,

-0 = U



Step3 : Use definition of cross product to find area of bare
of pyramid

Two
rector

a
arbitrary

->5
S

magnitude of cross product is equal to parallelogram formed by
them - i

b L (a +b)
S -

↳S

area =|a xb)

Note that if angle between 9 and 5 is zero
,

the area is zero

this relates to the other definition of a cross product :

lax) = /allbleino

if = 0
,

then rino = o
,

then lax51 = 0

From Step 2A
,

we know the magnitude is not
Therefore

, the area of the bare is t

Step 4 : Use Formula V = IBh to find Volume

In)=1 because it is a unit vector

So
,

V = =4624 . 32



4.2 [Aadhiti]
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5 Lines and Planes (12.5)

5.1 [Daniel K]
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5.2 [Jeremy]
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5.3 [Jeremy]
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5.4 [Daniel F]
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5.5 [Jacob]
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Explanation:

First we must the gradient vector at the point (2,1)

Next we must determine at what unit vector will that directional derivative be maximized, since
we know that the directional derivative is the gradient vector dot a unit vector, we can also
determine that the dot product of these two vectors is equal to the product of the magnitude of
these two vectors and cosine. Since we are trying to maximize cosine must be equal to one
because that is the greatest cosine can be.

Therefore we can determine that the direction which will maximize the directional derivative is
when the gradient vector points in the same direction as the unit vector. Thus we turn the
gradient vector into the unit vector, which is the direction that will maximize our directional
derivative.



5.6 [Rahul]
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5.7 [Vansh]
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Determine the equation for a plane that goes through the point (1, -2, 3) and is at right angles to the 
planes represented by the equations 2x + y - 3z = 12 and 4x - 2y + z = 7.

Point = (1 , -2 ,3) Planes ->I E
Step 1 : Find Cross product to obtain

the normal to planes as the third

Place is orthogonal to
both ,

(2) + (i) = (a)= (ii)
Step
2:

= (=8)
Now

,
we can

obtain the eq of the

new place using the normal and point
formula .

given will
a
= [a ,

b
, c) , Po(no, %,20

↓

a (u - ro) + b(y-30) + c(z-2)
= 0



Hence , equation of plane is

- S(n - 1) -1(y + z) - 8(z
- 3) = 0

- Sn+ S-1y-28-82
+ 24 = 0

- Sn-14y-82 + 1 = 0

-Sx -14y -82 = 1

Is the eq of
the place

that is

orthogonal
to 2n+y-32 = 12

and un-zy+2 and also

passes through (1 , -2 , 3) .



6 Calculus of Parametrics (13.1-2)

6.1 [Ashlee]

6.2 [Nishan]
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Let ri= <x() , y(A) ,
2 CA)] represent an objects position

at time t, where x(t) = - + +&t YCt)= (4
-r2(t) = e* + 48

a) find r-(t)
- (i + (40)1By r-Ch = i + + = (-2t+ 4) : +) ~t
r

45

compute derivatives using power and
Chain rule

b) find the distance of the path of the object
from time ti: 2 to t = 3 [the distance of the path

ti - is just the arc length
Sal L= 1)") dt- in 3d]

ty

1 : SinoE2+ 2 drr
2

In472 - 16t+16 + 40- + 46

factoring out a 4 makes
:Sin a4( +2 = 81 + 16) quadratic easier to factor]

2

: 29
!
Me dr 2 S, trHdt : +"-4tI2(t -3)

2

]-22-0)) [integral power
rules



7 Multivariable Functions and Level Sets (14.1)

Uh-oh no one did a problem on this topic! Make sure to review it (maybe no one did it because no one
remembered how it works 0.0)
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8 Limits, Continuity, Differentiability (14.2)

8.1 [Mustafa]

38





8.2 [Kaycee]

40



 0m
in the direction u 0,37 In wordsexplain where f increases

olution 1
Theeauation for a directional derivative is bufcx.gs faxy u
with foxy Cfx Fy If i tof

fcx.gl 3 3y ya

ya

ay o o

fx Ex3 3 y 3 3 y Ex492
Fx sincewe are changingin x keepingy

constant y o
f x ax'y

fy Ey3 3 y 3 3 Eyy Ey492
Fy O y 3 3 I Ey sincewe are changinginy keeping

constant Ex o
i

a

fy 3 3 Ey
3 combine fx fy and u in the directional derivative equation

bufcx.gs faxy u

Cfx Fy u

i eases me tastes

since the gradient vector points in the direction of greatest
increase f will increase the fastest in the direction of the
gradient vector

n

since going in the direction of the gradientvector will
increase f the fastest the maximum rate of change
is given by

I i a I 1296112 a 3413 8197 I
I 0,371 I finding the magnitude ofo 312

t fa.at

The maximum rate of change of f psia is a



9 Partial Derivatives and Chain Rule (14.3,5)

9.1 [Daniel K]
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9.2 [Dillon]
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find t it z = f(X
,
y
,
k) r = 2 sinO

x = x(r
, 5) and = = cos(2t)

y = y(r,5)
k = k(r,)

Step 1 : Write out tree diagram of relationships :

Z 1 I is function of X
, Y , k

-Y E X
,
4
,
K are functions of wandsj R ~ is a function of 8 ,

I is ce function

d !td't
of t

Step 2 : Find t
Note : Due to equality of mixed partials , could find First

, up
to preference.

Step 2A : Identify all paths for E using tree diagram

Z

X-Y k

r ↓ - all ways a change in 8 affects I/

O

-

Ir

d
I ↓

L W
W

path 3
path I pathz



Step IB
:

Begin to apply chain rule :

↳=
-
path I path 2 path 3

Step 2C: Find t to simplify

r = 2 sin&

↓ = 22050

d

Step 2D : substitute

↳ + or + zos

Step 3 : Evaluate record derivative

() : (-cosa) ((2cort]+ ( (20ra]
--

Part A Part B Part C

Step 3A : Evaluate Part A :

2cost does not depend on t. treat as constant
,

more out
.

zcos (**]



Apply product rule :

25 /** -
use chain rule to evaluate x ↓

Is

- ↓It
use chain rule to evaluate to ,
I

↓
Substitute :

zso/(t )+ )]

Step 3B :

Evaluate Part B

((z0s]
=zcos(t]

=zos(+ ]
Use chain rule to Evaluate t



-!
use chain rule to evaluate t

an
I

=I = Gr
I

S

Substitute : I

zcora[y+ )+
Part 3B

-((z0]
= zcos(r]
= zo58( ] - product rule

Evaluate I E

k
= I



Evaluate ↳
- I

- I

Substitute :

zo5[ ) )]
Part 4

Find 5 = co5(2t)1
= -sin(2t)

dt

substitute into Part A
,
B
,
C

.

I'm not going to do all the substitution and simplification
u

because my
hand hurte from writing & its just tedious. When

simplifying ,
mixed partials are equivalent.



9.3 [Keshav]
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9.4 [Nishan]
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2 is a function f(x
, y) which nus continuous

third order partial devivatives -
find 82 ↳ eTr L

If X = 3tr2 and
y

=

to

38 Intious

62 82

E: -
= Estre ECYD

Since 2 is a

- ↑

Gr 54
function of x14; we

have to take partial
02 deviratives with respect

Tr
I 6t+ 65 (2) ↑(i) to x and 43

.

EE)
+ a = = [I] : + I 6q

2 20 - 67
+ 29(4)

[for finding these parrals
, treat I and Ge 2X 24

-Y as any variable]
Ev[] let vie : ) =E =x 6 + + 2

,
4ar

E = 6= Gor/6t+ Ery) +468+24)zw2 byGX

622
Note .= Ea applies

WY

= 65+ 36tr- + 2405222 + 24t22 + 16
it

-

=x 2x0Y
E

instead of 648x 0+
2

22 = 6 + =(fx) + 3652
adding new variables , fxx and fyy will be622 used

zr
? -

+ 3672 5fxx
+ 245622oy"
-

- +24tr(fx)- -r
6 +84

pordner rul

+24+ =[6x + 162(f+4)

8084stswt Stay at a r
+2 e

8084
54

6 *

Calor coded mylights
.
correspond to expanded partial devivatives

2 Y



9.5 [Rahul]
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9.6 [Kamron]
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Question: Find the partial derivative of z with regard to r and s. Use the chain rule to
determine the equation.

1. Draw a box diagram showing all the potential “paths” to find the partial derivative of z
with regard to r and s.

2. Begin by choosing between r or s. We will start with r then move to s. Write out an
equation depicting the partial derivatives which will comprise the final equation for the
partial derivative of z with regard to r.

3. Find the partial derivative of z with respect to x and y.

4. Find the partial derivative of x and y with respect to r.



5. Rewrite the equation from step 2 using the derivatives we found.

6. Simplify

7. Now we solve with the variable s. Write out an equation depicting the partial
derivatives which will comprise the final equation for the partial derivative of z with
regard to s.

8. Find the partial derivative of x and y with respect to s.

9. Rewrite the equation from step 7 using the derivatives we found in step 3 and 8.



10. Simplify



9.7 [Aadhiti

60







9.8 [Vansh]
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Consider a differentiable function, Z(u, v) = (u^3) + (u^2)v where u and v are related by the equations u 
= (p^3)q and v = (p^2)+ (1/q).  Use the chain rule to express the partial derivatives ∂Z/∂p and ∂Z/∂q 
when p = 1 and q = 2.

2 = u + uv u = pq ,
r =p+ -

Need to find 62/6p and 6269 when

P = 1 and q
= 2 ,

Step 1 : Set up chain role expressions

22
= 22xz+ x-

du ↓P
↓P zu

62 ->12
= Grx but
x
29

29 zu

Step 2 :
Evaluate the partial derivatives

12 2

&
=

3n+ LUV - - U

du CV



fu = 3qp d =

B

IP

GV
= 2p zV - I

-

-P Jop
=

gr

Step 3
: Find final expressions

E =Butzur)(pt+ (u2) (2)

= (urtzur() + (ut (i)
Step & :

Evaluate possible wadues
U = pig so when p=/ q=

2

n
= (73(2) = 2



V= p2 + t =(1 + I
=

Step 5
: Finally use these

values to find the final answer

E = (3(z)
-
+ z(z)(z))((((((11)+ (2)i(2)

E= (3(2) + 2(2),=)(i) + (2) (i)

E = (12 + 6)(8) = (i)(t
-(1)(6) + 8

= 116



E = (1)(1) + (4)(i)
=18 - 1 = 17



10 Tangent Planes, Directional Derivatives and Gradient (14.4,6)

10.1 [Zachary]
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10.2 [Alvaro]
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 Tangent Planes

Given a surface S S E IR
S z f x y IR IR
n P Xo Yo Zo E S

n C E X AS X Xo ACE YAS yay
P Xo Yo Zo EC n Pao yo Z ECz

Giner a surface S with equation Z f x y
maps inputs x and

y
to output 2 which exists

3 dimensions I dimension in output space and 2

dimensions in input space and there exists a point
P Xogo Zo the point P lies on the curve C

as a result on the intersection between the
plane X Xo and lies on the curve C2
as a result on the intersection between theplane

g j
z

safety
I



Intersecting plane Xo with s to get G

z

if fÉ
Xo I I

Intersecting plane To wit S to get Cz

z

g fit iftar
I I

T O G o tangent
n T2 O G
Ti Tay ET To S

If T is the tangent line to the curve G

and T2 is the tangent line to the curve Cz
then the tangent plane T at point P
contains both T and TL



T2

Iitffa T

É
If any plane R passes through point
P Xo yo Zo then

A X Xo BCy To C Z Zo O

x Xo Ely yo Z Zo o

x Xo Ely yo 2 20 0

Lx Xo ELY Jo Z Zo

a I n b Be
x Xo Y got a ex Xo tbCy yo

a x Xo t b ly yo Z Z

TE al x Xo tb g yo Z Zo
T n X X Xo

T X X b ly yo Z Zo
a o t b ly yo Z Zo

T E bl y y Z Zo b fy Xo To



Try y go
TzEa X Xo tb y y Z Z

a x Xo tb o Z Zo
Tze acx Xo Z Zo a fx Xo To

If any plane that passes through the point
Pl Xo Yo Zo can be described with
the equation a X Xo tbly yo Z Zo

then the tangent plane can also be described

with the same equation If the previous
equation represents the tangent plane then
the intersection between the tangent plane
and the plane X Xo must be the tangent
line T Similarly the intersection between
the tangent plane and the plane 4 90
must be the tangent line Tz



Find the tangent plane at point 100,0
at surface z cos x y y

flag cos ay y
falxy cosey y

y Ews x.gs
ysinxy

x

gasinky
fx 100,0 o sin roo o

f ay ask y y
lose.gs ytcosCxys 2yly
ysinxy zycxg tcosCx y
gxsinky t cos x y

f 100,0 o 100 sin 100 o cos 100 o

I
s z z acx Xo tb Cy yo
TI Z Z o x Xo I lyyo a 0,5 1

Z Zo Y Jo
s Zo f 100,0 100



10.3 [Alvaro]
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 Directional Derivatives and Gradient

Given a surface S with equation
z fCx y If we want to find the

rate of change of Z at a point
PCXo yo in the direction of an arbitrary
unit vector it a b we need

to consider that the plane that passes
through point P in the direction of
it intersects s in a curve C the

lope of the tangent line of the curve as

a result of the intersection of the plane
hat passes through point P in the
direction of it is the rate of change
of Z in the direction of it

Daflxo aligoflothaiyoghblflag
where I Za b

Dyflx y fix g at f x ylb



where it a b

The Gradient Vector

ca Das flag f x g atfycx.glb
n a EIR M La b
F EIR T fxcx.gs fyCxyD
T T f x g atty x y b
Daf x fax.gl fycx.gs a

Lfa cap flay If
Diffley If.ir



Find the directional derivative and gradient in
surface z ex J t Xy at point 0,0
in directions O E O Ig and 0 0

Dyflxyl Tf I

n If Lf xy f x y
n te e ca b

s f x y ex J xy
filmy et I x

n fy x y ex sty

7f cetTtx etty

s a ca b it gg
tsin

n O E
it cost sin I O E

ÉcisIisings o I

I I
6



it cos 0 sin 03 O O
3

2 1 O

Daffy Tf it O E
Let I x etTty c o I

et J t y
Duff o o do Ho Ie

DafCxg Tf ta D I
Let It x ex Tty Bz Is

Dif 10,0 5269 o I C E toy
I I BIG

Dieflag OFF 0 0

Let I x et Tty c 1 o

Cet I x t o c et J t y
Duff o o eld c o If



10.4 [Elaine]
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Suppose that over a certain region of space
the electrical potential V is given by V(X, y , z) =

2x2+ yz + xyz : (a) Findthe rate of change of the
potential at P(1 , 1 , -1) in thedirection of the rector
v = (3 , 4 , 5) -

↳
find Vx

, vj , Vz]
SOLUTION · yV = /4X+ YE , FIXE, y+Xy which is the gradient of f.
--

-v(1 , 1 ,
- 1) = 4 + (1)(- 1) (1) +(1)(- 1) , (1)

+ (1)(17)e E S

Pluginde
I

·? or
,

) : (3 , -2,2)&
a

4 ,
I & P

using v= 31 do the dotdirectional L fa + 16 + 23

derivative and product to
2jthe formula - : solve !

remember
to find

theof
-distance +z2

v- /x.
+ y



10.5 [Elaine]
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Dimensions of a rectangularHolly are measured to be 50 um
,

60 cm , 40 ca each measurement is correct to within
0 . 3 Om . Use differentials to estimate the largest possible
error when the volume of the box is calculated from these
measurements .

I volume of box = XYE so
aV = Ydx+ dy-A dade

=y zdx
+xzdy +xydz

-> Since (x10 .3 , loy) =0 -32 1 z1 =0 . 3
.

-> Estimation of largest error in the volume is made by
making dX = 0 . 3

, dy
= 0 . 36 &7 = 0 . 3 I

X
=

80 y = 60 z = 40 .6
a calculating the error of thetotal volume

which is about al
using the values above .

OV = dV = (60) (40) (0 - 3) - (80) (40)10 - 3) + (80)(60) (0 .3)
=

720 + 960 + 1440 =51
-

Thus an error of 0 . 3 cm in measuring each dimension
could lead to an error of approximately 8120cm3 in the
calculated volume !

& solution !!
-



10.6 [Mustafa]
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10.7 [Jacob]
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Explanation:

First we must find the normal vectors so we can cross them and use the normal vector produced
by those two vectors to write the equation of the plane which is perpendicular to the two planes
and passes through the desired point.

We can rewrite it in the standard form of a plane equation (Ax + By + Cz = D).

Now we take the coefficients of x, y, and z to get the normal vector for both of the planes.

We can find the normal vector for the plane we want (perpendicular to both of them). The
normal vector of our desired plane will be the cross product of other planes normal vectors

Now, we can use this normal vector and the point to write the equation of the plane.



10.8 [Kaycee]
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Question Find the limit Imy o.o 275
É Éppodch this problem we want to check if the limit exists by approaching from
different directions to see if theyequal

1 check if the limit exists at x o
him
ay cao 2 7 2 Fa 0 cx.gl tidy

2 check if the limit exists at y

tide that wechanged lim

sima cao sista a

tepee check if the limitexists at y x

Tx so.at x2 0

since approaching f fromthese directions areequal they do not tell us whether or not
a limit exists since we still need to approach f from multiple directions we canswitchto
carcoordinatestoconfirm the limitequals too we can use poor coordinates because it allows
s to approach a point from any direction whenever we have two variables in our
function Therefore we can use the following to save

x roose
y rsin a
ra x2 ya

4 substitute in polar coordinates

limo Wggggint notice tim
ixy say II a

Iim
v o tgina
him riffinga

limo cosag.rsne

f.sosine
Oz

since the jingo lugsgggin so we can confirm that

lim
xy o.o 243 0



11 Maxima and Minima (14.7)

11.1 [Keshav]
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11.2 [Daniel F]
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