Fall 2021 MATH241 Discussion

This document can be found on my website, named as “Discussion notes”. If needed, I will
update further information in the same document.

Time & location
e Section BDH: TR 3-4pm, 441 Altgeld.
e Section BDI: TR 4-5pm, 441 Altgeld.

Contact

e FEmail: xinrand@illinois.edu. Please included MATH241 and your section number in
your email subject. If you don’t get a reply in two days, feel free to send me a reminder.

e Any math question should be post on Campuswire because it can be answered
much quicker than email and we TAs can type math symbols on Campuswire.

e Office hour: Wed 4-6pm on Zoom.'

Covid related

e Face mask is required all the time during discussion.

e Face shield is in general not acceptable unless one holds a DRES accommodation
letter.?

e According to university policy, student who does not wear a proper face
covering will be asked to put on one or to leave the class room.

e If the student refuse to leave, I’'ll have to dismiss the class and report this
to the undergraduate office.

e In the case one tested positive, status can be checked by your instructor. I'll have to
verify it before giving any excuse of being absent due to covid.”

Worksheet

e I will print copies and bring it to the classroom.

You’ll find group number written at the up right corner.

If you prefer to work on a electronic version, you can find the worksheets on Moodle
under ” Worksheets” folder.

e The worksheets are long and you might not be able to finish them in calss, so you
don’t have to write down every single step.

Solutions will be avaliable on Moodle at 5pm after discussion sections are done.

e Ask for hints when you get stuck on a problem.

1Office hour is run for all students in MATH241, regardless of section.
2See accommodation below for more information.
3 Also see the grading section below.


https://xinrany.github.io/home/teaching/math241-fall2021.html
mailto:xinran4@illinois.edu
https://campuswire.com/c/GBBB7BD79/feed
https://www.disability.illinois.edu
https://www.disability.illinois.edu
https://learn.illinois.edu/course/view.php?id=60948

Grading

Attendance is required in order to get full grade for discussion.
You shouldn’t come to the class if you are sick.

The lowest 4 scores will be dropped in order to remediate unforeseen illness,
change of location or any possible reason for missing a class.

If you were ill for more than 4 classes and want to see if you could be excused from
that, you’ll need to provide documents such as DRES letter to your instructor.

Worksheets will be graded in a scale of 0-5. They are not graded for correctness.

Most likely you’ll get a full mark. In case you are interested, here is a sample grading
scale:

5 Most likely you'll get a full mark

4 Being late or leave early for 15 min

3 Being late or leave early for 25 min

2 Being late or leave early for 35 min

1 Not doing anything at all during the class

0 Not showing up for any reason.

Accommodation

Please contact the Disability Resources & Educational Services (DRES), if you need
any sort of accommodation.

You'll need to email both your instructor and me once you get the accommodation
letter.


https://www.disability.illinois.edu
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Worksheet 1: Calculus 1I review

Chain rule

If h(z) = g o f(x), then
W(x) =g (f(x)) - f'(2)-

Arc length of parameterized curve

Given a parameterized curve (z( ), then the arc length between (x(a),y(a)) and

(z(b), y(b)) is
y 2
/ \/ dt) dt.

First and second derivative tests

We use the first and second derivative tests to determine local minimum and maximum.
First derivative tests. Compute f'(z) = 0 to find critical points.
Second derivative tests.

e If f”(x) > 0 for all z in the interval, then f is concave upward = local minimum.

o If f”(x) < 0 for all x in the interval, then f is concave downward = local maximum.

f(x)

f//>0

<o

Taylor series

x 1(n) (g
= Z ! n'( )(xfa)n
n=0 '
[ (a)

= f@)+ (@) (@ —a)+ 15 (z —a)? + 3!“ (@ —a)® 4 -

Substitution rule/Change of variable

[ #a@) - g@ s = [ fa)du

Let u = g(x), then



Open discussion: Sep 2nd

1. Find the angle between the planes 2x +y + 2z = 3 and 4y + 3z = 1.

Hint: Use normal vectors.
2. Determine if the following vectors lie in the same plane or not:
a=(1,4,-7), b=(2,-1,4) and ¢ = (0,9, —18).
Hint: Consider a - (b X ¢), draw a picture represent b x c.
3. Find a counter example for the following:
axb=axc = b=c

—
Hint: Consider a triangle ABC. Let ﬁ =a, CA=Db and (@ = c. What is
ax(b—c)?

4. Derive the following formula:

e Area of a parallelogram determined by the vectors a and b:

Area = Ja x b|.
Hint: Notes that a x b = |a| - |b|sin#.
e Volume of a parallelepiped determined by the vectors a, b and c:
Volume = |a- (b x ¢)|.

Hint: Try to find the height of this parallelepiped.



Open discussion: Sep 16th & Exam 1 checklist

1. Find the following limit or explain why it does not exsit.
2 _ 2
° lim %
(z,y)—(0,0) T2 + ¥

DNE. Hint: Approach (0,0) along x = 0 and y = 0 respectively.

2 9
¢ lm =X WV
(z,y)—(1,1) e =y
y 20 —wy—y* 2e+y)z—y) . 20 +y 3
. 11m ) ﬁ = 11m _—/ - 11m ) — = —
(z,y)—(1,1) T Yy (z,y)—(1,1) (l y)(l + 1/) (z,y)—(1,1) T+ Y

. 2?2 +siny
° lim _
(2,9)—(0,0) 322 +y

DNE. Hint: Approach (0,0) along = 0 we have

. 22 + sin Y . siny
lim ———= = lim = 1.
(x,y)—(0,0) 3x2 + Y y—0 vy
Approach (0,0) along y = 0 we have
. x2 4+ siny | 1
lim ——=1Ilm-——=—.
(z,9)—(0,0) 322 +y x—0 32 3

2. Determine whether the following functions are continuous at (0, 0) or not.

Y it (e, ,
R
0 if (z,y) = (0,0)

The function is not continuous at (0,0). Hint: use y = ax.

1 1
xsin—+ysin— ifxy #0

o flz,y) = y z
0 ifzy =0

The function is continuous at (0, 0):

(z,y)—(0,0)

0.

! 1
xsin — + ysin —| < |z| + |y
Y x

5"
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Open discussion: Sep 21st

1. Let f(z,y) = €™ and g(z,y) = f (sin(a? 4+ y),2* 4+ 2y + 1). Compute g,.

Hint: This question really tests your understanding about composing functions. If
you write

(](1‘, 7/) _ esill(x2+,y)(173+2y+1)

everything should be familiar.

2. Let f(x,y) = 2%y. Find the derivative of f in the direction of v = (3,4) at the point
P=(21).

(3,4)

01‘5

3. Find the direction for which the directional derivative of f(z,y) = 322 — 4xy + 2y? at
P = (4,1). What is the maximum value?

Vf(z,y) = (6z — 4y, —4z + y),
Vf(P)=(-1,2).

The maximum value of the directional derivative occurs when V f and the unit vector
point in the same direction. Note that

Dyf =|Vf|cosh,6 e [-1,1].

We can take cosf = 1, i.e. # = 0 to maximize the directional derivative. The maximum

is the magnitude |V f(P)| = /5.

4. Given a differentiable function f(u,v), and let g(x,y) = f(x cosy, sin(z)+x2y). Using
the following information to compute Vg at P = (m, 27).

J1 g | fulle
(m,2m) 110} 4]0
(—mam®) |32 1] 2

Chain rule:
Vy(@,y) = (92(,9), gy (2, y))
- <.f’u(uv U) . U’-’l?(wf U) + f,U(’LL, U) : Uilﬁ(l.v l/)* f’u,(uf /U) : Uy(‘/L.a 1/) + f’l’(uv U) : U@/(‘/L,', U)>

Note that you need to use the value of f,, f, at the point (u(z,y),v(z,y)) = (—x,473)
not at the point (7, 27).

Vg(P)=(1-cos2m +2-(cosm+2 -m-27),1-7-(—sin2nm) +2-7%)
= (47? — 1,27%).



5. Open-ended question:

e What is an intuitive explanation of the 1-dimensional chain rule?
Could it be generalized to the chain rule in higher dimension?

We only care the value of f locally when finding its derivative. In a sufficiently
small neighborhood U around z, f is approximately a linear function. And notice
that the chain rule works for linear functions!

For higher dimension, chain rule is essentially matrix multiplication. It is beyond
the this course but if you're interested search Jacobian matrix.

e What is a geometric intuition for directional derivatives? Say f: R? — R.

If the domain is 1-dimensional, say y = f(x) then we know f’(x) gives the slope
of the tangent line. The 2-dimensional generalization of a tangent line would be
a tangent plane T.

Say we are considering the directional derivative V. f(P) The extra vector v
appear in the directional derivative gives a slicing plane A (the plane A is passing
through the point P and parallel to the z-axis and v). The directional derivative
is given by the intersecting line of the tangent plane T" and the slicing plane A.

To see a figure, visit this clickable link.



https://math.stackexchange.com/questions/1952498/geometric-intuition-for-directional-derivatives

Open discussion: Sep 23rd

1. Let P be a point in R?. Given that D o) f(P) = % and Dy _4 f(P) = 4. Compute
D oy f(P).

Using definition of directional derivatives, we have

5 = Do (P) = VI(P)- (1,0),
4= Doy f(P) = V1 (P) 15—y} = VI (P) - (0.-1).
Decomposing (3, —2), we have
L R =

2. Suppose f is a differentiable function. Let v be some unit vector. At some point P,
suppose |V f(P)| = 10 and Dy, f(P) = 5v/3. What is the angle between V f(P) and v.

Let’s call the angel 6, then

w

cosf = vf(P>'V _ D (P) :f

Vi)Vl VP 2

3. Prove that magnitude of directional derivative Dy f is the same as component of its
projection proj,, V on v. That is comp, Vf = D, f.

Vf-v

comp, Vf =|Vf|-cosd=|Vf]|- W

=Vf-v=Df.

4. Let z = f(z,y). Prove the gradient is always perpendicular to the level curves.

Take the level curve given by ¢ = f(z,y), where ¢ is a constant. Suppose we
parametrize the level curve using the variable ¢, then

¢ = fz(t),y(t))-

Take derivative with respect to ¢ on both sides, we get

0= fu(z(t),y(t) - «'(t) + fy(x(t), (1)) - y'(1)
= VI (2(t),y(@®) - (2'(1),y' (1))

Note that (2/(t),y'(t)) gives the tangent direction of the level curve.

10



5. Use gradients and level surfaces to find the tangent plane of the graph of z = f(z,y)
at P = (20, Y0, 20)-

Consider the function
g(iL’,y,Z) - f(lvy) -z

The graph of z = f(z,y) is exactly the level set g=1(0) = {(z,v,2) | g(x,y,2) = 0}.
The previous question also generalize to 3-dimension (you can prove this using the
same method). We know the normal vector n to the surface is given by

v.g - <g:z:7gyagz> - <fr7f1/a_1>

So the equation of the tangent plane is

fo(P) - (& = x0) + fy(P) - (y — o) = (2 = 20) = 0.

11



Open discussion: Oct 5th & Exam 2 checklist

I took the problems from an MIT open course. Here is the detailed solution. I won’t type the
solution again. The plan is to go through these two problems in detail on the blackboard.

For each problem ask yourself the following question:
e What is the function f we are trying to maximize/minimize?
e What is the constraint function g? (We require g = const.)
Then
e Set L = f — Ag and write down the equation VL = Vf — AVg = 0.

e Find critical points of L and determine if it gives the maximum /minimum.

1. Find the maximum and minimum values of f(x,y) = 22 + x + 232 on the unit circle.

2. Find the minimum and maximum values of f(z,y) = 22 —xy+y? on the quarter circle
2 +y2=1,2,y>0.

12


https://ocw.mit.edu/courses/mathematics/18-02sc-multivariable-calculus-fall-2010/2.-partial-derivatives/part-c-lagrange-multipliers-and-constrained-differentials/session-39-statement-of-lagrange-multipliers-and-example/MIT18_02SC_pb_46_comb.pdf

Exam 2 (Aeckt)t

L@ww,ﬁw(/w, Cpxedf/bn,
69/70414‘@ p,;*fz’\b 7nax . seman 57//97/

&wxywz‘a 777[.
\Q L‘W//m o o /L«/ace.f

at /ooziu‘ P

Cr’ﬁ’w?awfe, /&a/f/a/ erivalsies

N

/z a;«//or e/x/w/on —~v Linear / 2aA Z;;f:ex .

fond oritical ports —~ second derivative fest
(Ja/d&—/a/}vf', %CA( +2, Mn_)

22;/&7& Mﬁ/ﬁ&f —> o cal /pa/kt‘ on a. dsc

Lecal, botive KLeestsvn
Given o Mevel cerves 0//}47/'%
it mire the portial clerivatives ave +.-,0
claisifog e crtical ponts




Open discussion: Oct 19th

22 2
1. Let C be the portion of the ellipse T + % = 1 in the fourth quadrant, counter
clockwise. Evaluate the line integral of F(z,y) = (x + y,1 — ) along the curve C.
Parameterize the curve as (2cost, 3sint), ¢ € [37,2n]. Then

/(F dr= _/(;F(r(f)) -r'(t) dt

27
= / (2cost+ 3sint,1 — 2cost) - (—2sint,3cost) dt

J3n

5T

2m
= / (—2sin(2t) + 3cost — 6) dt =5-3m

2. Find a potential function f for the vector field F = (2x + 2y, 2z + 2y).
Hint: Set Vf = F, and we obtain

f=a"+2ay+y* = (x+y)>

3. Let C be the portion of the counter clockwise circle 2% + y? = 25, from A = (5,0)
to B = (3,4). Using the above f and F, verify the Fundamental Theorem of Line
Integrals, i.e.

[ par= s - fa),

c

Hint: Parameterize the curve as (5cost,5sint), t € [0,60] where § = arctan(3). Then
RHS = (3+4)? — (5+0)? = 24,

0
LHS = | (10cost+ 10sint,10cost + 10sint) - (—5sint, 5 cost) dt

0
0 )
= / 50(cos® t — sin® t) dt
0
0
= / 50 cos(2t) dt = 50sin 6 cos 0 =24,
0

The above computation used double angle formulae.

14



Open discussion: Oct 28th

1. Compute the following integrals

1 1
. / / xmax(z,y) dA.
o Jo

Divided the unit square into two regions by the line y = x. Then

//:rmax:rydA //:r Jd?/dl‘-i-/ / r-ydydz
:/L(il+/ O;de
Jo Jo 2

1 V122
o / / cos(z? + y?) dy du.
o Jo

Identify the integral region: R is the quarter disk in the first quadrant.

co| w

// cos(z? +y*)dA = / cos(r?) rdrdf (using polar coordinates)
5 1 - 2
= 5 cos( ) dudf (change of variable u = r¢)
Jo
1
:/ 5 (sin(1) —sin(0)) d0
0o 2
sm( )

2. Identify the integration region.
3v1—22 1— z2 y/3)2
/ / / dV = / / / dzdydx
3V1—z2 zz (y/3)2
R is an ellipsoid.

The integral with re s‘p( ct to x gives x € [ ] Using the upper and lower bounds
for y, we can write y? < 9(1 —22) i.e. 22+ ” < 1. Similarly, 22 < 4(1 — 22 1’9 )
gives 2 +” +—<1

2 1 p2—r2
° /// dV:/ / / dzdr dé.
R 0 o Jr

R is the region bounded by a cone and a paraboloid.
— z€[r,2—7?] gives 22 + y? < 22 (cone) and z < 2 — 22 — y? (paraboloid).
- re[0,1].
— 0 €[0,2m].

15



Exam 3 Checklist

b
i Line integral / Fl@y)ds = / (), y(0) - 7' ()] dt.
C a
e f:R™ — R is a scalar-valued function.
e r(t) is the parameterization of the curve C.
e - is scalar multiplication.

Arc length. Take f = 1.

b
Vector integral / F.dr = / F(r(t)) -r'(t) dt
C a
e F:R™ — R"” is a vector-valued function.
e r(t) is the parameterization of the curve C.
e - is dot product.

Fundamental theorem of line integral. / Vf-dr= f(r(b)) — f(r(a)).
C

Conservative vector field. If F = V f for some scalar-valued potential function f, line integral
only depends on endpoints.

Double integral // fdA, where dA = dxdy = r drdf.
R
e R is a 2d region
e Write the integrand f as f(x,y) (in rectangular case) or f(r,#) (in polar case).

e The upper and lower bounds of your variable can be non-constant values e.g.

W2 pr2(y)
/ / f(z,y) dz dy.
Jyi1 Jxi(y)

However, the last integral always has constant bounds, as our final answer is a constant.

Change order of integration. Figure our the region of integration R first!!

Tripple integral // fdV, where dV = doxdydz = r drdfdz = p?sinp dpdpdd.
R

e I?is a 3d solid body.

e Similar comments as in the double integral.

Transformation law // flz,y)dA = // f(z(u,v),y(u,v)) - |det J| dA
R S
e J is the Jacobian matrix given by {/L.“ ;I;I’} .
Yu Yo
e - is scalar multiplication

e There also a transformation law for triple integral.

4Other topics required to know: how to parameterize a curve, compute potential function.

16



Worksheet: Nov 18

Comments on computing the flux integral in Q1.

Compute the normal vector using partial derivatives and make it a unit vector by dividing
its magnitude. Note that we want the normal vector to be a unit to match the statement
of the divergence theorem; and to match the physical meaning of flux.

Since the surface S; is a parameterized by r(u,v), using knowledge from Nov 8’s lecture,
the unit normal vector is given by

Iy X Ty
n=——
‘r’ll >< r'l"

(Not to calculate the magnitude yet, as it will be cancelled later.)

and the infinitesimal element of surface area is given by
dS = |r, X r,|dudv.

Hence,

// F-ndA= // fu st v, x r,|dudv (substitute in n and dJS)
Sl Sl ‘r“ Xr ‘

:// F-(r, xr,) dudo.
S1

As you may have noticed, I haven’t used any explicit value of the parametrization r. So the
last line is valid in general when you have a parametrization for the surface.

17



Exam 4 & Final Exam Checklist

° Parametrization of a surface Given a surface S parameterzied by r(u,v).
Normal vector. r,, X r,. (This may not be a unit vector.)

Infinitesimal element of surface area. dS = |r, X r,|dudv.

. oOF, 0F, O0F3
Di divF = — 4+ — + —.
ivergenece v or ay + B
o F = (F, F,, F3).

e div F is scalar-valued.

i j k
Curl curl F = % 6% %
B B

o F= <F'17F25E5>~

e curl F is vector-valued.

Green’s theorem / F.dr :/ Pdr+Qdy = // <@ - @> 45
. g p\dx Oy

e (' is a curve that is positively oriented, piece smooth, simple, and closed.
e D is the region enclosed by C.

e F = (P, Q) a vector field with continuous first order partial derivatives.

The divergence theorem // F-ndS = /// divF dV.
S D

e S is a surface that is positively oriented, piece smooth, simple, and closed.
e D is the solid region enclosed by S.

e n is the outward pointing, unit, normal vector to S.

e F a vector field with continuous first order partial derivatives.

e The LHS is called teh flux integral of F.

Stokes’ theorem / F.dr = // curl F - n dS.
c D

e (' is a curve that is positively oriented, piece smooth, simple, and closed.
e D is the region enclosed by C.
e n is the outward pointing, unit, normal vector to C'.

e F a vector field with continuous first order partial derivatives.

50ther topics required to know: how to parameterize a surface, compute divergence and curl of a vector
field.

18



Changing order of integration without drawing

Let’s take the following integral as an example.

9 rz? py
/ / f(z,y,2) dzdyda.
oJo Jo

Now the integrating order is z,y, x. Using the integral, we obtain the following inequalities:

/y~~~dz —0<z<y (A)
. 0
/l dy = 0<y<a? (B)
, 0
/O dz <2< ©)

Let’s change the order of integration to be x,y, z:

Lower bound of z. Inequality, (B) gives \/y < z; inequality (C) gives 0 < x. Since
0 < /¥, the lower bound of z is /7. °

Upper bound of z. Inequality (C) gives < 9. So 9 is the upper bound.

9
— [ e
VY

Lower bound of y. Inequality (A) gives z < y; inequality (B) gives 0 < y. Since 0 < z,
the lower bound of y is z.

7

Substituting the upper bound of x

81

Upper bound of z. Inequality (A) gives z < y. Substituting the upper bound of y gives

z <y =281
81
== dz.
J

Upper bound of y. Inequality (B) gives y < 22
gives y < 22 = 81. So 81 is the upper bound.

Lower bound of z. Inequality (A) gives 0 < z.

Hence ©

9 rx? sy 81 81 ;9
/ / / f(z,y,2z)dzdyda = / / / f(z,y,z)dedydz.
o Jo Jo Jo J2 Sy

6Intuitively once the variable reaches V¥, it may not descent further.

"When we compute the definite integral with respect to x, the answer does not depend on z, since we
substitute in the upper and lower bounds.

8Check it on a triple integral calculator if you don’t believe it.
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