
Mathematics 317 — Midterm 2 — 50 minutes

March 14, 2025

• The test consists of 10 pages and 4 questions worth a total of 33 marks.

• This is a closed-book examination. You are allowed to bring in and use one
formula sheet (this sheet should be reasonable: for example you shouldn’t
need special glasses or intsruments to read it). None of the following are
allowed: documents, formula sheets other than the one you came with, or
electronic devices of any kind (including calculators, cell phones, etc.)

• No work on this page will be marked.

• Fill in the information below before turning to the questions.

Name

Signature

Section

Student number
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Solutions



Please do not write on this page — it will not be marked.

Additional instructions

• Please use the spaces indicated.

• If you require extra paper then put up your hand and ask your instructor.

– You must put your name and student number on any extra pages.

– You must indicate the test-number and question-number.

– Please do this on both sides of any extra pages.

• Please do not dismember your test. You must submit all pages.

• Smoking is strictly prohibited during the test.

Page 2 of 10



1. For each statement below, say whether the statement is true or false. If
it is true, give a reason why it is true (this reason could include “this is a
theorem in the book” or “we proved this in class”). If it is false, supply
a counterexample that demonstrates that the statement is false. You may
assume that all vector fields in the follow statements are reasonable: they are
continuous and that all derivatives of their components exist.

(a) 2 marks Let U ⇢ V ⇢ R2 be open domains. If a vector field ~F is

conservative on V , then ~F is conservative when restricted to U .

(b) 2 marks Let U ⇢ V ⇢ R2 be open domains. If a vector field ~F is not

conservative on V , then ~F is not conservative when restricted to U .
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True Econservative on V means there is a functionf on V such
-

that Fif =E then + restricted to U is a potential function for

E restrict toU

Else : F =( > is not conservative on V="-10,01

but restricted to U = 12- Spos . X-axis is conservative with potential

function O .
(We discussed this in class).



(c) 2 marks Suppose the domain of ~F is R3 minus the z-axis. If curl ~F = ~0

then ~F is conservative.

(d) 2 marks Suppose the domain of ~F is R3 minus the z-axis. If
H
C
~F ·d~r =

0 for all loops C, then ~F is conservative.
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ey, , 0) is a counter example ,

it has curl-t but it is not

conservative (domain is not simply connected).

Is : This is a theorem we proved in class .
It holds for any domain.



(e) 2 marks Let S be the sphere {x2 + y2 + z2 = 1} oriented outward.

Suppose that the flux integral
RR

S
~F ·d~S = 0, then for all points (x, y, z)

on the sphere ~F (x, y, z) · hx, y, zi = 0.

(f) 2 marks Let P be the plane {x+y+ z = 1} oriented upward. Suppose

that the flux integral
RR

S
~F ·d~S = 0 for every closed and bounded region

S ⇢ P , then for all points (x, y, z) on the plane ~F (x, y, z) · h1, 1, 1i = 0.
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Fe : F = 10,
0

, 1) is a counter example since F . Nis not zero at the north pole

and Since W = <X, 4,z) SE .d = (10,
0
, 17 · <X, 4,

2)ds = JJzdS = O by symmetry zi-z.

Ie : W= 41,
1
,
1 · Suppose for the sake of contradiction that F(x0, 70 ,70 · <1 ,

1
,130

for some (No ,Yo,70) · Then by continuity,
F(X4,2) : /1,

1
, 1)0 for all (412) E Ba(Yood)

where Ba(Xocho , zr) is the ball of radius & centered at Noo, zo) and 230 is sufficiently small.

then let SCP be BaltooE)P so)Fonds = ))F . S,
1
,
13 dS is non-zero since

S

F-11 ,
1
,
1) is a non-zero continuous function on S . This contradicts the hypothesis so E(Xo otol ·(1,

1
,1) = 0

*(to, 40,z0) +P
.



2. (a) 4 marks Find the values of the constants A and B such the the vector
field

~F = e2x+3y hA+ 2x+ 2z, Bx+ 3z, 1i

is conservative.
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Since the domain of Ei R3 which is simply connected
,
E is conservative = carIF-

We can compute curlf directly or with cullfil = Afx + fix with f=e*2G = (A+2x +2z
,

Ba+ 32
, 1)

11↑f = e
***
(2 ,

3
,
0)==,

Af + G = e
*x+3) = e(3-2,

2Bx + 32) - 3At

= e2x
+ 34 (3,

-2
,

(2B -b)x + b(z - 3A-/)]

so GE = e
<*+

3)< -3 + 3
,

2-2
, (B - 3A) + (2B-b)x) = 22x

+34(0 ,
0
,

(B- 3A) + (2B-b)x)

So B = 3A and

2B = 6

=> B = 3 A = 1



(b) 4 marks Recall that ~F = e2x+3y hA+ 2x+ 2z, Bx+ 3z, 1i. Using the

values of A and B found in part (a), compute the line integral
R
C
~F · d~r

where C is any curve starting at (1, 1, 1) and ending at (2, 2, 2)
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A= 1 B= 3 F = (e2x+

34 (1 + 2x+ 2z) ,
e2x+34(3x+3z)

,
e24

+34)

we want flyyiz) with

① fx = e
2x+3 (1+ 2x+2z)

② fu = 22x+

3y(3x + 3z)

③ fz = e2x
+ 34

③ E flyy,z) = ze
2x+3

+ g(x,b) = fy = 3ze
<+3y

+ gy(x,4)

then8 => e2x
+

34 (3x +(z) = 3xe2*
+34

+ gy(X, y) = gy(X,4) = 3xe2*
+3 = g(x,y) = Xe2x

+3
+ h(x)

so f(xyiz) = ze
2x+3y

+ ye
2x+34

+ h(x)

=> fx = Ize
Ex+3yEx+by

+ 2xehy + h(x = (l + 2x+2z)ex + h(X) so the = h(X) =0 Soh(x) = constan
which we may

assume is 0.

= f(x,y,z)= (X +z)e2x
+34

so SF.di : f(2,
2
,2) - f(1,

1
,1) = 4e"- ze

C



3. 5 marks Let R be the rectangle in R3 with vertices at (0, 0, 0), (2, 0, 0),

(0,�4, 3), and (2,�4, 3) oriented downward. Let ~F = hxyez, 7� 4xy, 6 + 3xyi.
Compute the flux integral

RR
S
~F · d~S.
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AZ R has a constant Normal vector which we can get

10 ,-4,3
-

by <2, 0
,07 x 70,

-4
,
3) (and then make a unit vector

-

O

-

= 10-6-010-6-0 :N

- so n= 0
, - ,

- *)

F. = (xye*,
7- 4xy ,

6 +3xy) · (0. -E, )

= 0 - =(7 - 4xy) - E(b +3xy)

=- 2 + Exy - 2 - Ex = - =9

so JSF .d = Finds = -gJds = -9Area(R Ri a rectangl with side Lengtha

and NT" = 5 So AreaR =10

SSEd = -9

Or parameterize R : F(X, b) =< X, y,
-3 y) 0:X = 2

, -42y20

Ex = (1 ,
0

,
07

Ey =0
,

1
,
-3

,
7

Exx
y

= 30, ,1) opposite from Jod=Sy,
7-4,btxy)-d

=If[-(7-M)-lbts]dy
= (- - 6) dyax =-

= - 42 - 48 =
- 90



4. Let S be the part of the cone z =
p

x2 + y2 which is contained inside the
cylinder x2 + z2 = 1 and has x � 0 and y � 0. Assume that S is oriented in
the downward direction.

(a) 4 marks Find a parameterization of S (be sure to include the domain
as well as the vector valued function).
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=> r1
Az ①(r, 0) = (rcose ,

using, r) X+E 1 = ricose rel
Itcost

rt

domain: 00- X
,40

or- wo me,

domain : 2x+y= 1
,

X30, y30.

for use in the next part: Er = (cost, sint
, 17

To =<-Using,
rcost,0)

Exo = )-rcoso,
-using,

r) opposite from N

Ex = 4 ,
0,egh)

Ey = 10,
1 , This

Exxy =7 ,

1 opposite fromi



(b) 4 marks Compute the flux integral
RR

S
~F ·d~S where ~F (x, y, z) = hzy, zx, 0i.
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①(r, 0) = [rcoso ,
using, r7

F = < rising,
recoso

,
Oh

domain: 0:OI SE.d=Usin,
ricos

,
)- -roo,

usino-r)de

or

Exo = )-rcoso,
-using,

r) opposite from N =Szusinocosoda

=So sin cooT

=Scdo U = Io. .

du = -2cossing &f

=I=

② F(x) = <X
, y ,
Ni

F = Syn ,
X,
0

domain : 2x+y= 1
,

X30, y30.

Exxig =[F ,

1) oppositedom (SE .d :SJ <y,
X,) , 1) dadh

Sx
-

=SS'xyda

=S ya

= [iy"-ty]! = I- =


