Midterm 2 — Math 2400 — October 23, 2017

On my honor as a University of Colorado at Boulder student I have neither given nor
received unauthorized assistance on this exam (please print your name).

Name: AN\ Sl /L\(; G

J

Please select your section:

O 001 K.BERG .............. (8 am) O 009 J. PACKER ............ (1 pm)
O 002 P. LESSARD ........... (8 AM) O 010 A. BRONSTEIN ......... (1 pm)
O 003 H. STALVEY ........... (9 Am) O 011 A HEALY ............. (2 PMm)
O 004 C. BLAKESTAD ........ (9 Am) O 012 T. DAVISON ........... (2 PMm)
O 005 L. ROBERSON ........ (10 am) O 013 5. WEINELL .x:usassnne (3 PM)
O 006 H. STALVEY .......... (11 am) Q 014 T. DAVIBON +uxsneussssn (3 pm)
O 00T T, KLOTZ sesnsnninssn (8 am) O 015 A. BRONSTEIN ......... (4 pm)
O 008 J. BELCHER ........ (12 NooN)

In order to receive full credit your answer must be complete, legible and correct. You should show
all of your work, and give clear explanations, except for the multiple-choice or true-false questions.
This is a closed-book exam. Papers, note cards, books, calculators, phones, headsets, or
other electronic devices are not allowed.

Problem | Max. points | Points

1 12
2. 14
3 8
4 13
5 12
6 10
7 9
8 6
9 16

Total 100




(1) Let f be a real-valued function of two variables  and y such that f(0, 0) = 0. In each of the

following questions, deduce the correct conclusion. Circle the correct answer in each case.
(a) (3 pt.) We calculate that for every m in R,

}71—13(1) f(z,mz) =m.

From this we may conclude:

(A) - )ﬁ(oo)f(m Y) =
(B) ,yl)grfo 0)f(ﬂc ,y) =0

The function f is continuous at (0, 0)
The limit, hn%0 ) f(z,y), does not exist
(E) none of the above

(b) (3 pt.) We now choose a particular fixed m in R and calculate that
ilirtl) [z, me) =3,
From this we may conclude:
A z,y)=3
(&) i o f@y)=

(B) @ ’1)111%00)f(9C ,y) =0

(C) The function f is continuous at (0,0)
(D) The limit, ( l)im f(z,y), does not exist

i z,y)—(0,0)
@none of the above

(c) (3 pt.) We calculate that
11_1% f(rcos(8),rsin(f)) = 3.

From this we may conclude:

z,y) =3
(m,y)—+(0 0) f( y)

(B) = ,1)1%0)f(“’ ,y) =0

(C) The function f is continuous at (0,0)
(D) The limit, , 1)111%0 ) f(z,y), does not exist

$7y —) £

(E) none of the above

(d) (3 pt.) We calculate that
lim z,y) =0.
(@y)—(0, O)f( ) =
From this we may conclude:
A 2,7%) =3
4) , Jim F@ Y) =
B)  lim fzy)=1

(z,y)—(0,0)
The function f is continuous at (0,0)
The limit, lim f(z,y), does not exist
(z,y)—+(0,0)
(E) none of the above



(2) The graph of f : D — R is shown below, where D C R? is the domain of the function f.
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(a) Determine the sign of the partial and directional derivatives for the function f at (a,b)
from the graph of f. Circle the correct answer in each case.

(i) (2 pt.) fa(a,b) (i) @.) Dy f(a,b) for u= (~1,0)
(A) positive (A)/positive
(ég) negative ) negative
C) zero (C) zero.
(i) (2 pt.) fy(ab) (iv) (2 pt.) Duf(a,b) for u=(F,*F)
(A) positive (A)positive

(B) negative ((B) negative

@ | Zero Z€ero

(b) (3 pt.) One of the pictures below is a contour map of f, that is, one picture is a graph
consisting of plottings of various level curves for the function f. Circle the correct

contour map.

(A) (©)

(e 2

X

%@

y

(c) (3 pt.) Assuming the entire graph of f is shown in the picture at the top of the page,
the domain D of f is (Circle the correct answer):

AA) aline (C) a circular disk
@afxirectangle , (D) a sine curve



(3) Let f be a continuously differentiable function of two variables z and y defined on R2.
Suppose
Vf(-2,0) = Vf(1,0) = (0,0), and foe(1,0) = —2, and fue(-2,0) = 5.
(a) (5 pt.) Sketch a possible graph of the curve z = f(z,0) in the zz-plane given below.
You need not justify your reasoning.
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(b) (3 pt.) Let f be as defined in part 3(a). Which of the following statements about f

cannot be true? Circle the correct answer.

(A) f attains a local maximum at (1,0)

(B) f attains an absolute maximum at (1,0)
Q)\f has a saddle point at (—2,0)

(D) _f attains a local maximum at (—2,0)

(E) f attains a local minimum at (—2,0)



(4) (i) (10 pt.) Suppose
u(z,y, 2) = zy + 2z + Yz, z(s,t) = st, y(s,t) = e, and z(s,t) = 2.

Calculate % at s =0 and t = 1. Be sure to justify your reasoning.
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(ii) (3 pt.) Which of the following is the equation of the tangent plane to the surface
2z +y + 2z = 5e™* — 5
at the point (—1,0,1)? Circle the correct answer. X 2

{
(A) s+y+22=1 953(*%*&%— o8 == XK%

(B) o+ 6y +22 =1 Ao X4z
“ﬁ'/“f}"<<9v - 5%26  |-5ye
(D) 2z +2y —3z=1 ne |

Z
(E) 2¢+6y+22=5 &’ 6¥\&€7(\a{— %

2(x+\) 4D *&é“()’;g
QALY TIZ = ~

34t2



(5) (i) (3 pt.) At what point in R3 is the tangent plane to the graph of the function
fla,y) =2 +y* +ay—z+4y

horizontal? Circle the correct answer. o ‘ / & Mot 2o \_‘/C:(?
a//y:;).;“f ‘:{7 Fore ) ~
(A) (2,3,29) VA ~>
C/‘”(?Bz’ —3, —7) \/"g'!v/“'» ~—3> — ‘_/\/ (“ I'e (—-/\( = l/} ,\,
(C) (_21 3v 21)

- N g &N C'-),>
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(i) (9 pt.) Over a certain region of space the electrical potential V' is given by
V(x,y,2) = 23° — 2zy + zyz.

Let P be the point with coordinates (1,2,3). In which direction does V' increase most

rapidly at P, and what is the maximum rate of increase? Be sure to justify your
reasoning.
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(6) (10 pt.) Find the local maximum and minimum value(s) and the saddle point(s) of the
function

1
fla,y) = 52" +3y° + 9y* — 3zy + 9y — 9.
Be sure to justify your reasoning.
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(7) The quantity @ of a product manufactured depends on the amount of capital K and labor
L used according to the equation

Q(K,L) = 10K5 L3,
where K > 0, and L > 0. Suppose that capital costs $20 dollars per unit and labor costs
$50 per unit, and that the total budget is $1000. Therefore the constraint is

20K + 50L = 1000.

In each question below, circle the correct answer.

(a) (3 pt.) The gradient of the function @ is:

AABKT L5, 4KELT)
T (B) 6KF L} +4K3LF
(C) (6K3L%,4K3L3)
(D) (10K L3,10KEL%)
(E) none of the above
(b) (3 pt.) The Lagrange Multiplier equation is:

(A) (6K L3 +4K%L_T3) =170

‘@)/@K%L%AK%L?) = A(20, 50)
(C) (6KEL3,4K3L3) = A(50,20)
(D) (10K L%, 10K$L%) = A(20,50)

(E) none of above
(c) (3 pt.) The maximum of the quantity @ of the product manufactured occurs when:
(A) L=30and K =8

((B)£ =8 and K = 30 | |
(C) L=20and K =0 \ | < (35 | =

(D) L =30 and K =2
(E) none of the above



(8) Let

f(z,y) =2z + 3y™.
(a) (4 pts) Let R = [0,2] x [0,2]. Use a Riemann sum with m = n = 2 to estimate
the value of [ [ » f(x,y)dA. Take the sample points to be the lower left corners of the
sub-rectangles in the Riemann sum.
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(a) (2 pts) Now calculate the actual value of the double integral

/ / [2z + 3y°] dA.
: 0,2]x[0,2]
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(9) (i) (7 pt.) Set up, but do not evaluate, the double integral to compute the volume of
the solid S bounded by the cylinders

z = y? and y = z? and the planes z =0 and z = 3z + 2y.

Be sure to justify your reasoning.
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(ii) (9 pt.) Evaluate the double integral

3 9
/ / y cos z2dzdy.
0 Jy?

Be sure to justify your reasoning.
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