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18.02 Problem Set 4 due Thurs., Mar.11, 2-106

Part I (15 points)

Lecture 12. Thurs. Mar.4 Max-min problems; least squares approximation.
Read 19.7 to bottom p. 693; Notes LS Work: 2F=1b,572G=1¢,4

Lecture 13. Fri. Mar.5 Second-derivative test; Lagrange multipliers.
Read: 19.7, pp.694-5; 19.8 (omit Example 3) Work: 2H=tad; 2I-1a,+4a

Lecture 14. Tues. Mar.9 Chain rule.
Read 19.6 (omit Example 4) Work: 2E-1b,.2¢; 3b,.5a; 7 8a-

Lecture 33. Thurs. Mar.11 Chain rule for non-independent vars. Read: Notes N.1-.3

Part IT (20 points)
Directions.  Try each problem alone for 15 minutes. If you subsequently collaborate,
solutions must be written up independently. It is illegal to consult problem sets from
previous semesters. With each problem is the day it can be done.

Problem 1. (Thurs. 3 pts: 1,2) (Problem 3b on Problem Set 2 done by another method)

Place a cube of edge length 1 in the corner of the first octant of zyz-space, so that
one vertex is at the origin, and each of the three vertices adjacent to it lies on one of the
coordinate axes.

As before, take two skew diagonals in two faces — the front-face diagonal containing
(1,0,0) and the right-side-face diagonal containing (1, 1,0); the problem is to find the length
and position of the shortest line segment joining them.

a) Sketch the cube (use dashed lines for the coordinate axes, solid lines for the 12 cube
edges). Write parametric equations for the two lines containing these two diagonals, using
in each case the given point as the base point on the line. It will be necessary to use two
different variables, ¢ and u, as the parameters for the two lines.

b) Let w(t, u) be the square of the length of a line segment AB joining a point A on the
front diagonal with a point B on the side diagonal. Find the unique critical point (¢g, ug) of
the function w(t, «), and from this determine the corresponding position and length of the
minimal line segment AgBg. Draw it on your picture in dashed lines.

(Problem 3a below asks you to show the critical point is a minimum point.)

cr’

Problem 2. (Thurs. 7 pts: 1.5,1.5,3,1) Uses MatLab.

el
Before going to the terminal: Study pp. LS. .13 and do the following:

a) Let x=[z1 22 ... &, y=[v1 92 ... ], i=[11...1(n1ls).
Let Y = aX + b be the best-fitting line through the n points (z;,y;). Translate the
equations (4) on p. LS.2 into a single 2 x 2 matrix equation Az = r, z = [o,b].

Write the entries of A and r in terms of vector operations on x,y, and 1i.
(Use dot products, not summation signs. For example, > z; =x- i’ .)

At the terminal: Take with you the two-sided sheet “Directions for using MatLab”
given out with Problem Set 3B (also posted on the 18.02 web page).

The cost of U.S. first class postage for an ordinary one ounce letter over the forty years
from 1970 to 2010 is given by the following table, which shows for each postal rate the first
year in which it appeared:

1 C t4, =0 C =

/

;(

Z,L/



Prpreet™]

J

2

08 (1971) .10 (1974) .13 (1975) .15 (1978) .20 (1981) .22 (1985) .25 (1988) .29 (1991)
32 (1995) .33 (1999) .34 (2001) .37 (2002) .39 (2006) .41 (2007) .42 (2008) .44 (2009)

b) Using MatLab (or an equivalent program that gives printout, like Maple or Math-
ematica), make a scatter plot of this data (i.e., just plot the data points; put a * at each
data point). To get a decent result, use as the scales: x = number of years after 1970, y =
postage in cents.

c) In Matlab, enter A and r, and calculate a and b, using part (a).

Then plot the line ¥ = aX + b, superimposed upon the scatter plot (use the “hold”
command). To do this let ¢ = [0 : 1 : 45] and plot the function a =t + b. Note down the
values of a and b. Get a printout and on it, write the equation of the line and label the two
axes. On this printout, include the results of part (a).

d) What does the model predict for the postage rate in 2013, the year you graduate?
Note it on the printout.

Problem 3. (Fri. 3 pts.: 1,2)

a) Verify using the second-derivative test that the critical point you found in Problem 1
is actually a minimum point for w(t, u).

b) Work 2H-2; you’ll need to use the result in Exercise 1B-15, which you can accept
without proof.

Problem 4. (Fri. 3 pts.: 1.5, 1.5)

A surface given by an equation f(z,y,z) = ¢ can be thought of as a level surface for
the function f(z,y,z).

Suppose the point A : (a,b,c) is not on the surface, and we want to find the point
Py : (zo, Yo, z0) on the surface which is closest to A. The way to do this is (as in Problem 1
above) to find the point Py minimizing the square of the distance w(z,y, z) = |AP|?, since
this leads to easier computations than minimizing the distance |AP)| itself. (Here P is a
general point on the surface.)

Suppose this minimum problem is solved by Lagrange multipliers.
a) Give the four equations of the Lagrange method.
b) Show they can be interpreted as saying that
the minimizing line segment AP, is perpendicular to the surface.

Problem 5. (Tues. 4 pts: 1, 1, 2)
Let z=ucos¢p—vsing, y=wusing-+vcose.

a) Write this variable change in matrix form:  (z,y) = (u,v) M, where M is a matrix.

b) The vectors i’ = (1,0) and j’= (0,1) in the uv-coordinates correspond to what
vectors in the zy-coordinates? Calculate and draw them in the zy-plane.

c) As part (b) suggests, the uv-axes are just the zy-axes rotated through the angle ¢.
Show using the chain rule that this change of variables does not change the length of the
gradient vector. That is, if for any differentiable function w(z,y) we calculate Vw(z,y) in
zy-coordinates, or make the above change of variables and calculate Vw(z(u, v), y(u,v)) in
uv-coordinates, we get the same value for the length-squared of Vw at every point P:

(wa)? + (wo)? = (ws)? + (1,)?
(As we did in two previous problems, its suffices to work with the square of the length rather
than the length itself.)
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3/10/10 10:57 PM MATLAB Command Window 1 of 9
>>a=[14 58 11 15 18 21 25 29 31 32 36 37 38 39];
»>> b=[.08 .1 .13 .15 .20 .22 .25 .29 .32 .33 .34 .37 .39 .41 .42 .44];
>> plot(x,y)
??? Undefined function or variable 'x'. (j ]&’ # %
>> plot(a,b) a/ 0 \ge
>> plot{a,b'*") ; o ’
299 Tkt T )
??? plot(a,b ) _ ¥ {
| (NAG d L d9
Error: A MATLAB string constant is not terminated properly. &
>» pletla,b,"*"} W/ fU)‘j }
>> A=[x*x' x*i' x*i' n]
??? Undefined function or variable 'x'.
>> X=a
X =
1 4 5 8 11, 15 18 21 25 29 31 32 36 37 38¥
39
>> y=b
y =
Columns 1 through 11
0.0800 0.1000 0.1300 0.1500 0.2000 0.2200 0.2500 0.2900 0.3200¥¢
0.3300 0.3400
Columns 12 through 16
0.3700 0.3900 0.4100 0.4200 0.4400
>> A=[x*x' x*i' x*i' n]
??? Undefined function or variable 'n'.
>> A=[x*x' x*i' x*i' 2]
A=
1.0e+004 *
Columns 1 through &
1.0298 0 - 0.00011 0 - 0.00041 0 - 0.00051 0 -«
0.00081 0 - 0.0011i

Columns 7 through 12

0 - 0.0015i 0 - 0.00181 0 - 0.00211i 0 - 0.00251



2/10/10 10:57 PM

0.00291

Columns 13 through

0
0.00391

0.00321
O P

0.

Columns 19 through

0
0.00151

0.00041
a =

0.

Columns 25 through

0
0.00321

0.00211
0 -

0.

Columns 31 through

0

0.00371

>> r= [X*y' y*il]

1.0e+002 *

Columns 1 through 5

1.2070
0.00151

Columns

0.00321

Columns

0.00411

Columns

0

>> hold

.00314

6 through 10

0.00201

11 through 15

0.00331

16 through 17

0.00421

Current plot held
>> t=[0:1:45]

- 0.00361

- 0.00051

- 0.00251

- 0.00381i

MATLAB Command Window 2 of 9
-—
0 - 0.00371 0 - 0.00381i 0 -¥
0 - 0.00081 0 - 0.00111 0 -k
0 - 0.00291 0 - 0.00311 0 -«
0 - 0.003%91 0.0002
P

- 0.00081

- 0.00221

- 0.00341

- 0.00441

0 - 0.00101 0 - 0.0013i 0 -¥
0 - 0.00251 0 - 0.00291 0 -«
0 - 0.00371 0 - 0.0039i 0 -k



’

3/10/10 10:57 PM MATLAB Command Window 3 of 9
Columns 1 through 18
0 1 2 3 4 5 6 ¥ 8 9 10 11 12 13 14 ¢
15 16 17
Columns 19 through 36
18 19 20 2. 22 23 24 25 26 27 28 29 30 31 32¢
33 34 35
Columns 37 through 46
36 37 38 39 40 41 42 43 44 45
>> plot (a*t+b)
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> plot (a*t+b)
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> a*b
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> a*t
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> a.*t
??? Error using ==> times
Matrix dimensions must agree.
>3 a.*.
T2T ATk,
I
Error: Expression or statement is incomplete or incorrect.
>> A*t
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>3 a.%t
??? Error using ==> times
Matrix dimensions must agree.
>> a
a =
1 4 5 8 11 15 18 21 25 29 31 32 36 37 38 ¢



3/10/10 10:57 PM

MATLAB Command Window

4 of 9

29
>> a = [1 4 5 8 1. 15
38 39 45])
a =
1 4 5 8 L 15
39 45
>> a.*t
??? Error using ==> times
Matrix dimensions must agree.
>> A.*r
??? Error using ==> times
Matrix dimensions must agree.
>> A=[x*x' x*i' x*i' 2]
A =
1.0e+004 *
Columns 1 through 5
1.0298 0 - 0.00011
0.00081
Columns 6 through 10
0 - 0.0011i 0 - 0.0015i
0.00251
Columns 11 through 15
0 - 0.00291 0 - 0.0031i
0.:.00373
Columns 16 through 20
0 - 0.00381 0 - 0.0039i
0.00051
Columns 21 through 25
0 - 0.00081 0 - 0.00111

0.00211

Columns 26 through 30

0 - 0.00251 0 - 0.0029i

18

18

21

2

25

25

.00041

.00181

.0032i

.00011

.00151

.00311

29

29

31

31

32

32

.00051

.00211

.00361

.00041

.00181

.00321

36

36

27

37¢
38«

0 =
0 -¥
0 -¥¢
0 -¥
0 -¥
0 -¥



3/10/10 10:57 PM

MATLABR Command Window

5 of 9

™ 0.00361
Columns 31 through 34
0 - 0.00371 0 -

5> r=[x*y| Y*i']

1.0e+002 *
Columns 1 through 5

1.2070 0 -
0.00151

Columns 6 through 10

0 - 0.00201i {0 =
0.00321

Columns 11 through 15

0 - 0.0033i 0 -
M 0.0041i

Columns 16 through 17
0 - 0.00421 0 -
>> A.*[a b]
??? Error using ==> times
Matrix dimensions must agree.
>> A.*[a b]'

??? Error using ==> times
Matrix dimensions must agree.

1.0e+004 *
Columns 1 through 5

1.0298 o -
0.00081

Columns 6 through 10

0.00381

0.0008i

0.00221

0.00341

0.00441

0.00011

0

0

0

0

0

0.00391

0.00104

0.00251

0.00371

0.00041

0.0002

0

0

0

0

0.00131

0.00291

0.0039%91

0.00051



3/10/10 10:57 PM MATLAB Command Window of
0 - 0.0011i - 0.00151 0 - 0.00181 0 .00211 - K
0.00251
Columns 11 through 15
0 - 0.0029i - 0.00311 0 - 0.00321 0 .00361 - ¥
0.00371
Columns 16 through 20
0 - 0.00381 - 0.0039%91 0 - 0.00011 0 .00041 -
0.00051
Columns 21 through 25
0 - 0.00081 - 0.0011i 0 - 0.00151 0 .00181 -
0.00211
Columns 26 through 30
0 - 0.00251 - 0.00291 Q; = .00311 0 .0032i -
0.00361
Columns 31 through 34
0 - 0.0037i - 0.00381 0 - 0.00391i 0.0002
>> A=[x*x!' x*i' x*i' 2]
A =
1.0e+004 =*
Columns 1 through 5
1.0298 - 0.00011 0 - 0.00041 0 .00051 - K
0.00081
Columns 6 through 10
0 - 0.00111i - 0.0015i 0 - .00181 0 .00211 - ¥
0.00251
Columns 11 through 15
0 - 0.00291 - 0.00311 0 - 0.00321 0 .00361 - K
0.00371
Columns 16 through 20
0 - 0.00381 - 0.00391 g - .00011 0 .00041 - ¥

0.00051



3/10/10 10:57 PM MATLAB Command Window 7 of 9

Columns 21 through 25

0 - 0.0008i 0 - 0.00111i 0 - 0.0015i 0 - 0.00181 0 -¥
0.00211

Columns 26 through 30

0 - 0.00251 0 - 0.0029i 0 - 0.00311i 0 - 0.00321 0 -«
0.00361

Columns 31 through 34
0 - 0.00371 0 - 0.00381 0 - 0.0039i 0.0002

»» 1 = [1 1]

>> A=[x*x' x*i' x*i' 2]
??? Error using ==> mtimes
Inner matrix dimensions must agree.

>>» n=39

39

>> 1i=[1:1:39]

Columns 1 through 18

vl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ¥
16 17 18

Columns 19 through 36

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 ¢
34 35 36

Columns 37 through 39
37 38 39

>>ifr111111111111111111111111]
e i1 131 111113131371 21°1 11311131 1)



3/10/10 10:57 PM MATLAB Command Window 8 of 9

Error: Unbalanced or unexpected parenthesis or bracket.

>» i=f1111212111111111212111111111)

Columns 1 through 18

s i=f1 1224 1+332.2323F4%:32 2P 3L 22301 %232 E L]

Columns 1 through 18

Columns 19 through 36

Columns 37 through 40

- T (R R R S (R N 1 < P s S T O PO B (S O T T P P (O . L PO I (s (s s e s e [ O

Columns 1 through 18

Columns 37 through 39

>> A=[x*x' x*i' x*i' n]

1

I

1¢

1K



3/10/10 10:57 PM MATLAB Command Window

9 of 9

??? Error using ==> mtimes
Inner matrix dimensions must agree.

>> n=16

16

>>i=(1111111111111]

5> Am[x*x? x*ir ‘x*i' n)
??2? Error using ==> mtimes
Inner matrix dimensions must agree.

>>
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18.02 Problem Set 5 due Thurs. Mar.18, 10:45 2-106

Part I (15 points)

Lecture 15. Thurs. Mar. 1§° Chain rule for non-independent variables.
Read: Notes N.1-.3 (N.4 optional) Work: 2J-1a, 2i,ii(for (a) only), 3a, 4a, 5a, 6, 7

Lecture 16. Fri. Mar. I Double and iterated integrals in rectangular coordinates.
Read: 20.1, 20.2, Notes I.1 Work: 3A-lad, 2b, 3b, 4c, 5a

6
Lecture 17. Tues. Mar.23 Double integrals in polar coordinates
Read: 20.4, Notes .2 Work: 3B-1lad, 2cd, 3be

Part II (20 points)

Directions.  Try each problem alone for 15 minutes. If you subsequently collaborate,
solutions must be written up independently. It is illegal to consult problem sets from
previous semesters. With each problem is the day it can be done.

Problem 1. (Thurs. 6 pts.: 1.5 each ) Using the usual rectangular and polar coordinates,
let w be the area of the right triangle in the first quadrant having its vertices at (0,0), (z,0),
and (z,y).

Using the equation expressing w in terms of = and y, and the equation expressing ¥ in

terms of = and 6, calculate the two partial derivatives (—i’%) and c‘;_t;) in three
]

different ways: b
a) Directly, by first expressing w in terms of the independent variables z and 6;
; . w Oz a
b) by using the chain rule — for example, (%)9 = Wy (5;)9 + wy(a—g)a, where
wy and w, are the formal partial derivatives;

“¢) by using differentials: get two equations connecting dw, dz, dy, and df, and use them
to eliminate one of the differentials, getting a single equation connecting the remaining
differentials, from which the answers can be read off.

; ; : L e T ; Aw Aw
d) Using the triangle picture and geometric intuition, estimate (E) and (5)
from the picture, and show they agree with the two corresponding partial fierivatives. ‘

Problem 2. (Fri. 3 pts.) A rectangular prism is made by taking a long piece of wood
with a rectangular cross-section, sawing off one end perpendicularly to the four sides, and
the other end at an arbitrary angle (so that the four long edges have in general four different
lengths).

As an exercise in using double integration, use it to show that the volume of the prism is
the product of its cross-sectional area and the average of the lengths of the four long edges.
Hint: place the prism so that one long edge lies along the z-axis, and the perpendicular end
lies in the first quadrant of the zy-plane. So that everyone will use the same notation, let

a = length of the edge lying along the z-axis;

b = length of the edge lying along the y-axis;

z = Az + By + C be the equation of the plane forming the slanted top of the prism.

Problem 3. (Fri. 2 pts.) Evaluate by changing the order of integration:

1 M
[[ V1+yidydr .
0 Jiz
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2

Problem 4. (Fri. 3 pts.: 2.5, .5)

The picture shows a quarter of a cylindrical log, whose perpendicular cross-section is a
quarter of a circular disc of radius a. A wedge-shaped piece has been cut out of the end, by
a cutting plane making an angle & with the perpendicular
end of the log.

Find the volume of this wedge-shaped piece by using
double integration. Place the log and piece with respect

to the coordinate axes as shown in the picture. /

When a = 7/4, what is the volume? To check whether this is
a reasonable answer, find the volume of the tetrahedron
(%ba.se % height) having the same four corners as the wedge.

Problem 5. (Tues. 6 pts: 2,2,2) Work the following problems:
a) 20.4/9 (cf. p. 564) :
b) 20.4/15 (cf. formulas at top of Exercises 3B in the Notes)
c) 20.4/31a
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Practice for exam 2

Q\!J (] 5 U 1)
Ex1. Let f(z,y) = 2°y® + 2 + ¢°.

a) Find critical points of f and say wether they are local min, local max or saddle points.

b) Find where the minimum and maximum of f are attained on the unit circle 2® 4+ y? = 1 using Lagrange
multipliers.

¢) What are the minimimum and maximum values of f in the unit disc 2® + 3* < 1?7

Ex2. Let$=ﬁ:r,y) satislying V f(1,2) =< 3,1 >. Consider 2 new variables u, v,
a) Express %ﬁand %5 at the point (z,y) = (1,2) in terms of @y, Ty, Yu, Yo-
b) Suppose v = (z +y)/2 and v = (z — y)/2 What are the value of %15 and —g{ at (z,y) = (1,2)?

Ex3. Find the volume above the graph z = 2 4 y* and below the plane z = 4.
1 px . ¥ .
Ex4. Evaluate [ [ e¥/(\/y —y)dydz by changing the order of integration.

Ex5. Let T' be the triangle (1,0), (0,1), (1,1) with density é = 1.
a) Find the center of mass.
b) Find the moment of inertia around the z-axis.
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18.02 Problem Set 6A due Thurs. Apr.8, 10:45 2-106

This problem set should be done before Exam 2, since the material will be included on the
exam. It has Part I problems only, so you will have solutions available. Problem Set 6B will
be given out Tuesday Mar. 30, with the later material not included in Exam 2. Hand in 6A
and 6B stapled together, on Apr. 8.

Part I (10 points)

Lecture 18. Thurs. Mar. 18 Changing variables in a double integral.
Read: Notes CV.1-3 (through Example 3, top p. 5). Work: 3D-1,3,5,9.

(Hint for 3D-9, not solved in the Notes:
Since the equations (21) in Notes CV are obtained by solving (20) for u and v in terms
of z and y, we can write

z(u(z,y),v(z,y)) = =, y(u(z,y),v(z,y)) =y .
Now use the chain rule to find the partial derivatives of both sides of these two equations

with respect to x, and also find their partial derivatives with respect to y. This gives four
equations in all involving partial derivatives.

Show that these four equations can be expressed by a single matrix equation
L VU ug uy ) _ (1 0
Yu Yu Vg Uy 01 '

(This is a good example of how matrices can be used to summarize and simplify a system
of equations. The matrix on the left is called the Jacobian matriz of x and y with respect
to u and ». There is no standard notation for it, but we will write it

es] = (& %)

The determinant of the Jacobian matrix is called the Jacobian

d(z,y)
A(u,v)

respect to u and v. Note that the vertical lines are not used in the notation.)

of z and y with

Finally, finish the exercise, by using the determinant law for any two n x n matrices A
and B: |AB|=|A||B| as directed in the exercise.

Lecture 19. Fri. Mar. 19 Physical applications of double integration.
Read: 20.3 Work: 3C-labe, 2ab, 4, 5 (cf. p. 565) .

Spring Break

Lecture 20. Tues. Mar. 30  Vector fields and line integrals in 2D.
Read: Notes V1; Textbook: 21.1

Problem Set 6B given out in lecture and posted.

Exam 2. Thurs. April 1 11:05-11:55 Walker 3rd floor

The exam will cover Lectures 9 - 19 on Partial Differentiation and Double Integration.
No books, notes, calculators; no use of cell-phones.

Practice Exam problems with solutions will be given out and posted Friday. Whatever
formulas are given to you to use on the Practice Exam problems will also be given to you
on the Exam 2 paper.
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~ 18.02 Exam 2 Thurs. Apr.1, 2010 11:05-11:55

Directions:

1. There are 3 sheets, printed on both sides: nine problenis in all.

2. Do all the work on these sheets; use the blank part below if truly necessary ‘Write down enough to
show you are not. guessing, .

_____ 3. No books, notes, calculators, use. of cell-phones, etc.” . . e

4. Please don’t start until the signal is given; stop at the end when asked to don’t talk unt11 your paper
is handed in.

5. When the exam starts, read through the exam and start with what you are surest of.

6. Fill out the information below now.
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- at the point

Problem 1. (10) For the function w = 2%y — zy®, find its dlrectlonal derivative —

P:(1,1) in the direction @ of the vector i+j.
B %
= v NE U
/‘é\)\/y ‘_’17( \/ -._.\/7

g TRETEA
Pl pts SN

Problem 2 (10: Y4,6) Some level curves for w = f(z,y) are shown, u is a unit dlatancé
a) At P, estimate the value of wy.
b) At @, draw the vector (Vf)q. "

T ¢ LA | chiay ot Cua
W\ % T —
7 Vl Lidlargg, o o |




Problem 3. (20: 3, 12, 5) Find the point P on the surface *+yz+3z—8 =0 which is closest to the

origin' by following the steps below. 9 P{ i2at , -

(a) It suffices to find the point P which minimizes the 5quare of the distance to the origin. Show this
leads to finding the point which minimizes w(y, z) = y2 + 22 —yz- 3z + 8.

(“"”l" (()f

a° \\ (lﬁm

o

“ 7(b) Find the point (yo,20) which minimizes w(y,2), and use it to find P.
(You don’t have to prove it is a minimum point.)

\/\/7' ,«+6 2o =0 0
\//2 = 6 t 22 % - 3 +0

:l* 1o 0
2/~2 0 O=2z-y y T;“&\
Clal  pts ﬁ‘22*/

(~1,-2) (“‘/“é) . (O

¢ (9% = ]2 =T 47 <G eninan ol (,/2)
() (2) ()(2/ ’i'j"‘@"' ‘_“{5'" ,

r\vbd (5 J Jfr/f'( [rj v F ".
J 0/ "

(c) If this problem is solved by Lagrange multipliers instead, give one of the equations involving the
multiplier A, and use it to determine the value of A corresponding to the point P.

) x 1 O +0 —) = )L
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o
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5 Problem 4 (10) Let w = f(z, y), where in turn z = 2u — 2 and y = uv.
If in a:_y—coordmates Vi = (2,3) at the point P : (4,0), find the value of Q"j’_ at the point in

w-cootdinates corresponding to P. ) ?O’; ! v
\,W =t b——\r’j’ b X —{" 7 ? L{ :' ?U " V?’ FJC(L / ? un ‘;‘.'rF-”/[
753/ 8 X \OV — J<uv-
. ‘Y P o ‘ ' )\:\’\[‘ -

S A i 122 (20(o

P 0y flf;‘.‘- [ra A4 d
Problem 5 (10: 5,5))

i = I . ] |

e \f H’ o nol  Indgpended - Jave - sore el

| a) Suppose flo.y2) = ({ Derlve a formula for (% in terms of the formal partial derivatives
v/ fzy fys [z, i.e., the derivatives taken as if z,y, z were mdepellrldént ﬁlse-th\am 1;1,@ Of dlfferentlfals

Olond . { (’“ (S ( 4 o [22) ol e
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ol g pmomr o | R e
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, 5 ‘.
~b) Lettmg z,y,7, 0 be the usual regtangular a.nd pola.r coordmates, calculate (a—;) - in terms of r

;.- ; /”Cfmlfm
and 0. /X,_/_Qi,@ _.*?‘?' S f ot
¥ S&e
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L e e
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‘ Problem 6 (10: 3,7) Set up a double iterated integral in polar coordinates which gives the volume of
the solid lying under the graph of z =16 —2? —y? and above the zy-plane, as follows.

a) Show the region of integration is the interior of the circle z? +1% =16..

b) Then set up the integral. Do not evai?atf; the integral.

" - Tk (!‘@;‘5,«
mn AL . '
(1 - -
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b g ol
.(."

; , 1 p1
Problem 7 (10) By changing the order of integration, evaluate / [ cos(y®) dydz .
' o JvEa .
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Problem 8 (10) A uniform metal plate has the form of an isosceles right triangle having its two legs
both of length 1; find its moment of inertia about one of its legs L, taking the density § = 1.

e e 2 el ) =
(Place the triangle in the first quadrant so the right angle is at the origin, and L lies along the y-axis.)
\ . : r .. ‘ y J\'
6: ’ ) . ,lﬁﬁe f‘.»“ . (/( . ‘; A = < ( . X 2 ; A(ﬁr d ﬂ, ' }
! - Yy IR '
/‘1495 ; Olpa o (_Jtiw!:;’
: \ i J
5 ° { ’ ] 5 l

0 "X L (KT -wTdy
/\r/l*f \ j}(ﬁ,}_\/a\‘{
2 "/0 b, | \ 3 ’"‘,‘) 0
. L2 My
L, x 2 (7 - \-{/
Y g X1 (I-x). d : N 12
0 74 “»

Problem 9. (10) Consider the double integral sin(z — y) cos(z + y) dydz,

R . ; ,
where R is the square zy-region having its vertices at the four points &2 on the z- and y- axes;

Change it to a double iterated integral in uv-coordinates, where u =z —y and v=z+y.

(Give the new limits, integrand, and area element dA, but do not evaluate.)
o
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