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(13.1 #13)

The figure below shows a contour diagram for the monthly payment P as a function
of the interest rate r% and the amount L of the loan.
Estimate the given partial derivatives at the given points. In each case, give the units,

and explain the everyday meaning of your answer.

and i at:
a) r=8, L=4000 N e
| 7000 P -
by r=8, L=6000 ""--n..\_ \m.\_ B
P ™1
¢) r=13, L=7000 6000 P B Sy Ol
amou e
® 5000 Ll -
- (0.
"‘lln...-. n..._..
4000 = ot — _
ln...__' ™ h-‘.
3000 —
i
2000
1 3 5 7 9 11 13 15
inierest rate
(13.2 example 2) %)
Find both partial derivatives:
a)  fixy) =T sin(xy) b)  fixy) =y e
— 5
c) z=(3xy+2x)
(13.4 #16, #13, #18 and example 7)
Find o z, the gradient of z for
)
a) s 20 b) f(x,y)=x+ ef at (1,1)

X+ Yy

3 5 4
0 fxy)=3x -3y° d z=(x+y) e
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4) (152 #12)

4
Evaluate f x2 y3 dx dy
1

e

5)a) (16.1 #15)
Write a parameterization for a circle of radius 2 centered at the region
traced out clockwise starting at the point (-2,0) when t = 0.

b) (Example 1, 16.2)
Give a parameterization for the circle of radius 1/2 centered at (-1,2).

6) Set up f f dA as an iterated integral in polar coordinates
R with R as below.

a) (155 #3) b)  (15.5 #4)

Figure 15.33 0.5
Figure 15.34

7)a) (12.4 example 3)
Find (2?+}—2E)x(3f+§)
b) (12‘.4 #6)

Find (27 -3 +k )< +27 - F)
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8) (171 #1d)
Sketch a graph of a vector field representing the force on a particle at
different points in space as a result of another particle at the origin where the force is
an attractive force whose magnitude increases as distance decreases.

9) Is the line integral jﬁd? positive, negative or zero for the
G

given field F and curve C below?

a) #3 18.1) b) (#4 18.1)
i == 4,
ealingll 2o R e 1 T
S ?-\? = A T T B T
Figure 18.15 - /_\\ -

Figure 18.16

10) Chapter 14 Review #23
The contour diagram for f(x,t) = cos t sin x is given below.
Give the coordinates of any local extrema.

¢ 1
57/2 :
il 2 0w

217__.- x T i LS U _;_g _g_,
3x/2 0o |
I 5 i W TS, W 3
D et e I
/20 | E

z {meters)

Q)

&
j}
)
& |
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11)  (14.2 #10)

Assume that two products are manufactured in quantities q4 and g,
and sold at prices of p; and p, respectively, and that the cost of
producing them is given by

C=2qf +2q§ + 10.

a) Find the maximum profit that can be made, assuming the
prices are fixed.

b) Find the rate of change of that maximum profit as p4 increases.

12) (14.3 #26)
Suppose the quantity, q, of a product manufactured depends on the
number of workers, W, and the amount of capital invested, K,
and is represented by the Cobb-Douglas function

3 1

g=6w* K’
In addition, labor costs are $10 per worker and capital costs are
$20 per unit, and the budget is $3000.
a) What are the optimum number of workers and the optimum number
of units of capital?

b) Check that at the optimum values of W and K, the ratio of the
marginal productivity of labor to the marginal productivity of
capital is the same as the ratio of the cost of a unit of labor
to the cost of a unit of capital.

c) Recompute the optimum values of W and K when the budget is

increased by one dollar. Check that increasing the budget by $1
allows the production of £ extra units of the good, where £ is

the Lagrange multiplier.
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14)

15)
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(14.3 #18)

A company manufactures a product using inputs X, y, and z according to the

production function
i 4.2

Qxy,z) = 20x° y* 2°
The input prices per unit are $20 for x, and $10 fory, and $5 for z.
What inputs should the company use if it wishes to manufacture
1,200 products at minimum cost?

Find the local maxima, minima and saddle points of the given function.
Justify your answers.

(14.Review #1)
fix,y) =sinx*+siny +sin(x+y), 0<x<<, 0<y<<.

(14 Review #2)

f(x,y) = x2 + y3 - 3xy

(14 Review #3)
fxy)=xy +Inx +y% -10 (x> 0)

(14 Review #11) _
Suppose that the quantity, Q, manufactured of a certain product
depends on the number of units of labor, L, and of capital, K,

according to the function
1 2

Q=900 L% K

Suppose also that labor costs $100 per unit and that capital costs
$200 per unit. What combination of labor and capital should be used
to produce 36,000 units of the goods at minimum cost?

What is that minimum cost?
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17)
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(15.5 #14)
3 1
Consider the integral | [ f(x,y) dy dx
0 x

3
a) Sketch the region R over which the integration is being performed.
b) Rewrite the integral with the order of integration reversed.
c) Rewrite the integral in polar coordinates.

(13 Review #35)

Suppose that the values of the function f(x,y) near the point
X =2, y= 3 are given in the table below.
X

2.00 (2.01

3.00 7.56 7.42

3.02 7.61 7.47

Estimate the following.

f

i and i‘
Ox (2.3) ay (2,3)

b) The rate of change of f at (2,3) in the direction of the
vector i +37 .

a)

c) The maximum possible rate of change of f as you move away
from the point (2,3). In which direction should you move
to obtain this rate of change?

d) Write an equation for the level curve through the point (2,3).

e) Find a vector tangent to the level curve of f through the
point (2,3).

f) Find the differential of f at the point (2,3).

If dx = 0.03, dy =0.04, find df. What does df represent?
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(16.2 #23)
Suppose 7 = costi +sint + 2tk represents the position

of a particle on a helix, where z is the height of the particle above
the ground.

a) Is the particle ever moving downwards? When?
b) When does the particle reach a point 10 units above the ground?

c) What is the velocity of the particle when it is 10 units above
the ground?

d) Suppose the particle leaves the helix and moves along the
tangent line to the spiral at this point. What is the equation
of the tangent line?

(16.2 #22)

Consider the motion of the particle given by the parametric equations

x=t3 -3t, y=t -2t
where the y-axis is vertical and the x-axis is horizontal.

a) Does the particle ever come to a stop? If so, when and where?

b) s the particle ever moving straight up or down?
If so, when and where?

C) Is the particle ever moving straight horizontally right or left”?
If so, when and where?
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20. 17.2 Example 2 :
The velocity of a flow at (x,y) is F(x,y) =7 +x

a. Sketch the velocity field and show the path of motion of an object in the flow
that is at the point (-2,2) at time t = 0.
b. Find the system of differential equations associated with the field and show that
x=1t-2
y=058—2t+2

satisfies the system.

21. 18.1#6
Say whether the vector field F(x,y) = xi + )7 has positive, negative, or zero circulation
around the curve shown in Figure 18.18 below. Explain.

4
2 C
1 -
Ch
4 } >4
1 2
-1 Cs
C;
=2
Figure 18.18: The closed curve

C=Cl+02_-!-03+04
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18.2 #5 _

a.  Compute the line integral of the vector field F(x,y) = &' + ¢’ along the path C
which is part of the ellipse x* + 4y? =4 joining the point (0,1 yto (2,0) in the
clockwise direction by parameterizing the curve.

b. Find a potential function for F(x,y) and use the Fundamental Theorem of

Calculus for Line Integrals to find the line integral from part a. (Your answers
for parts a and b should be the same.)

18.3 #4
Let F(x,y)=(x*—y*)i —2xyj . Show that this is a gradient vector field by finding the
potential function f.

18.4 #11

a. Sketch F(x,y)=yi _
and hence decide the sign of the circulation of F(x,y) = yi around the unit
circle centered at the origin and traversed counterclockwise.

b. Use Green’s Theorem to compute the circulation in part a exactly.

Find an equation of the tangent plane to the function sin(2x+y)
at the point (0,0,0)

a.  Explain why the function f(x,y) = x2 + y2

has a global maximum and a global minimum on the region x4 + y4 < 2.

b. For the function f(x,y) = x2 + y2 find the global maximum and global minimum
on the region x4 + y4 < 2.

a. Sketch and describe the region of integration for the triple integral
4 6 3_?5‘
j J- dezdydx
0 3x 0

b. Find the average distance from the yz-plane for the points in the region you
sketched in part a.
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d)
30.
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The temperature at any point in the plane is given by the function

100
I y)y=—
X -i-y

Find the direction of the greatest increase in temperature at the point (3,2).

Find the rate of increase in temperature at the point (3,2) in the direction of greatest
increase.

If a bug moves on the plane at the rate of 5 units per second starting at the point (3,2)
and moving in the direction of greatest increase, how fast is the temperature
increasing? Include units in your answer.

In what direction should the bug move so that there is no change in temperature?

Refer to the following table of fuel efficiency, f, in miles per gallon, for a subcompact
car as a function of speed, s, in miles per hour (mph), and altitude, a, in feet above
sea level.

Fuel Efficiency in mpg

a feet
0 2000 4000 | 6000
35 | 3.3 ‘1 35.0 34.6 | 33.8
40 | 36.7 36.2 i
45 | 37.2 36.8 357 | 345
50 | 35.9 35.8 35.2 | 34.1
55 | 34.1 33.9 33.5 | 33.2

If the car is driven at 45 miles per hour at 4000 feet above sea level,
how many miles per gallon will it get?
a.

. Explain what f(s,4000) represents in terms of the fuel efficiency of the car.

Sketch a graph of fuel efficiency as a function of altitude on the grid below for
each speed given in the table. Describe the effect of altitude on fuel efficiency.




Calculus Il Final Exam Review Solutlons

Al reviews problems are (rom your tex1. Section aumbers arc ghven. Sglutions provided arc copsed from
the text or its sokulias rumaal, compriled here for your comveaionee,

1.

13, @)

ths

{t)

131413

Estimatz 8.°/8r and 8P 5L by using difference gusiicnts and raading velues of P from the graph:
£(16,4000) — F{8,4000]

‘?&TP[S.-IZXX'I} =

i6-8
{1 - BO
= 22 y
g S
ilng?

Qf & P8, 3000) - P{8,4009Q)

gL MG — 0G0

ek T
10

Fr[8. 40001 2 2.5 means thal at 2n interesiTaie of §% and 4 loan amaunt of $4000 the monik Iy payinent
tnereises by approximeeely 32.50 For every ane percent increase ulthe incesesteate, Pr (8, $000) = 0.02
mgins Lhe monshly payment increasss by approzimaiely $0.U2 forevery $1 sncrease an the loan ameunt
at an 8% raie and a loan amount of 54000,

(ang daiference quotnis and reading frum the graph

ap £i14, 6000) — L{8, &750)
-&ng.m} = s
14k — | 20
= — =333
6 1]
amd
oF, . P(8.7000) - P(B, 6000)
g 00) & 00
180 - 120
e Q0L

Apain, wee see il 1he monthly payment increases wilh increases in interest rate wikd ain omount The
tmerest eate i 7 = E% st part {a). but here the loan smount x [ = 56000. Simce 2 (R 4000) =
PL(8, 6000}, ihe increase in monthly poyment per udst sneTenss in Inen Amount reMding Lhe soms ax
in part 33. However, in this case, the effect of the interest rate it different: here the monthly paymem
increases by upproximaiely $3.33 for every one percent increase of interest rate at 7 = A% ;g loon
anount of BHOMN.

ar PLI9, 7000) — P(13, 7000)
o [T

1R% — 160

and

ar £(1,8000) — £{13, 7000}
37(13.7000) = o

130 — 160

= — .m‘
oo R

The figures show thas the rates of changa of the monthly payenent with resgect do the intered vate and
lesm amount sre soughly the same for (r, L) = (8, 6000) and (r.L) = {17, 7000). '



132 Exsuerie 2

Exampie2  Compume the partial derfvatives with respeet o x sad with respect to i for the Fallowing

& fizg = e b) z=0Cap+2F (&) plr.y) = ity

Sofubon (0 This is the product of 3 fanciion of = (namely e} and 2 funclion of y foamedy ). When u,

differentiate with respect to 7, wa think of the fanction of p as aconstant, and vice versa. Thig,
a 27 ir
Szt = glg () = wle™s,
Aley) = c"a%{zr" } = 2ec

{(b] Here we uzs the chain rule:

g_: =503y +22) %{33? +2%) = 503zy + 2z)" 3y + 2).
%; = 5{3zy +h]‘%[3w+ 25) = S{3ey + 2e)'3x = 1S2(3cy + 2500,

(¢) Sinte cach function in the product is 4 fueton of both T and i, we nead 10 use the produ
rule for esch panial derivauve; '

F8. %, . . ” . 5
alr.p) = \EIE"""})} syl -l-!”"aiun{xy]] = ¢** ¥ sin(ry) + 5~ My eosiay),

Hlzpl= ( ;%{e‘”’ }} sin{zy) + & ”"% {sin{zy)) = 3> ¥ sin(zy) + o ¥ cosizy,

For functions of thres or mors variables, we find partlal derivatives by the same methed
Thfferendate with reapect b one variable, regerding the other variables as constanys, For s functing
fle, 3, 2], the partial devtvative f.(a, b, ¢} gives the raie of chang of f wilh respact 1o = along de
liymbzae
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|16, Bince the paninl derivatives ars
_StEen-m oy

= (z+y§ (= +p)
_zet{z+pl-ze?  a¥{riirp—x)
L 0 R
we have
V= e g erxl b zy— 3}
T ls+pd {z+pp
b 13.4 exaomple 7

Exampky 7 Usc the gradient to find the directional derivative of f{z.p} = = +¢¥ at U point [1, 1) in the
direction of the vectmrn § — f.1 +27,1 4 3}.
Sodution  [o Example 3 we found ..
grdf(l.1)=f +¢y.
A unit veeror in the direction of { — J 5§ = (1 - J37v3.50
F b =gad il )& = (7 +ef1 (%) =1—‘_;25=-|.215.

A unit veenr inthe dirccion of 1 + 37 1@ = (1 +2j)7v5. %0

LN =gdf(,1)-% = +¢f)- (E :;J) = %:z-am

A unit vector in the direction of 7 + 37 5@ = (7 + 37 14v/10. %0

i+3] 1+ 3
= = 3.895.
T ) o

Now Joak back at the answers and compare with the value of || gred #]] = 1+ ¢Z = 2,896
One mswer is ood close (o this vaine; ihe other two, f7 = 2E70 end fz = 2,895, are close but
slightly smaller than || gred £]. Since || gred £]] is the maximum ratz of change of § a1 the punt, we
would expect for any unit veglor 8 ;

Fallll) =grad fil.1}- 8 :(i'-l-e}'i-(

fall.l) € [lgrad fI|.
with equality when & is in the direction of grad 7. Since = 2.718, the vectars § + 27 and 7 +37
hoth poiat roughly, but not exsctly, io the direction of the gradieot vecior Sl = 425,
Thys, the values of /> and fg are both ¢hose 10 1he valur of § grad /|| The dircchion of the vactor
t - 7 s s close o the direction of grad £ and the value of f; it not cinea in the value of || grad [ .
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14 Sikce the partind dorivetives are

g 2 2
8‘—f= gf 5.__?41
By ¥¥ Ty
we have
LW By (15 % N -
madf = 24 2 =(T")"'{—l):
a 134 513

13, Since the partial derivalives are

1, =e¥,  andr, = za¥ + o ¥ yet,

we [ave . .
Tz=efi +e{l +z+¥l.
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1 .y :1 [}
f f ;:yldxﬂ'y = f yx? dy
[ I ¥

Lo v
=5}fi¥‘-¥f!#¥

| y' FFI.'Z
- (? - Tiﬁ)

3

=3 :
1Trd' a¥ix3 L.
=3 [{-;F— ——-—ﬁ——J —,(— = ﬁ)] = 536.082
See Figure 15.10.
y -
=% ¥F==x N 1!
4 p=3 Tyi=g g
":{;]‘
¥ d
1 b
1 1 r
I 2 L]
Pigurs 1518 Figure i5}
5 a I6.1#13

15. The pu:mc:rinﬂon T = Zeosk ¢ = 2sink, & < ¢ € 2,15 2 cirche of radius 2 iraced out coamaniyckwise
sianing o the pomt (2, 0). Ta stan & {2, 0). put & negative in front of the frst coordinsse

r=-2cust p =Zsint, UESEST S
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Emirgie | Givw n pursiatestisssion fof the clecle of radies | comicerd ot the poim (-1,2).
Boksion The circle of rariins | centesed ol the origia 1 parameterized by the vecwr-vained fenctice
i (8 =costi +3intf, DLEL2m
The point (— 1,2} has the position vector 75 = —i + 27 . The position wecter, # (). of a point e the
circle of radins | cantored 2t (=1,2) i found by adding 43 10 7. (See Figures 16.21 and 16.22)
Thus,

P(O) =Fo+ 47100 = =1 +2F + }{coa i +sintf) = (=l + oot +(2 + Jsine)],

or, equivaleotly,
c=—l+fcoet, y=2+)snk. 0<E< 2w,

Ay =cokl) +5inf)

-1

Figurs 1621: Thaciein 2* 43" = | Figure 16.23: The clacls of oéine | s omier
emmarined ¥ % (8} = o0 i +olatd (—1,2) pursmonriend by 7{¢) = F¢ + §7:1{8)

135 a@@ L&

}Ehjf;dfmzw

}:mléw,rra-a



a 124 Expmple 3
Find the okt product of § = 31 + 3 —2F and F = 37 + F a5d check that the croul product is -

perpeadicolsr o both 7 snd o,
Wrilmg § = oF uammtmmmmnmmmw-mmmnmwmw

i
Bl A P R B
301 :
=7 {11) - 0{-2)) - F {21 —3{~2)) + ¥ {0 - 3(1))
=‘|:-’-E_‘;f-3£.

Tocheek that 7 x & Bpﬂrpmdi:nlrwf.wecmmmdﬂMI:

FAFxB)=(H +] —2k) (i 8] -W)=2-8+6=0.
Similarly,
] T xd)m(H+07 4 £)-(T - 8] - %) =3+0-3=0.
Tews. 7 % is perpeodicoler 1o both § and oF

b 12456

6 =23 +Eadd=T+27-F

Ly
-

=7 +3 +7k

[+

L4

g |

1L
-3 =
[
|
-



Bach vector fiedd io Figures (D={IV) repmsents the foroe on & particle at different polnms
in spaoe as a result of another particle w the oeigin. Maich up the vedor fields wath tbe
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A repulsive force whose megniude decreuses 25 digiance increaves, suchl as belwen

ehecteic charges of the same sign.
A sepulsive force whose magnilude increases as disiance increasss.

An siraciive foree whose magoituds decrenses as distunce ncreases, such s gravity.

An attrective force whose magnilude increades as disiance increaves.
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a;‘r"l\'\\.

N e,

1

hY

Fi

L

A Y

~

=

4

-

"

Y
Ve,

Pl

//fi\:;
771NN
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foe vectors point toward the pesticls, So we cin miich up e vactor Gold with the desevindan
3.1 a3

Zero, becatse, by symmery, the poaitive integral elong the 1eh holf of 1the paih cancels the regative misgeal
along the right half,

10. Local Max in cerer of encircling comonrs that arc ingreasing at (%,Zx]al{% ,0)

Local idin in emier of eticircling contous (hal are decreasing sl [



11. 142410

10, 8) Therevenuc R =g +p1qa.Proftw P = R—C=pa + poqe — 200 — 28 = 10

J :

a_:=111—4ﬂl=& 3w=m|=?
apP . 7
—-;-: _4?::3 Ewg;qz:%

Sinee % = -4, %{3 = —4 and 3%'-“;-’; = 0, o (p1 /4, p=f4) we have thal Lhe Uiserinunant. D=
[=4)(—4} > Dond ﬁ < {1, thus P hax o local maximum valus al [gy.42) = 12 i) Snve P s
quadrant in g and ga. this is » global maximum. 50 P = By k_2dl 28 - 10= 84 £ 100

Lhe maasnum profic
ihy The rate of change of the maaimum profir as py meredses is

2 o _p
Bpi{m“ P‘Il- B = 4.

12. 143 %26
. (a1 l Lot £ he the cost of producing the produci. Then ¢ = W + 204 = 3000. At conmum peoduchan.
Tp = AT
Ty = (EW'EK!) T+ (}‘Wir{'f:l J.an8 Te = 1 + 20 . Eyuanng we 5t
S-igt =0 e WEIRTi=2m
Dividing yields K = I, so subunuing wla ¢ gres
08" > 20 (i“') =S¥ = w0,
Thus bF = 225 and X = 37.4. Subsututing borh ancwees o find A gaves

Lt
- 1D

= 2875,

\Wie alza Find ihe ooIMTAIM quanily prdused. = 6(329)i(37.911 = #62.57.
bt AL tht opumum yalues [ousd 0bavE. marginal produstinly oF I0er = givenhy

& ? il
_— =gk = 1075,
oW [ At h x :;:':1,:1.5.:

anal marginal peoductivity of capnial iy given by

i‘j'l' 3‘. -t .,II
== =IFrK =35.750.
B hyny 2 L

The rutio ot morginal productenty ol 1abor e thus uf cupial ik

P G costof e vaito{L
§ PN cstofauniofK

fch When the budget 5 increased By oa Gotlar, me substung vt cckation A = LIV anwe LOW) + XA, -
3001 which prees 10W, + 300} W] = $1F; = 0| Selving yiaid W, = 223075ead K = 2T 5HL
wogq = 15188 g+029 produciion kas incramm by 5.2 =1 X, Uhe Lagrange Bulupliet



26. Find an equation of the tangent plane to the function sin(2x+y)
at the point (0,0,0)

2= £,(0.0)x+ £, (0.0)y + £(0,0)=2x+y
26. z=2x+y

27 a. Explain why the function f(x,y) = x2 + y2
has a global maximum and a global minimum on the region x4+ y4 <2.

f is a continuous function and the region described is closed and bounded.

b. For the function f(x,y) = x2 + y2 find the global maximum and global minimum on the
region x4+yd<2.

—

Find the CP’s inside the region.

2. Find local extrema on the boundary using [.aGrange Multipliers

3. The max value will be found at the largest f at each of the points from parts | and 2 and the min
value at the smallest of these points. '

2y =0 = CP = (0,0) which is in the region,

Vf =AVg
2x = A(4x”)
2y = A4y*)
2 <x“+ydz
=2i=2’1’;:> 12= ~—=>x=1y,x20,y#0
4x° 4y 25" 2y
¥ apted=soxt =l xadlLy =%l

\x:Ozyzi-i/E,y:O:x:iiﬁ
Possible boundary extrema are: (0,+4/2), (£4/2,0), (1,1), (1,=1), (=1,1), (-=1,=1)

£(0,0)=0
3. F0£42) = F(#42,00=42
fELED) =2

Max. 2
Min _ 0



28. a. Sketch and describe the region of integration for the triple integral

0 Bottom plane z =0
over region in xy plane
liney=3x/2toy=6
A fromx=0tox=4
at (0,0) z= 8 on top plane

(0,0,8) at(0,6)z=16

at(4,6)z=4

(0,6,6) back boundary of region is trapezoid in yz plane

Front boundary is trapezoid in plane y=3x/2
Right boundary is trapezoid in plane y = 6

g-2-%
a6 32
.{ '3.[ .[ xdzdyar, Top plane z = 8-y/3-x/2
0 X
2

(4,6.4 .y
\ 060)
(4,6,0)
b. Find the average distance from the yz-plane for the points in the region you sketched in

part a. Circle your final answer.

x = distance from the yz plane so just evaluate the integral and divide by the volume of the region

_X_i
B3 .

:Iﬁj Ildzdycbc _[]. 8—y/3—xf2dydx=?8y—y216~xyf2jmﬂ5€
3z et ’

0

3x2 9x? 15x2 9x 4

=6{(48—6—3x)—(12x—Tv—)dx j(42 15x+—8—)dx=42x— S
i %53 46 = 4 6 5 5
[ [xdzdyds= [ [ 2 Szdydmjj B - - -dyds
0 3x 0 0 3x 0 3z

2 2 2

| lyz xzy 485 — 63 —3 12 3x° 3x° 2,
:Osxy_T"Tm _I( G2 - __8“_—)

] Ox* 4 16 3%_% :

= [(a2x-15x° +-—)aix 21x =52 + | =88 LII dezdydxzﬁzﬂ
5 vid 729
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29. The temperature at any point in the plane is given by the function

100
T(x? y) = 2 7 -
X +y

a) Find the direction of the greatest increase in temperature at the point (3,2).

b) Find the rate of increase in temperature at the point (3,2) in the direction of greatest increase.

c) If a bug moves on the plane at the rate of 5 units per second starting at the point (3,2) and moving
in the direction of greatest increase, how fast is the temperature increasing? Include units in your
answer. :

d) In what direction should the bug move so that there is no change in temperature?

a) The direction of greatest increase will be the direction of the gradient.

, . -200x . =200
Yi=Titl f=ers— jbee g)zj
" +y7) T +y7)
—-600. 400 .
V¥ ) i b
169 169

b) The magnitude of greatest increase is
J(=600)* +(~400)* 20013

VI'(3,2)|=
VTG 169 169

Sunits 200le 3 degrees 1000+/13
c) - = degrees/sec.

sec 169 unit 169
e) There is no change in any direction perpendicular to the gradient,
=400, 600 . -
such as i+—j
169 169

30.  Refer to the following table of fuel efficiency, £, in miles per gallon, for a
subcompact car as a function of speed, s, in miles per hour (mph), and altitude, a,
in feet above sea level.

Fuel Efficiency in mpg
Fuel Efficiency in mpg
a feet

0 2000 4000 6000
smph | 35 353 35.0 346 33.8
40 36.7 36.2 354 343
45 37.2 36.8 35.7 34.5
50 35.9 35.8 35.2 34.1
55 34.1 33.9 33.5 33.2

a. Ifthe car is driven at 45 miles per hour at 4000 feet above sea level,
how many miles per gallon will it get?
a. 35.7mpg__ -



b. Explain what (s,4000) represents in terms of the fuel efficiency of the car.
It represents fuel efficiency as a function of speed at an altitude of 4000 feet.

c. Sketch a graph of fuel efficiency as a function of altitude on the grid below for
each speed given in the table. Describe the effect of altitude on fuel efficiency.

mpg 37.2 CT}\H"“‘“--.. ,-L
O\ ?\
36 O
0] M:Q\ /s =45 mph
T\ A =40 mph
L X 7 s=s0mp
& N s=35 mph
34 - ™ 41
332 ! "‘“'--—-__z:,—:;—" s = 55 mph
0 2000 4000 6000 ft.

As altitude increases, fuel efficiency decreases, with the biggest drop, 2.7 mpg, at 45
mph. Except at 55 mph, the decrease in fuel efficiency is more pronounced as altitude
increases. At 6000 feet, differences in fuel efficiency due to speed are much less.






