Exercise 14.1

Answer 1E.
Consider the function W = f(T,v).

Here, W is the wind chill index, 7 is the actual temperature, and v is the wind speed.

Observe the table given in the text book on page 903, which shows the wind chill values at
different values of temperature 7 and the wind speed v.

(a)
Find the value of f(-15,40)using the table.

Wind speed (km/h)
v |5 10 15 20 25 30 40 50 60 70 80
L
5 4 3 2 1 1 0 -1 -1 | -2 [ -2 | -3
0 |-2 [=3 |4 [=5 |6 [=6 |=7 [-8 [-9 [=98 [=10

-5 | =7 | -9 [=-11]|=12|-12| =13 | =14 | =15| =16 | —-16 | —17
=10 | =13 | =I5 | =17 | =18 | =19 | =20 | <21 | =22%| -23| =23 | =24
=15 | =19| =21 | =25 | =4 | =35 | =26 | 37| | =2%| 30| =30 | =31

—2). | =24 | =27 | =229 | 30| 3L | =33 | =34 | =35 | 36| —-37 | 38
-25 | =30 | -33 [ =35 | -37| 38| =39 | =41 | =42 | -43 | —44 | -4}
-30|-36 | -39 -41 | -43 | -44| -46 | -48 | -49 | =50 | -51 | -52
-35 | —41 | —45 | =48 | -49 | =51 | =52 | —54 | =56 | —57 | —58 | =60
—40 | —47 | =31 | =34 | =56 | -51 | =59 | —-61 | =63 | —-64 | —63 | —67

Actual temperature °C |

From the table, notice that  f(-15,40) :mhﬁ:h is shown in red color.

The meaning of the function j'(-lS,-’lD]:-Z?is: if the temperature T is _j5°C and the

wind speed v is 40 km/h, then the apparent severity of the cold J is about _7°¢ with no
wind.



(b)

Find the value of v, that satisfies the equation f (-EG, v] = -3 using the table.
Wind speed (km/h)
v|5 10 15 20| |25 30 40 50 60 70 30
T
© [5 [4 |3 |2 1 1 0 -1 | -1 [-2 [-2 [-3
0 =2 | =3 | =4 | =3 -6 | =86 | =7 |—=8 |=9 | =9 | =10
E -5 | =7 |- |-11]|=12]|-12|-13|-14]| -15|-16]| =16 | -17
EF ~10| -13|-15|-17 | -18 | -19| -20| -21 | -22 | -25 | -23 | -24
E‘ -15| =19 | =21 | =23 | =24 | =25 | =26 | =27 | =29 | =30 | =30 | =31
2 -20 | -24 | =27 | -29|-30|-32|-33]|-34| -35| -36| =37 | -38
E 25| =30 | =33 | =35 | =37 | 38 | =39 | -4l | —42 | 43 | —44 | —45
E -30| —36| -39 | -41 | -43 | —-44 | -46 | =48 | —49 | —50 | =51 | -52
-35| —41 | —-45 | —-48 | -49 | -51 | =52 | =54 | =56 | —-57 | =58 | —60
—40 | -47 | =51 | =54 | =50 | =57 | =59 | -61 | —63 | =64 | —65 | —67

First write the meaning of the equation f(~20,v)=-30.

If the temperature T is _20°( . find the value of the wind speed which gives the apparent

severity of the cold J about _30°¢C with no wind.

From the fable, notice that f(-20,20)=

=30which is shown in red cotor.

The meaning of the function f(-iﬂ, 2ﬂ]=—3ﬂ'r5_. if the temperature T is _70° ¢ and the

wind speed v is 20 km/h, then the apparent severity of the cold W isabout _3¢°¢ with no

wind.




(c)
Find the value of T, that saiisfies the equation f (TJ{]] = —-49using the table 1.

Wind speed (km/h)

V|3 10 |15 20 (25 |30 40 |50 |60 70 | 80

5
5 (4 (& |2 ¥ |t |® -1 | -1 | -2 [-2 | -3
0 =2 |3 | =4 |=5 |6 | =6 | =7 | -8 [ =9 | =2 | =10

=5 | =7 | 9 | =31 |=12|-12|-13]| =14 =15| =16 | =16 | =17

-10 | -13 | -15| =17 | =18 | =19 | =20 | =21 | -22| =23 | -23 | -24

= | =W 2L =B [=3] =35 =38 [ =97 | -39 =30 =30 | =31

20 | —24 | —27 | —29 | —30 | —32 | —33 | —34 | 35| —36 | -37 | —38

—25 | -30 | —33 | —35| =37 | —38 | =39 | —41 | -42 | -43 | =44 | =45

=30 | =36 -39 | =31 | =43 | —a4 | =3 | =48 | -@@ | =50 | =51 | =52

[35] | —41 | -45 | —48 | —49 | =51 | =52 | —54 | —-56 | =57 | —58 | —60

—40 | —-47 | -51 | -54 | -56 | -57 | -59 | -61 | -63 | —64 | —65 | —67

Actual temper&ture?“{?\:

First write the meaning of the equation f(:-",z[))z 49,

Ifthe wind speed v is 20 km/h . find the value of the temperature which gives the apparent
severity of the cold Jr about _49°¢ with no wind.

From the table; notice that f(—ES,ZD}: =49which is shown in red color in the table.

The meaning of the function f(-35,20)=-49is, if the temperature 7 is _35°C and the
wind speed v is 20 km/h, then the apparent severity of the cold | is about _49°C with no

wind.

(d)

Describe the meaning of the function KW = f(—S,v).
Here, temperate T isaconstant _s°C.

And wind speed v is a variable.

So W is the funclion of wind speed v with constant temperature _5“'(3 and that gives the
wind chill values.

(€)

Describe the meaning of the function W :_f{T,S{]).
Here, temperate T is a variable.

And wind speed v is a constant 50 km/h.

So W is the function of temperature 7 with wind speed 50 km/h and that gives the wind chill
values.



Answer 2E.
The temperature humidity index f is defined as

! :j'{Thh}
Where T is the actual temperature and f is the relative humidity.

The following table shows the values of J:

Relative humidity(%o)
-N 20| 30| 40| 50| 60] 70
go| 77|78 | 79| 81| 82] 83
85 | 82 | 84 | 86| 88 | 90| 93
90 | 87 | 90 | 93| 96 | 100| 104
95 | o3 | 96 | 101] 107 | 114|124
100] 99 | 104| 110| 120| 132] 144

Actual Temperature(°F)

(a)

The value of j'{@i?ﬂ) can be found by looking at the table as, the row where the actual
temperature is 95 degrees Fahrenheit and the column where the relative humidity is 70%.
From the table, observe that the apparent temperature is 124 degrees Fahrenheit

This means is that, though the actual temperature is 95 degrees Fahrenheit, a humidity leve| of
70 percent will make it 125 degrees Fahrenhett.

(D)
Lock at the row where the actual temperature is 90 degrees, and where the apparent
temperature is 100 degrees Fahrenheit. This happens at 60 percent humidity

Therefore, the value of h such that £(90,k)=100 is

(c)

Look at the column where the humidity is 50 percent and where the apparent temperature is
88 degrees Fahrenheit. This happens at 85 degrees Fahrenheit.

Therefore, the value of T such that f(7,50)=88 is



(d)

The function of | =f[E[]l,}:} is a funciion of apparent temperature, with respect to the
humidity, specifically when the actual temperature is 80 degrees Fahrenheit

The function f':f(lﬂﬂ,h]. likewise, is the same function, except when the actual temperature
is 100 degrees Fahrenheit.

Comparing the above two functions, see that f:f’{ED,h} has a smaller range of apparent

temperatures and it escalates slower, as well. I:If{ll]l],h]. on the other hand, has a much

wider range and the temperatures escalate at a faster rate.

Answer 3E.
We have P(L, &)= 1470058

Replace £ with 120 and & with 20 to find P{120, 20).
P(120, 20) = 1.47{120)"" (20)"
1.47(22463)(2.853)

r 942

Thus, we get [P(120, 207 = 94 2| This means that the manufacturer’ s yearly production is
94 2 million dollars when 120,000 labor hours are spent and 20 million dollars is
invested.

Answer 4E.
Consider the Cobb-Douglas Production function:

P{L;K) =101k,

Where p isthe total production, g is the amount of labor, and § I1s the amount of capital
invested.

If the amounts of labor and capital are doubled, replace [ and X with 2L and 2K in the
function P(L,K)=1.01L""K",

P(2L.2K)=1.01(2L)"" (2K)™

S LV Ee A M s
=101 20405 5 [P 50 K095 SINCE gM. g =™,
=2x(1.01L77K ")
Replace | o17% g with P(L,K).
P(2L,2K)=2P(LK)

Therefore, the production is [doubled| When the amounts of labor and capital are doubled.



The general production formula is:
P(L,K)=1.01L"K"~,
Where p isthe total production, ¢ is the amount of labor, and g is the amount of capital
invested
IT the amounts of labor and capital are doubled, replace [ and K With 2L and 2K inthe
function P(L,K)=1.01L"K"",
P(2L.2K)=1.01(2L)" (2K)"™"
e |,f]'| w zrr Llr w0 2|"H Kl--r:
=1.01x 2" x [*x K™ 3INCE g". 4" = g™,
=2x(Lo1L°K")
Replace | 01z#Kk"« with P{L,K).
P{EL,EK] =2F{L.K}

Therefore, the production is doubled for general production function.

Answer 5E.
(@)  We have 5=lw, k) = 01091448075

Eeplace w with 160 and A with 70 to find fw, &)
7(160,70) = 0.1091{160)"* {70y

= 01091 (8.544?) [21.752)
w205

Thus, we get fiw, #) = 20.5 This means that the surface area of a 70 inches tall
person who weighs 160 pounds 15 about 205 square feet.

(h) Let the weight be 121 pounds and the height be 67 inches.

substitute 121 for w and 67 for b to find fw, k).
(121, 67) = 0.1091 (120" (67)"™
0.1091{7.6769)(21.0816)

s 17.66

Thus, the surface area is obtained as [17 66 square feet]




Answer G6E.
The wind-chill index B has been modeled as:
W(T,v)=13.12+0.6215T —11.37v"' +0.3965Tv""*,

Where W a subjective temperature that depends on the actual temperature is T and the wind
speed w.

Determine the values for the wind-chill index for few values of T and .

If the temperature is _s°¢ and the wind speed is 530km/h, then determine the wind-chill index
value at W (-5,50).

Plug in T =5 and v = 50 to the function of W(T,v).
W(~5,50)=13.124+0.6215x(~5)~11.37(50)"" +0.3965(~5)(50)""
Use Maple to determine the value.

> 13.12 4+ 0.6215-( -5) — 11.37-50""° + 0.3965- ( -5) - 50"
-14.95630671

Similarly determine the values for different values of T and v,

The table represents the values of wind-chill index as a function of air temperature and wind
speed:



T\p 5 10 15 20 25 30 40 50 60 70 80

5 4.1 *r N i O I 0.52 |0.05 |-0.71|-1.33|-165|-229|-270
o 16 (33 |44 |22 |89 |(BD (74 |81 (88 (93 [-58
5 -f.3 |-9.3 |-106|-116 |-123|-129(-14.1|-149|-15.7 |-16.4 [-1639
-10 -12.9|-153|-16.6 |-17.9|-1886 |-195|-208 |-21.8 |-226 |-23.3 |-24.0
-15 -18.6 | -21.2-229 |-24.2|-252|-26.0 |-27.4 | -28.6 | -29.5 | -30.4 | -31.1
-20 -24.3 | -27.2-2581|-30.5|-316 | -326 |-341|-354 |-36.5|-374|-38.2
-25 -299|-33.2|-352|-368|-380|-391|-408|-422|-434|-444|-453
-30 -30.6|-39.2|-414|-43.1|-445|-456|-47.5|-430(|-50.3|-51.4 |-524
-35 -41.3|-45.1|-476|-494|-509|-52.1(-54.2|-35.8|-57.2 |-58.5 [-59.5
-40 -46.9 | -51.1|-53.7 | -55.7 |-57.3 | -58.7 |-60.9 | -B2.7 |-64.2 | -B5.5 | -66.6

The values in the table are fairly close (within 0.5) to the values of the original table




Answer 7E.

(a) 7(40.15)=25.1t means that wave height is 25 at 40 knots wind speed and 15 hours duration

(b) h=f{30.1) is describing change in wave height according to the variation in time from S to
50 hours at windspeed 30 knots. In this range wave height is varying from 9 to 19, therefore
this function s increasing

(c) h=fi{v.30) is describing change in wave height according to variation in wind speed at 30th
hour. In this range wave height is increasing from 2 to 62, therefore this function Is increasing.

Answer 8E.
(a) It 1s given that the cost for making a small box 1z $2.50. Then, the total cost to

make x small boxes 13 2 50x . Similarly, the total cost to make ¥ medium box 13
dyv and z large boxes 15 4 50z

MNowr, the total cost for making x small boxes, ¥ medium boxes, and z large boxes
1z given by

i f(x, 3 z)
= 8000+(2.5Dx+4y+4.502)

(h) Plug in x with 2000, y with 5000, and z with 4000,
(3000, 5000, 4000) = 8000 + [2.50[3000) +4(5000) + 4.50[4000)]

8000 + [7500 + 20000 + 13000 ]
53,500

Thus, we get 7 (3000, 5000, 4000} = 53,500,

{c) Azsume £ to be a set of ordered pairs of real numbers. If to each ordered pair
{x,¥)in D there corresponds a unique real number § [x,y:] ,then fis called a

function of x and »
The set £ 15 the domain of the function and the corresponding set of values for

f[x,y) 15 the range of £
We note that the function 1z defined for all points |:x, y,z) such that
x=20,y=z20z =10,

Therefore, the domain of the function 1s

T

(x,y,z):xED,yED,zED}.

Answer 9E.



{a) Eeplace x with 2 and y with -1 to find g(2, -1}
g[?, —1) = cos[? - 2)
= cosl
=1

Thus, we get |g (2, —1) = 1|

{h}) We know that the cosine function 15 defined for all real numbers. Also, we note
that x + 2y 15 defined for all x and y.

Therefore, the domain of the functions is defined as

{c) mince the walue of a cosine function always lies in the interval [-1, 1], we can say
that the range of the given function 15 [-1, 1]

Answer 10E.
(a) Evaluate F(3,1) for the function fx p)=1++J4—y?.

To evaluate F(l]} substitute 3 for x and 1 for y in the given function,
F(x,p)=1+/4-)"
= F(3.1)=1+v4-1"
= ] + ﬁ

Therefore F[3.I]= 1+s.f§ =2.732.




(b) The expresséﬂn for F makes sense only when 4_y2 >0
Itimplies that 2 <4=-2< y<2.

However there is no restriction on x because there is no x term in the expression |4 r'4_ y:

and hence the domainis (D= {(x,y]'-e BxR:=-2<y<2xe ]R}

This is nothing but half plane and it is shown below (shaded part is the domain for the-g'ruren
function)

Note: The notation B denotes set of Real numbers.

(c) Range is the set of all possible values that F takes on the domain:

Observe the expression for the function F(y, y)=1+\4—)?

Theterm fq_ s always positive for -2 < y <2, and its value always less than or equal to
&

So it can be written as

0<,/4-y" <2

S1+0<1+/4—y7 <142 Add |

=1<1+J4-y' <3 Simplify

= 1< F(xy)<3 Since F(.u:,y]:Hﬂ

The last inequality shows that the values that F lies between 1 and 3.

Therefore the range of the given function f(x, y)=14-Ja—y* 18 [R=[13]|




Answer 11E.
Consider the following function:

fxpz)=Jx+y +dz+in(4-x -y -2*)

(a) Calculate f(1,1,1).

Replace x with 1, y with 1, and z with 1 to find f{], 1, !}.
flrpz)=x+fy+dz+m(4-x -y -2*)

fLLT) = ﬁ+ﬁ+wﬁ+|li(4—ll—1:_|3]
=3+ In(1)
=3+0
=3

FLn=[

(D) Find and describe the domain of f .

Assume D to be a set of ordered triads of real numbers. I to each ordered triad [,r,y,z] inD
there corresponds a unigue real number _f'[x,_p,z)_ then f is called a function of Xx,), and
g

The set D is the domain of the function and the corresponding set of values of _f'{:_‘r.,_],:'._,::l is the
range of f.

The function f is defined for all points (x,y,z) suchthatx > 0, y = 0,z = 0 and

e e I

Therefore. the domain of the function £ is {(x, y.z):x’ + y* + 2% <4, x 20,y20,220}.

Answer 12E.
(T1ven g(x, ¥, 2) 2 x3yzz\fl[] — X =gz

a eplace x with 1, ¥ with 2, and z wit m glx, v.2] = xys= ey i
{a)  FRepl ith 1 ith 2, and z with 3 { *yiz 10

g(12,3) = (F)[2)(3),f10-1-2-3
= (12)44

= 24

Thus, we get g[l, A3 3) =2 L,




(h) Azsume [ to be a set of ordered pairs of real numbers. If to each ordered pair
{x, ¥)in S there corresponds a unique real number [:J:,y) Jthen § 15 called a

tunction of x and y. The zet L) 13 the domain of the function and the corresponding
set of walues for f(x,y) iz the range of ¥

We note that the function 13 defined for all (x, ¥, 2) such that 10— x -y -2z =2 0.

Therefore, the domain of the function 1 [[I ¥, z:J: WN=x=yp=z2 EI} :

Answer 13E.

Bzsume O to be a set of ordered pairs of real numbers. If to each ordered pair (x, 3 1n D
there corresponds a unique real number fix, v}, then 7 15 called a function of x and v The

set £ 15 the domain of the function and the corresponding set of values for fx, ) 15 the
range of 1

We note that the function 12 defined for all points (x, ¥) such that 2x — v = 0 or
¥ o= 2x

Therefore, the domain ofthe function 1s

T

(z.y)y = 2:{}_

Let us sketch the domain




Answer 14E.
Consider the foltowing function:

f(xy)=v

The object is to find and sketch the domain of the function
Take f(x,y)= \f; =1L

The inequality depends up on the following region:

y<x<(
x€0,x20,y=03;
xz0,y>0

Sketch the graph of the given function in three cases as follows:
Case1:

It y<0then x<(,

So, the inequality xy=0.

The graph of the region is as shown below:

7 . }.:

x <0

Therefore, the domain of the graph is: D= “I") |1-<_:{|__1;{{:}_



Case2:
if y=0and x<0,x>0then the inequality x»=0.

The graph of the region is as shown below

In this case the domain of the graph IS y= 0.

¥



xy=0.

Iif y>0and x3>(then the inequality




Answer 15E.
Consider the following function:

f(xy)=In(9-x"-9y)
Mote that, the expression inside the logarithmic function must be paositive. Use this knowledge.
the domain is the region determined by the following inequality.
9—x* =9y >0
9> x% +9y°
¥t 40y°

Hence, the domain of the set is {(;-:, _}:} ]-)c2 + 9_}-3 {3’} )

The graph of this region is as follows.

From the above graph, the shaded region is the domain of the function, f{ e y), which is the
set of all points in the inside of an ellipse, x° +9y’ <3



Answer 16E.
Consider the function,
fxy)=ye -y’
The objective is to sketch the domain of the function.

The domain of a function is the set of all points for which the function is defined.

Here the function has Sguare root function is defined for non-negative valies.

Hence the domain of f(_-,.;‘y] = \ff ~p IS - 20|

Rewrite it as (x+ y)(x—y}20

Product of two factors is non-npegative when both-are positive or both negative.
S0, the domains are given as

x+pzlx=yz20 or x+y20,x=y<l x2-y x>y Or xZ-yp.x<y
XZ=P,X2 ) OF X<—=p X<y

YZ=X,J5X O ys-x.y2X

Therefore, the domain of the function is {(r y)iystxoryzitx }

The graph of the domain x* - y* > 0is shown below.

108y

X




Answer 17E. )
Consider the following function:

Flay)=1-2* =y1-

Find the domain of the given function.

‘Recall that the expression inside any square root must be non-negative.
1-x"=0and 1= 20
x—1<0and y* -1<0
(x=1)(x+1)<0and (y-1)(y+1)<0
“1<x<land —1<y<1

So. the domain of the function £ (x, y)=+1-x* —yf1-y* is.

{(x.y)eR?|-1<x<land ~1<y<l)]

Sketch the domain —1<x<land —1< y<lof the given function as shown below:




Answer 18E.

Consider the function _f x}, J_+ (25— 2 ..J,L

Find the domain of the function £ (x, y).

Let f(x,y)=g(x.y)+h(x.y).

Here. g(x,y)= ﬁ and f(x,y)= m
Clearly, g[.r,y} = ,f; is defined only when y 20.

So the domain of the function g(x,p)is {(x,¥)| y20}.

Similarly. (x,y)=, [25~x* - y* is defined only when 25 —x* =y 20.

That is,

25—~ 20
252"+
¥+ 225

So the domain of the function f;(;rﬁ_p'] is {(x,y“ e 225}.

Since the function f(x,y) is the summation of both the functions g(x, y) and h(.l’..,}':l.

therefore, the domain of the function fix.viis D=~ v"il v=0and ¥ +v* <25,
Sketch the domain of the function £ (x, y) J_+.||'25 -

The equation x* + y* < 5° represents a disk of radius 5.
And the inequality y >0 represents the region above the x-axis.
Shade the region inside the circle of radius 5 above the x-axis to sketch the domain of the

function f(x,v).

The graph of the domain of the function £(x J, J_+ 125 _ 42 — y* is shown below:

F

1V

3

SO EADADOO

10-9-8-7-65-43-2-11 12345678910




Answer 19E.
Consider the following function;

Jy-x

xy)=
f( ) 1"'_1'2

MNote that, the expression inside any square root must be non-negative.

Use this knowledge, the domain is the region determined by the following ineguality.
y=x> 20

Pt

Also, division by zero is undefined, so the denominator cannot be zero.

1—x*#0
12X
x#xl

Hence, the domain is the set [{(x, y)| ¥ 2 x";x # 21}

The graph of this region is as follows.

=} x=1
.__*y_.
Eal 1
S
e
| 1]
. X
T T T T T T T T -
5 -2 4 -3 -2 -11 BB &3 3 @& |8

From the above graph, the red colored vertical lines are intentionally omitted points, since,
x#EEl:



Answer 21E.

The graph of the domain of the given function f(_:‘y‘z’) = J[ - -y

2_
-‘I_
ZoHH
-1
I e
] 1
24 -’I'I:I .
| PRLEEELE s ) T 3 ey e T T T T 1T 7177177 T 2
2 1 0 -1 .
¥

Answer 22E.
Consider the following function:

f(xy.z)=In(16-4x" —4y* - 2°)
Find the domain of the given function.

Recall that the expression inside the radical must be non-negative.

16—=4x* -dy* —z* >0

4 +4y* +2° <16

2 z 2

%+%+%{1 divide by 16.
¥ . 2

x Yy .z

*-z‘z—'l'-i—z'-"'z'f'{]

This is an ellipsoid.

So, the domain of the function f(x,y,z)= In[lﬁv—ﬁix2 -4y? -zz)is.

x? yl" zz
iz eR | =5+ —=<1}H
{[ -}r ] |2? 23 4..




Answer 23E.
To sketch the graph of f(x,y)=1+y:

Suppose the above surface as z =1+ y . in this equation the variable x is missed, 5o this plane
is parallef to x-axis.

To find y-intercept of the plane, put x =0,z =0 in the equation of the surface,
z=l+y

O=1+y

==l

So. the y-intercept is (0,~1,0)

To find z-intercept of the plane, put x =0, y =0 in the equation of the surface,

z=l+y
z=1+0
z=1

So. the z-intercept is (0,0,1)

So, the plane z =1+ yis passing through the points (0,-1,0). (0,0,1)and is parallel to x-axis.

The sketch of the graph of If'{_‘{,_].-'] = | + yis shown below:

A<




Answer 24E.
Consider the function:
fxy)=2-x.
The objective is to sketch the graph of the function.

It canbe written as z = f{x,y)

S0, the graph of fhas the equation z=2—yx OF x4z =2, Which represents a plane.
To graph the plane we first find the intercepts.

T1ake y=0=z=

Take z=0=x=2

Hence x-—interceptis 2,z-—interceptis 2

This information helps to skefch the graph of equation f(x,y)=2-x.

The graph of the function f(x.,y] =2 —xI5shown below:

Answer 25E.
Consider the function

F(x,y)=10-4x-5y
The objective is to graph the function.

The graph of f has the equation z=10-4x=5y or 4x+5y+z =10, which represents a
plane.



To graph the plane first finds the intercepts.
To find the x intercept. Put y =0,z =0 in the equation z=10-4x-5y.

0=10-4x
4x =10

5
=x==

2

Therefore, the x-interceptis x = E
2

Similarly, to find the y intercept, Put x =0,z =0 in the equation z=10-4x-5y.

0=10-0-5y
5p=10
= y=2

Therefore, the y-interceptis 2.

Similarly, to find the z intercept. Put y=0,x=10 in the equation z=10-4x-5y.

This information helps o skeich the graph of equation f(x,y) =10-4x=5y.

The graph of the function f(x, y)=10—4x-5y looks like this:

(0,0,10)

(5/2,0,0)



Answer 26E.
Consider the function f(x,y)=e™

To sketch the graph of z= f[,rj _p} =gV
Observe that » = o~ is @ curve upon yz — plane looks like

54

L

=0, the surface parallel to ¥ —axis including this curve is the required surface.

Therefare. the surface looks like

L=E" 12 J =T7.538

= 0464




Answer 27E.

Consider the following function;
2
f(x,_y) =y +1
The graph has an equation, z:.-y’ + 1. which is a parabola in the )z —plane.
The vertex at (LD]. and also, the graph of the function f[x,_y) has an equation

f(x,_}-'} =y +1 or z=y*+1, which represents a paraboloid in three dimension.

The graph of the function .,f'(_:.g y) = f +1 is as shown below.

The graph of the function f(x,y}=y2+1

Answer 28E.
Consider the foltowing function:

f(x,y] =1+2x" -i-ZJ,r1

Let the surface be z= f(x,y)=1+2x" +2p".
As 14237 +29° 0. 20

S0, the graph of the surface is along the positive z-axis.
Put y =(in the equation of the surface z =1+ 2x* + 2y
z=1+2y"

S0, yz-plane intersects the surface in a parabola.

Put x =k(constant)in z =1 +2x% + 2y

z=1+2k2+2y7

This means that, if slice the graph with any plane parallel to yz-plane, a parabola obtained
that opens upward.



Put y=k(constant)in z =1+ 2x" +23°
z=1+2x"+2k*

So, again a parabola is obiained that opens upward.

Put z = k(constant)in z =1+2x7 + 2.
k=142x"+2y°

k=1=2x*+2y°

2 2
This eguation represents the family of ellipses for different values of §

S0, by this description, the surface is an infinite elliptic paraboloid
The graph of the surface - =1+2+7 +2_1.-3 is shown below:
Z

z=f(x,y)=1+2x2 +2)? 4 elliptic paraboloid




Answer 29E.
Consider the surface z=9—x* —0)°

This equation can be written as,
O +9yt =9-z
As X' +9y*20.9-z20

S0, 259

So the surface is along negative z-axis below the plane z =9
Put x=0,y=0in z=9-x"~95*,

=9
So the veriex of the surface is (0,0,9)

Put z=f in z=9-x" -9,

X499y =9k

So, for the different values of k, this equation represents the family of ellipses.
Put x=k in z=9-x"-937,

z=-9y" +(9- k%)

So, for the different values of k, this equation represents the family of parabolas opens
downward.

Put y=k in z:?—_rz—gyl.
z=—.r1+(9-9k1]

So, for the different values of &, this equation also represents the family of parabolas opens
downward.

z=9-—x" -9y’ z=9—x" —9y"

In particular, for x=0,z=0, 0=3-0-2y" And, for py=0,z=0. O s B
9y* =9 ¥ =9
y==Il x=13

the surface is passing through the points (0,1,0),(0,~1,0). and (3,0,0),(-3,0,0) So, from

this description, the surface represents an elliptic paraboloid opens downward.



The sketch of the graph of the surface z =9—x* —93? is shown below:

=BTS

I= =375

(0-10)




Answer 30E.

To sketch the graph of the function = [4x* + 42 , first simplify this equation as follows:

z=J4x +3°% o (1)
z'=4x*+y (Squaring on both sides)
This is can be written as.

2 ] 2
z ¥ v

W 1oL A
If [])’ L
2

The equation of a cone is,

2 2
A= W S
¢ a b

S0 by comparing the equations (2), and (3). the equation (1) represents the equation ofa
cone.

But by (1), since z > (), the graph of z is just the top half of this cone.

The graph of the cone - = ||'.4I=' + y* 15 shown as follows:




Answer 31E.
To skefch the graph of the function - = I'I4—4.x1 _}J . first simplify this equation as follows:

s Jd—4x? =

z'=4-4x"—»"  (Squaring on both sides)
4’ +y° +27=4

2 .
X°. ¥z

1 f+ vl

The equation of the ellipsoid is,

.
-

=1 (Dividing both sides by 4) ... (1)

By comparing the equations (1), (2), the equation (1) represents an ellipsoid.

BUt, z=,/4—4x" —*

Since = > (). this equation represents top half of the ellipsoid.

The sketch of the funclion z=,f4_4x* — y* 15 Shown as follows:




Answer 32E.

a) f(x, v) = x| +|y| the graph of this function is VI

When x=0 z=|y| and when y=0 then z= |x|

b;l jr[_rT J;} = ixy! maich with v
When x=1 then z=|y| and when y=1 then z={x|

When x=0 then z=0 -and when y=0 then z=0




="+

C) f{:L }:J == ; its graph is |

i {
Whenx=0 z = > and wheny=0 ==

I +y s

When x=y=0 then z=1

When y-— @0l p— wthen -— )




d) f(xﬁy]z [ —yEJ' match with IV

LY

When x=+y then z=0

When x=0 then z=y4 and when y=0 then z=x4

e) f{kx-‘ _!}j =t —}.-f match with 1l

When x=0 z=x2 and if y=0 then z=x2
It x=y then z=0




We have a sine function.
When x=0 z=sinjy| and when y=0 z=|x|

When x=y=0 then z=0

Answer 33E.
Sketch a contour map of the following function £ as follows:

il ¥ x

A
]

AT T

[[{/]=
1§

[ 25
H/J..--
WA AT Tk




The point (—3,3] lies between the level curves f (_r, y) =50 and f (Jc1 y) =60, The point is
little closerto  f ( X% y) =60, so, the estimated value is as follows:

F(-3,3)=356.

similarly the point [3, —2} appears to be just about halfway between the level curves
f(x,y)=30and f(x, ) =40. So. the estimated value is as follows:

f(3.-2)=35.
Therefore, the values of f{-3,3) = |56 and f(3,-2) 5‘:

From the graph. observe that the level curves rises when it approaches towards zero,
gradually from above and steeply from below.

Answer 34E.
2460-14.1-34E 8A Code: 767
SR Code: 733
RID: 587

Fven below 15 the diagram.

g




(a) Let z denote the level curves.

We note that the point O lies between the level curves z =1016 and z =1012.
since the point 15 httle closer to the level curve 2=1012, we estitnate that the
atmospheric pressure at Chicage 1s about 1013 mhb

simitlarly the point M lies near the curve 2 =1012
Thus, we can say that the atmospheric pressure at Mashwille 15 about 1011.9 mb.

The point 5 lies between z=1008 and z=1012.
since the point 13 nearer to z = 1012 |, atmospheric pressure at San Francisco 18
about 1011 mb,

MNow, the point ¥ lies close to the level curve 2 = 1016 Therefore, the
atmospheric pressure at ¢ 1z about 1017 mb.

(h) The regions where the 1scbars are close together are the areas where the winds are
strongest. From the given map, we can say that stronger winds blow at San
Francisco.

Answer 35E.

Let z=f |:x, y:] ke the required function, where x 13 the depth of the lake, ¥ 15 the time of

the year, and z 15 the water temperature.

We have to find f[lED,ID).

We note that the point (160, 107 lies between the level curves z =8 and z =12,
since the point 15 little closer to the level curve 2= 12, we estunate that

F(160,10) = 11°C.

similarly, the point (180, 5 lies between the curvesz =16 and z =20
Also, the point iz closer to the curve z = 20

Thus, we can say that 7 (180, 5) = 19.5°C.



Answer 36E.
Consider the following two contour maps:

-
g

£ y i i . _}? T

L

&
Z

S,

FigI Fi

2N

i
=

Suppose the surface has the following equation:
2= [x, _]f}.
A contour is obtained by slicing the surface with a horizontal plane with equation, ==k,

The z values of the cone centered at the origin increase at a constant rate. so the level
curves of the cone are equally spaced.

Sketch the graph of the cone is as shown below




Suppose the surface has the following equation
z= g{L _]r:}.
A contour is obtained by slicing the surface with a horizontal plane with equation ==k,

A paraboloid has vertex at the origin, on the other hand the values of z changes slowly near
the origin and move quickly as move farther away. Thus, the level curves of the paraboloid
near the origin to be spaced more widely apart than those from the origin.

Sketch the graph of the paraboloid is as shown below

Therefore, the contour map in Fig | corresponds to the paraboloid and contour map in Fig 1l is
corresponds to the cone.

Answer 37E.
On the map of the Lonesome Mountain, the surface of a graph is steep where the level curves

are close together and more gradual where they are farther away. Notice that the level curves
are relatively close together near A and retatively far apart near B. Therefore, the terrain is
steep near A and gradual near B.

Therefore the level curves at point A are very close together, indicating that the terrain is

quite steep|and at point B the level curves are much farther apart, and then expect that the
terrain is less steep than at the point A So the terrain near Bis ‘




Answer 38E.

From the give figure, we can say that the contour map has four peaks.
Thus, the function representing the given graph waill be of the

f[:x, y) _ x.‘,yq,g—l:x?.g.yiﬁ:l-

How, sketch the contour map of the function

)

O

1
L2

]

| ]

i
o=
oy
Lak




Answer 39E.

The level curves fixy) =k are just the traces of the graph of Tin the horizontal plane z =k

projected down to the x-y plane. The surface is steep where the level curves are close together
and somewhat flatter where they are farthere apart.




Answer 40E.
The level curves f(x.y) = k are just the traces of the graph of T in the horizontal plane z = k
projected down to the x-y plane. The surface is steep where the level curves are close together
and somewhat flatter where they are farthere apart.




Answer 41E.
Consider the following contour map:

"




Observe that each curve is symmetric about the line y = x. S0, each curve is possesses an
inverse in the 1st guadrant itself. Assuming the label at each curve is the height, the surface
looks like two furls symmetric about the line y = x. The label 0 along the line,

¥ = x shows the symmetric furf that touches the xy - plane along » = xand bulges from there.
Each contour is labelled on the surface as well. This iz shown as follows:
e




Answer 42E.

Consider the following contour map:

¥y

The objective is to make rough sketch of the graph of .



Observe that, the surface of a contour map of a function is a pyramid with four walls and it is
like the top half of an octahedron.

In fact, it is the graph of the function such as f'(_r,y]=3-|_r[_}y|

Lse the contour map of a function, the rough sketch of the graph of 7is shown below:

=
=] |l




The horizontal traces are squares and the level curves are equally spaces, which means that
the steepness along the graph remains constant. The surface is given by a pyramid with a
square base.

Answer 43E.
Consider the following function:

2
F(xy)=(y-2x).
The objective is to draw the contour map of the function and show that the several level curves.
Use the result.

The level curves of a function f of two variables are the curves with equations f(-‘ﬂ_}’] =k

where k is a constant.



The given function is.

F(xp)=(r=2x)

The level curves of f(x,y) are

.
s

(y=2x)" =k, k=0;-3,-2,-1,0,1,2,3..

Sketch the level curves with £ =0,1,2.3.4,...

Draw the following level curves with £ =0,1,2.3.4,...

k=0 k=1

Therefore, the contour lines in the graph form a band.




Answer 45E.
We have f(x, y) = «,"E + . The level curves are given by \-"; ¥ Sk

¥y = —ﬁ+£:.

Let us sketch the level curves by replacing fwith -2, -1, 0, 1, 2, 3, and 4.
y

A
!
!

4

Answer 46E.
We have f(x, yj = 111[[;':2 + 4}?2). The level curves are given by In ICJr:2 + 4}:2:] =k or




Answer 47E.
Consider the following function;

flxy)=ye"
To draw a contour map of the function, show several level curves.

To complete the drawing, graph equations with varying values of ¢ as a value of the function.
ye' =c

To graph this equation, first solve for » .

ye'=¢
Y
}’=F
=e2 "
S0, y= oot

For example, the equation where ¢=] 5 y= (I)e'*_
Similarly, put ¢ =-1,-2,-3,-4,2,3,4 in the function, y=gce ™.
Then graph the curves at those values of c¢.

The graph of the level curves with varying values of ¢ is as shown below.



L= |
'
&+
TTr

Answer 48E.
Consider the following function;

f(x,y)=ysecx
To draw a contour map of the function, write several level curves of the function. f.
To complete the drawing, graph equations with varying values of ¢ as a value of the
function.

Let ysecx=c

To graph this equation, first solve for ¥

ysecx =¢
5
.1: :
SCCX
¥V =roeosx

For example, the equation where ¢=4 15

v=4cosx



The graph of the level curves, with varying values of ¢ is shown below

£

L=

-""-.._
%
\

=

o

Answer 49E.
Consider the following function

flwy)=r -+
The objective is to draw the contour map of the function
The contour map can obtain by setting up the function f{Ly] =k ,where f is aconstant

Draw the level curves for various values of f



The level curves of f(x,y) are

Jyi =t =k k=.,-3-2,-101,2,3,..




The graph of can be confirmed by using by a CAS.
Use the following Maple software commands.
with(plots);

contourplot{sqrt(-x*2+y*2), x=-3 .. 3,y = -3 .. 3);

The Maple output is shown below.




Answer 50E.

The equation of a curve is (%) =%— .
(x*+)%)

The objective is to draw a contour map of the function showing several level curves.
Recollect that the level curves of a function ¢ of two variables are the curves with equations

j'{x,y] =k .where }isaconstant

So, the level curves of f(x, y) are.

s L ey
(x2+y"'] ke k= 32 LBLES..

These level curves are shown below:

o Tl
Fer)
S B
o)
Y
(_t2+y2)

Y .
Fer)

¥
(+r7)

¥
o)

=]



The contour map showing different level curves are shown below:

F=
¥

Answer 51E.
Consider the function f(x,y)=x"+9)".
The objective is to sketch both contour map and a graph of the function and compare them.

Recall that the definition of level curves, the level curves of a function f of two variables are
the curves with equations f{xﬁ y} =k . where fisaconstant



The level curves of f(x,y)are x* +9)* =k, k=0,1,2.3.....
This is family of concentric circles with center [{},ﬂ]and radius Jk -

The cases k=0,1,2,3,...are shown in the below figure.

o=k

¥ =



The figure shows a contour map along with level curves for the function

S(xp)=x+9y",

Alevel curves f(x,y)=kis the set of all points in the domain of f atwhich f takeson a

given value k. In other words, it shows where the graph of £ has height k.
Observe the two graphs, the relation between the level curves and horizontal traces.

The level curves f(_]_’h}‘]:k are just the traces of the graph of f in the horizontal plane
==k projected down to the Xxy-plane.

Draw the level curves of a function and visualize them lified Up 1o the surface at the.indicated
height.



Answer 52E.
Consider the function £ (x, 1;} " .JE.(;. -0y’ -4y

Recall that the definition of level curves:
The level curves of a function § of two variables are the curves with equations _f(x,y] =

where- kis a constant.

The level curves of f(x,y) are

J36-9x —4y* =k, k=..,-3,-2,-1,0,1,2,3....

Sketch the level curves with £k =1,2.3.4.5:

J36-9x2—437 =k




The figure shows a contour map along with level curves for the function
f{x.y) = J35—9.\:2 -4y,

Use Maple to check the contour map showing several level curves.

Maple Input:

> with(plots):

> contourplot(sqri(36-9%(x*2)-4*(y*2)), x=-3..3.y=-3..3);
Maple Qutput:

> with( plots) :

5 plotid [ 36—9P =45 . x==3.3,3=-3 _3):

g ]

L]

I -
Alevel curves f(x,y) = kis the set of all points in the domain of f atwhich f takesona

given value k In other words, it shows where the graph of  f has height g,

Observe the two graphs, the relation between the level curves and horizontal traces. The level
curves f(_r,y) = k are just the traces of the graph of f in the horizontal plane z =
projected down to the xy-plane. So draw the level curves of a function and visualize them

being lifted down to the surface at the-indicated height. The surface is steep where the level
curves are apart from each other. It is somewhat flatter where they are close together



Answer 53E.

Consider the data,

A thin metal plate, located in the xy-plane, has temperature T[x,_y) at the point (_r,_y}. The

level curves of T are called isothermals because at all points on-an isothermal the temperature
is the same.

To sketch some isothermals if the temperature function is given by

100

)= ey

Recall that the definition of level curves:

The level curves of a function £ of two variables are the curves with equations f(x,y} =

where kis a constant.

From the definition the level curves are

e 100
- (I+f +2_}r1)
(1+x2+2y!)=%
x° +2_}-‘1 —%-I




This is a Tamily of ellipse with center {{Lﬂ}. The cases k=1,2,3,4,5are shown in the below

§ =y

figure.

Answer 54E.
Consider the data,
If V[l'.r?y]l's the electrical potential at a point [_r,y}iﬁ the xy-plane, then the level curves of

j~are called equipoiential curves because at all points on such a curve the electric potential is
the same

To sketch some equipotential curves if V[J-:._v}= =, where cisa positive

constant.
Recall that the definition of level curves:

The level curves of a function f of two variables are the curves with equations f'[r"-,l’} =k

where kis a constant.



The level curves of |7 have the following form, where ¢, k,r are positive constants

V(.r,y] =k

]

4y =K Since r* _[{I) = K*

This is a family of circles with center [{lﬂ] and the radius g. Thecases R£=12,3.4.5 are

shown in the following figure

x2+y2 =K?




Answer 55E.

Consider the function f(x,y)=uxp" —x*

2

Use a computer to graph the function f(_r,y] = Xy —x'. Notice that we get an especially good

picture of a function when rotation is used to give views from different vantage points.

Use Maple to graph the function using various domains and viewpoints and get a printout one
that, gives a good view.

Maple Input:

= with(plots):

> plot3d{x"{y*2)-(x"3),x=-2. 2 y=-2_2),
Mapie Output:

> with( plots)

= p!a:j'a'(x-yz = xj, x==2.2,y=-2.2 :';

Figure-A



Maple Input:

with{plots).
contourplot{x*{y"~2)-(x"3).x=-3..3.y=-3..3);
Maple Output:

= with( plots) :

- canmume’m(.r-f — .r]~ x==3..3,y=-3.3 );

Figure-B
Observe from the figures (A) and (B) the graph of _f is very flat near the origin and the
contour lines deviate from the origin.



Answer 56E.
Consider the function f(x,y)=x" =y’

Use a computer to graph the function f(x,_‘p]: _13,:-‘ -_1.='x'1. Notice that we get an especially
good picture of a function when rotation is used to give views from different vantage poinis.

Use Maple to graph the function using various domains and viewpoints and get a printout one
that, gives a good view.

Maple Input:

= with(plots):

> plot3d(x*(y*3)-y{x"3) x=-2..2,y=2..2);
Maple Output:

> with( plots)

- pfﬂf_?d(.l"_'l’z = .1'3, x=-2.2,y=-2.2 );




Maple Input:
with{plots]:

contourplot{x*(y"3)-y*(x"3) x=-3_3 y=-3._

Maple Output:

> with( plots ) :

=

[}

-

:’ .:_'.r:u.in!‘fmn''Jm"n.l‘{.'I:-1}-"1 -y .1:3, x==3.3,y=-3.3 }:

e

W

>\tf//ﬁ

3 2 -1 0

N\

VI \

Figure-B

Cbserve from the figures (A) and (B) the graph of f is very flat near the origin and the

contour lines deviate from the origin.



Q57E.

e f{-’f,_}’:‘ - E_(:r?ﬂ-?)-'? (Siﬂ |[?(2 :]+ Cos (‘},2 :l)

Let us start by sketching the graph of the given function

14
0.6
0.1
- 50
2.5
0.4 y

5.0 a5

oo 25
i

5.0

Wowr, sleetch the contour lines of the function

‘¢

Q

L3 _|

"We note that the curves in the contour map are crowded towards the origin, which means
the graph 1z steep at the origin.



Answer 58E.

Given f{xz v) = cosxcosy
Let us start by sketching the graph of the given function

Now, sketch the contour lines of the function.

I\

N7

‘We note that the curves in the contour map are crowded towards the origin, which means
the graph 1s steep at the origin. Similarly, we note that the steep points in the graph are
represented by closely packed curves 1n the contour map.



Answer 59E.

Consider the function z =sin(xy)

()
Since the function sin (_1}-}'}5 a periodic function and whose value range from —| to 1, this
follows that the funciionr z :sin{:;u,}r}represents a surface which looks like fidal waves in a sea,

that lies in between the planes =] and z=-]. Generally the sine function has the smaller
angles this follows that, for smaller values of x and ¥ the surface will be almost flatter to  xy-
plane it means the surface will be somewhat flatter near the origin. Hence the function matches

with graph C.

The graph of the function z = sin{x_}-’} as shown in the below figure

Find

(b)

Recall that the definition of level curves:

The level curves of a function f of two variables are the curves with equations _f'{_r,y]: k.
where kis a constant.

The level set sin[xy] = k consists of infinitely many curves. To see why each level setis a
bunch of curves, look at the example 5i|1[,1;y] = % This is satisfied when

a 3x 3z lir
VS — s

6 6 6 6
Observe the surface of the function, which is almost flatter to xy-plane it means the surface
will be somewhat flatfer near the origin and the confour lines deviate from the origin.

,+++ . This describes a bunch of curves.

S0 the contour map for the function is as follows



Hence the function matches with contour map [],

Answer 60E.

Consider the function z =¢"cos y

(a)

Let the function z =¢" cos y IS an increasing function. It increases exponentially as x does.
Since the cosine function has a pericdic and even. Hence the function matches with graph A,

The graph of the function z =¢" cos y as shown in the below figure




i)

Since the function z =e"cos yis an increasing function. It increases exponentially as x does
and the cosine function has a periodic and even. From this is can be seen that A is the correct
graph of the function. Now projecting down the level curves of the graph A gives cross section
v

So the contour map for the function is as follows

.

Hence the function matches with contour map [V,



Answer 61E.

Consider the function z=sin(x-y)

()
Since the function sin(x - y)is a periodic function and whose value range from _| to 1, this
follows that the function z = sin(x -y}representﬁ a surface which looks like tidal waves in a

sea, that lies in between the planes -=1 and 7= -1 Generally the sine function has the
smaller angles this follows that, for smaller values of x and ¥ the surface will be almost flatter
to x-plane it means the surface will be somewhat flatter near the origin. Hence the function
matches with graph F.

The graph of the function z =sin{x - y)as shown in the below figure

Recall that the definition of level curves:

The fevel curves of a function j§ of two variables are the curves with equations If(_rﬁy] =k,

where [EIis a constant.

The level set :-;in(_v; -y} = k consists of infinitely many parallel lines. To see why each level set

is a bunch of parallel lines, look at the example sin [.r—y] = % This is satisfied when



Observe the surface of the function, which is almost flatter to - xy'-plane it means the surface
will be somewhat flatter near the origin and the contour lines deviate from the origin.

S0 the contour map for the function is as follows

3’/

1_."

al

Z.

Hence the function matches with contour map [,



Answer 62E.
Consider the function z=sinx-siny

(a)
Since the sine function is a periodic function and whose value range from _1 to 1, this Tollows
that the sine function represents a surface which looks like tidal waves in a sea.

But there are two sine functions, so there should be a sine wave in either the X orthe ¥
directions. Hence the function matches with graph E.

The graph of the function z =sinx—sin yas shown in the below figure




I 4] ]

in part (a) the figure just like in a map of 3 mountain range. As there are multiple sine waves all
across, the contour should resemble a bunch of humps.

So the contour map for the function is as follows

G~

@
(
®
(

OO O

Hence the function matches with contour map [1L

bob



Answer 63E.
Consider the function z= (I -2 (1 -3r1}
(a)
in this function, the parabola z = (l-rf )isthe trace in the xz-plane and the parabola

zi= [] - ] is the trace in the yz-plane. Hence the function matches with graph B,

The graph of the function z ={I —x ]{I —y:\}as shown in the below figure




o

(o)
In part (a) Observe the surface of the function, which is almost flatter to  xy-plane it means the
surface will be somewhat fiatier near the origin and the contour lines deviate from the origin.

This function is zero along the lines y=+jand y=+L.
S0 the contour map for the function is as follows

v

a

Hence the function matches with contour map Y]



Answer 64E.

X—y
Consider the function z= —-:]—-
l+x" 4+

(a)
As the values of xand y increases, the function should flatten out to resemble something like
a flat plane. The surface will be a xy-plane for the equal values of xand ). Hence the

function matches with graph .

The graph of the function z= I_“:JL__ as shown in the below figure
+X° 437




(B

The contour map should show two large mountains that gets flatter and flatter more and more
slowly as the x's and »'s increase

1_."

=
3

Hence the function matches with contour map V,



Answer 65E.

Describe the level surfaces of the function, f{x,y,z} =x+3y+5z

Level curves:
The level curves of a function f of two variables are the curves with equations f(:c_.y] =

where kis a constant.

The level surfaces of f{xhy,z):_r+3y+53 are k=x+3y+5z

The four particular level surfaces with k=-5,0,5,10 are,
x+3y+5z+5=0.

x+3y+52z=0,

x+3y+5z=-5=0.

x+3y+52z-10=0.

An equation of this form describes a plane, so the contour surfaces are the family of paraliel
planes.

Use Maple to check the contour map showing several level curves.
Maple Input:

> with (plots):

> implicit plot(x+3y+5z. x=-3..3.y=-3..3.2=-3..3):

Maple Output:

> with| plos) :

> fmpﬁ-:'irp.fmjff{x +3p+Snr=-3.3,p=-3.3,:=-3.3 }:




Answer 66E.

Consider the following function:
f[:x,y,z:l =3+ 3_}-': +5z°
Recall the following definition of level curves:

The level curves of a function f° of two variables are the curves with equations f(x,_}:] =K.

Here, kis a constant.
The level surfaces are x* +3y" +5z° =k - Here, k20.

These are family of ellipsis for %k > (and this isthe ofigin it t=0.

| x?+317 3572 =9

—— X7 +3yl+572=16

[ x2+3y2+572=24

Answer 67E.
To describe the level surfaces of the function f (xﬁ y,z} = J,:-z +z?. need the following steps.

The level syrfaces are }.-1 +20 =k where k>0

These surfaces form a family of circular cylinders with x-axis as the axis.



For example, the level surfaces corresponding to the values k =1,k = 2,4 =3are shown as
below:

Answer 58E.

From the given equation, we can say that each lewvel surface has an equation of the form
% —y2 -z =k On substituting 0 for &, we get % —y2 —# =10, which represents an

elliptical cone.

similarly, the level surfaces corresponding to the values k=1, b= 2, k=3 are fanuly of
elliptical cones.

Thus, the level surfaces for the given equation are a family of elliptical cones, for £ = 0.



Answer 69E.
To describe the graph of g is obtained from the graph of .

Recall that the Vertical and Horizontal shifts:

Suppose ¢ (). To obtain the graph of

y=f(x)+c. shift the graph of y = f(x)adistance cunits upward
y=f(x)—c.shift the graph of y = f(x)adistance cunits downward
y=f(x—e¢). shift the graph of y= f(x)a distance cunits to the right
_p:f(,x+ c}: shift the graph of _p:_f(x]a distance c¢units to the left

Recall that the Vertical and Horizontal Stretching and Reflecting:
Suppose p = (). To obtain the graph of

y=cf (x). strefch the graph of y = f(x) vertically by a factor of ¢

o= [ljf(x) compress the graph of y = f(x) vertically by a factor of ¢
c

_}-':fl:cx). compress the graph of _p:_f(_r] horizontally by a factor of ¢
J’=f[£]~ stretch the graph of y = f(x) horizontally by a factor of ¢
¢

y=—f(x).reflectthe graph of y= f(x)aboutthe x.axis

y=f(=x). reflect the graph of y = f(x)aboutthe y-axis

(a)

Let g(x,y)=f(xy)+2

From the Verical and Horizontal shifts,

y=f(x)+ec. shift the graph of y= f(x)adistance c units upward
Hence the graph of gis obtained from the graph of f by shift the graph of
g(x,y)=f(x.y)a distance 2 units upward.

(D)

Let g[_l:,y)z .?,f[.r,y)

From the Vertical and Horizontal Stretching and Reflecting:

y=cf (x). stretch the graph of y = f(x) vertically by a factor of ¢

Hence the graph of gis obtained from the graph of £ by stretch the graph of
g(x,¥)= f(x,y)vertically by a factor of 2.



(c)
Let g{x,y} = -f(x,_j;]
From the Mertical and Horizontal Stretching and Reflecting:
y= -f{x]: reflect the graph of y = f{x] about the y-axis
Hence the graph of gis obtained from the graph of f Dby reflect the graph of
g(x,¥)= s (x,y)about the xp-plane.
(d)
Let g(x.y)=2-f(x.y)
=—f'[:r,y}+2
From the Vertical and Horizontal shifts,
y=f(x)+ec. shift the graph of y= f(x)adistance c units upward
From the Vertical and Horizontal Stretching and Reflecting:
y=~f(x). reflect the graph of y= f(x)aboutthe y-axis

Hence the graph of gis obtained from the graph of f by reflect the graph of
g[,r,_p) — f{x,_}?] about the xy-plane and then shift it upward 2 units.

Answer 70E.
To describe the graph of g is obiained from the graph of f.

Recall that the Vertical and Horizontal shifts:
Suppose o= (). To obtain the graph of
y=f(x)+c shiftthegraphof y= f(x)adistance cunits upward
_p:f{x)-.:-__ shift the graph of _p=f(x]a distance ¢ units downward
f(x=c). shift the graph of y = f(x)a distance cunits to the right
)

J.':
y = f(x+c), shift the graph of y:f{x a distance cunits to the left



(a)

Let g(x.p)=f(x-2,y)

From the “eriical and Horizontal shifts,

_}*=f{x—c], shift the graph of y:j{_t]a distance cunits to the right

Hence the graph of gis obtained from the graph of f by shift it 2 units in the positive
x-direction -

(B)
Let g(x,y)=f(x»+2)
From the Veriical and Horizontal shifts,

¥ = f(x+c). shift the graph of y= f(x)adistance cunis to the left

Hence the graph of gis obtained from the graph of # by shift it 2 units in the negative
y-direction -

(C)

Let g[r,y}zf{l+3-,_}’—4)

From the Vertical and Horizontal shifts,

y=f(x+ c:}, shift the graph of y:f{x}a distance c¢units to the left
y= f(x=¢), shift the graph of y = f(x)a distance cunitsto the right

Hence the graph of gis obtained from the graph of £ by shift it 3 units in the negative
x-direction then 4 units in the positive y-direction .



Answer 71E.

We have f(x, yj = 3x —.1.'4 —4‘1;2 — 10xy

We have a polynomial function. We start with —35 <y < § and —35 <y < § and then we

use variuos ranges.

Bange -+ Automatic Range - {-10, 10}

Range - {0, 13} Range - {0, 14}



Range + {0, 15}

Mow we can use diferents viewpoints for the range {0,168}

ViewPoint + Front




WiswPoint + Top

¥ vriewPoint -+ Below

-5




From the front view graph, we can say that the maximum value appears to be 15,

We can say that we can see two local maximum points. (Both hilitops)

There does not appear to be any local minimum point.



Answer 72E.

Eiven

j’(x, _FJ T

Using a computer to graph the function we get




For-2

ViewPoint —» Top

WViewPoint - Front

2
0.1 P _ {-
AT ! L
57 .'ﬂ::\l‘::l'* = E
R - L__t.%q';. 1
0.0 r [
| e ;
0.1 F i}
. » 0OF
12
—_— _1 x I:I 1 -
-1
-4 1 1
-2 -1 0



From the graphs we can see that the function has two hilitops and two vally bottoms.

The maximum values are local maximum pﬂihts " 0.18,the neighboring points give lowest
values of f.

The minimum values are local minimum points (z 7 -0.18), the neighboring points give greater
values of 1.



Answer 73E.

o
f £ty

We have j-k_r: P s

Using CAS we get:




1) As x and vy increase, the function values appear to approach 0.
2) As (x.v) approaches the origin, the graph exhibits asymptotic behavior.
3) From some directions, f{x.y)}— -=.

4) From the contour map we can see that f(x.y) approaches 0 along the line y=-x



Answer 74E.

We have f[-’ﬁ_}!]= ?-:_+. ?

Using CAS we get:

0.oE

10

-5

78
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1) The function is undefined at the origin since the graph has different limiting values as (x.y)
approaches the origin.

10

L

e

2) From the graph the function values is 0.5 along the line y=x
3) Along the line y=-x, the value of fis -0.5.

43 Along the axes, f{x,y)=0 for all values of (x.y) except the origin

Answer 75E.
Consider the function 7 (x,y)=e™ "

To investigate the function f(x,_yjzg”"f’ and comment on it depends on ¢

Use Maple software;

Enter the function f{ X, J,;-] = E»ﬂ’ﬂ” , then go to plot option. We get the different plots for

different values of .

check different values for ¢, how the graph changes.



First, consider several graphs of the function.
For the function £ (x, )= o
Take =05

T
The graph o ,j‘(

) o Eé‘: + g

& ¥

For the function If{xf},] =e*'*'*"”
Take ¢=] .

The graph of f(x, y} L. e"'"-": =




For the function  £(x, },] =
Take ¢=2

The graph of f(x,y) — s




For the function f(x,_,u] = g
Take ¢=3 .

The graph of fl:x,y} =e"¢+"+ 2

For the function f{x,y] =g
Take ¢=10 -

The graph of f':x-}-’]z EJEI.-L':+_|.-*: ic

Therefore, as ¢ increases. the graph is stretched towards the x-axis.



Answer 76E.

We are given the function = I{axz + b}fg }e_f_ ¥" There are only three basic shapes

which can be obtained. Interchanging a and b rotates the graph by 900 about the

Z-3xis




1
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If a and b are both positive, then we see that the graph has two maximum points whose height
increases as a and b increase.

if 2 and b have opposite signs, then the graph has two maximum points and two minimum
points, and if a and b are both negative, then the graph has one maximum point and two
minimum points.



Answer 77E.
Consider the equation of family of surfaces.
z=x'+1y +ewy

Investigate the family of surfaces using a Computer.

For p==3:
The surface z =y’ +_],F +cxy intersects the plane z =4 =0 in a hyperbola.
10
¥ 5

-10



The surface z=x’ + y* +exy intersects the plane x =y inthe parabola z={2 _H_}x: and
the surface z = x* + y* +cxy intersects the plane x=—y in the parabola ,::=|[.?',-~rf:|_1r2 }
these parabolas open in opposite directions, thus the surface is hyperbolic paraboloid.

The sketch of the of the surface with »=—-10 :




The sketch of the of the surface with o =-2 :

FOf gD
So. the surface is,
z=x'+y +exy
z=x"+y =2xy
z=(x-2)

S0, the surface is constant along each line x—y=0, z=0 . The shape of cylinder is
determined by its intersection with the plane x+ y=0  where - _ 4% .

Thus, the cylinder is the parabolic with minima of 0 on the line y=x _
For _2<«e<and z=pforall xandy:

It x and y have the same sign. then

X4y rayzat 4y =2xp=(x-y) 20

if they x and y have the opposite signs. then

cxy =0



The intersection with the surface - = y° +y2 +cxy and the plane z =k > () is an ellipse .

1.5

The intersection with the surface z =x* + y* + exy and the planes x=0and y =0 are
parabolas z=y* andz=x’ respectively.

Thus, the surface is an elliptic paraboloid.

For =0 :

The graphs have same slope, but they are reflected in the plane y=()
As x4 37 +exy=(=x) 4y +(=¢)(=x)y

That is the value of z is same forihe for ¢ at (x,y) asitisfor —c at (-x,y) -



The sketch of the surface z = ° +}F +exy f0F ¢=0 -

The graph of the surface z=x"+ y* +exy for ¢=10

Therefore, the surface is an elliptic paraboloid for (< ¢ < 2 . 8 parabolic cylinder for =2
and hyperbolic paraboloid for g 2.



Answer 78E.

The objective is to sketch the graph of the given functions.

Caonsider the funclion .fr':-‘frf):\m-
Use Maple to graph the function f[x,_p}.
Input command:

with{plots).

plot3d(sqri{x*2+y"2), x=-3 3 y=-3 _3);
Maple result:

> with| plots) :

5 ;;Fur.id(..,l' 2 +}: sXx==Fdy=-3 ..3};




—_—

Consider the funciion f{-‘k‘-}'}=e"'"“-“_
Use Maple to graph the function j'[xﬁ_;:},

Input command:

with(plots);

plofad(exp(sqr(x"2+y"2)). x=-3 _3,y=-3 3)
Maple result:

= with( plois) :

> il g
pi'm.irf[ t:“'l ki A y==3 _.3);




Consider the function f(x,y) =|I'I[-|,fl.1’2 +y3).

Use Maple to graph the function j'(xﬂy].
Input command:

with{plots);

plot3d{In{sqri{x"2+y*2)). x=-3 .3,y =-3 __3);
hMaple result:

> with( plois) :

g ﬂ-’nﬂd(in{uf & +}: ],.r='3--31_1'=-3.,3};




Consider the function f(x,y)=sin {-,lllx! + v )

Uise Maple to graph the function f[x,,y}.

Input command:

with(plots);

plot3d(sin(sqri{x*2+y*2)), x=-3 .. 3, y=-3 .. 3);
Maple result:

> with| plots) :

3 ;,n!'m_i':i{:g.in(-.,! l:z -|-_p,'2 ),J.'=-3-__3,;==-3__3};




1
Consider the function Jf (x.») =ﬁ-
o

Use Maple to graph the function f‘[;r,_;:}_
Input command:

with(piats):

plot3d{1/sqri(x"2+y*2). x=-3 . 3. y=-3 .. 3)
Maple result:

> with| pfots) :

= plotdd +,x=-3 3y=-3 ..3]:

J &+

IlerllT#l?erlikl—[‘I:T;

Consider the function f(x,y)= g[-.,lfxl +3* )

Let g is a function of one variable.

To graph the function z= £ (x,y)= g(.,.l'x"* + 37 ] rotate the graph of z = g(x) about the z-

axis.



Answer 79E.
Wehave p— p7*° 2l %

a)Taking logarithms

[

InP=InbL"K'"~
IP=Inb+Inl" +InK" "

InP = Inb +alnl. +{1 —a)InK
InP = Inb +alnl + InK —alnk
InP —InK = Inb +afInL. — InK]

ln[%]= lnh-!—:::ni]n[ i ]

b)We compute x and y from the table and the result was rounded to 2 decimal places

Year|P |[L |K |x=In{L/K) |y=In{P/K})
1899] 100{100) 100 0.00 0.00
1900( 101{105) 107 -0.02 -0.06
1901 112{ 110] 114 -0.04 -0.02
1902 122{ 117|122 -0.04 0.00
1903 1241221131 -0.07 -0.05
1904 122[121] 138 -0.13 012
1905] 143[ 125) 149 -0.18 -0.04
1906] 152[ 134|163 -0.20 -0.07
1907|151 1401176 0.23 -0.15
1908] 126[ 123|185 -0.41 -0.38
1909] 155[ 143|198 0.33 -0.24
1910( 159[147) 208 -0.35 -0.27
1911 153[ 148 216 -0.38 -0.34
1912|177[ 155)| 226 -0.38 -0.24
1913] 184 [ 156) 236 -0.41 -0.25
1914| 169[ 162|244 -0.47 -0.37
1915] 189| 156) 266 -0.53 -0.34
1916| 225( 183 298 -0.49 -0.28
1917|227 [ 198] 335 -0.53 -0.39
1918| 223[ 201] 366 -0.60 -0.50
1919] 218[ 196) 387 -0.638 -0.57
1920] 231(194) 407 0.74 -0.57
1921 179] 146) 417 -1.05 -0.85
1922 240[ 161|431 -0.98 -0.59

Using CAS we get that the least squares regresion line through the points (x.y) is given by

p= (.75x +0.01 (We round the formula to 2 decimal places)



¢)We have

y=0.75x+0.01

v= gx +Inb

Comparing we get that

Inb=001 then b= O =101

g=075

S0 the Cobb-Douglas production function is

= hI.&.Kl_ﬂ

p= 101" g =078

025

P=101L""K



