ANSWER KEY FOR LAB MANUALS

LAB 1 M oDELING OLD FAITHFUL 'S ERUPTIONS

Modeling Data

1. An acceptable answer should state that the duratéomd intervaly have a positive correlation. This means the
student should understand that as the duration of an eruption increases, the interval between eruptions increases.
Likewise, as the duration of an eruption decreases, the interval between eruptions decreases. A reasonable
explanation of why andy are related in this manner is that after an eruption, water seeps into the geyser's
plumbing system to replace the water that was forced out by the eruption. For a long eruption, more water is forced
out than a short eruption and it will take longer for the plumbing system to refill with water. Also, it will take
longer for the water to be heated to produce the next eruption.

2. A best-fitting line drawn by hand should be reasonably similar to the one shown in the graph below.
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The equation given should match the graph. For the graph shown above, the equation is
y = 11.824x + 35.301.

3. A conclusion about how good a model is will vary. However, the reasoning to support the conclusion should be
sound. A discussion of how closely the model fits the data graphically and numerically, perhaps giving the model’s
average percent error and other valid mathematical reasoning would be appropriate.

4. A better-fitting linear model would have a smaller sum because the square of the differences between the actual
y-values and the model's values would be smaller than the differences between thg\adued and the values
of the model from Exercise 2. Because the better-fitting linear model has smaller differences between the actual
y-values and the model’s values, the sum of the square of these differences will be smaller.

5. Squaring the differences prevents negative differences from making the total difference look smaller than it is.
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6. Students shouldhoose the model thaesults in the smallest sum of the saubdiferences of the actugtvalues
and the moded'y-values.This is the model thdits the déa gven in this Id “better” Some students migick the
Yellowstone Rik model just because it is tiellowstone Rik model,even if the studend’ model is &better” fit
to the déa gven in this l&. If that is the caseched their rrasoning Students thtachoose thérellowstone Rk
model mg decide thathe model usedybyellowstone Rrk to predict the intevals betveen Old Rithful's
eruptions is based on auth lamger set of d& than via is gven in this I& and thegfore is moe accuate in the
long tem.

7. The least squas model should be the beisttd this lab’s dda because it minimés the diferences beteen its
results and the da

8. Model fom Exercise 2:Answer will vary
Yellowstone Brk Model:y = 14x + 30
Least Squass Modely = 11.824x + 35.301
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9. A quadetic model is a slighyl better ft. Students masite a lover least squass diference or a slight denward
curve in the visual pigem of the déa.

LAB 2 THE LIMIT OF SWIMMING SPEED

Finding Limits

1. Answers will vary. Che& the easonbleness of the amgers. If a student thinks theiis no limit to humanthletic
performance they should &plain hav an dhlete canwim 100 metes in O seconds (or better).

2. Estimaes of a laver limit should ange betveen 45-48 second&n estimaion for the mers 100-meter &estyle
recod in the year 2000 should bébaut 48 seconds.

3. Using gaphical estim#on to pedict a easonble recod for a man towim 100 metes in the yar 2000an
ansver should belaout 47.5 secondé numeiical estim&e can be obtainedytsubstitutingx = 100 into the
model to obtairy = 47.7435.
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. The estimée for Exercise 3 should be the same as the one obtan&kbve, Maple, Mathcad Mathemdica,
and a gaphing utility. Answers will vary. Some students maeason thiathe estimte in Eercise 2 is the mear
reasonble estimae because the tiavaries fom the model. Other studentsynaason thiathe estimee in
Exercises 3 and 4 is the moreasonhble estimée because tlyeare moe eact.

. They-values gven in the éllowing teble have been ounded to dur decimal places.

Year, X 100 150 200 250 300
Time,y | 47.7435| 45.7794 45.111p 448114 44.6538

The laver limit gopeas to be hout 44.6 seconds.

. The model is besbf the yars gven in the l&’s Dda. The model is not asliable for yeass outside thisange.
For example the recod in 1905 vas 65.8 secondbut the model sgs the ecod was dout 1277.9 seconds.
Likewise the model has noay of accounting dr future trends,sud as impoved tiaining methodshetter
nutrition, better ghletes,etc

. Answers will vaty. Logic tells us thez nust be a lever limit and the limit mist not lie beler zero. The la,
however, only shaws thd thete is a modelgcovering 30 years of dda, with a lover limit.

LAB 3 FALLING OBJECTS

Fir st and Second Dawatives

1. A quadetic model would be a god ft to the height d@. A linear model wuld be a god it to the \elocity dda.

They are both deaasing

. The alues in thedllowing ansvers hare beenounded to six decimal places.
Position Function: s(t) = —4.967840t? — 0.237435t + 0.291470
Initial Height: sy = 0.291470 meter
Initial Velocity: v, = —0.237435 meter per second
Velocity Function: v(t) = s/(t) = —9.935679t — 0.237435
Acceleration Function: a(t) = s(t) = —9.935679

. No. The gaph of the function passes tlugh or toubes ony two of the déa points. Ealuaing the \elocity
function fom BEercise 2 br the times iyen in the d&a teble shavs tha the \elocity functions eror is dout
0.1 meter per second or necat ead time This is too lage of an eror for a set of glocity dda where the initial
velocity is —0.16405 meter per secand

. The alues in thedllowing ansvers hare beenounded to six decimal places.

Velocity Function: v(t) = —9.785271t — 0.146953
Acceleration Function: a(t) = v/(t) = —9.785271

. The \elocity function fom Exercise 4 is a betteitfto the déa. The gaph of the Eercise 4 elocity function
passes tlmugh moe of the déa points than thergph of the Errcise 2 elocity function. Ealuding the \elocity
function fom Eercise 4 br the times iyen in the d&a table shavs tha the \elocity functions eror is less than
0.04 meter per secondrfa majoity of the time Of the two velocity functionsthe \elocity function fom Eercise
4 has a ma accetéable error.
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6. The accelation function fom Eercise 4 is toser to the actualalue of eath’s gavity. The pecent eror is
0.002%. (he pecent eror for the acceletion function fom Exercise 2 is 0.014%.)

7. The walues in thedllowing ansvers hare been ounded to six decimal places.

Position Function: s(t) = —4.756079t2 + 2.589810t + 0.808799
Initial Height: s, = 0.808799 meter
Initial Velocity: v, = 2.589810 meters per second
The ball vas thown. One eason is thiathe initial \elocity is positve, implying tha the initial movement of the
ball is upvard, which is not vha a dopped ball wuld do.Also, analzing the height da would reveal tha the

ball stats & about 0.8 meterises to a height oftmut 1.16 metey, and thendlls to a height oftlaout 0.6 meter
Again, this is not vha a diopped ball wuld do and is ltaracterstic of a thown ball.

8. s’is positve fort = 0tot = 0.272 and n@ative fort = 0.272tot = 0.62. The gaph ofs’ tells you tha on the
interval tha s’ is positve, the gaph of the position functios increasesand on the inteal tha s’ is negative, the
graph of the position functios deceases.

9. The slope of the tammt line is hozontal whent = 0.272.The \elocity of the ball viient = 0.272 is 0 meter
per second

LAB 4 BoyLE’s Law

Differentiation

L Pressue, P (atm) | Volume, V (L) PV
0.25 2.801 0.70025
0.50 1.400 0.7
0.75 0.9333 0.699975
1.00 0.6998 0.6998
2.00 0.3495 0.699
3.00 0.2328 0.6984
4.00 0.1744 0.6976
5.00 0.1394 0.697

The poduct of the pessue and the @lume is @proximately equal to 0.70. Lookingtdahe gaph, as the pessue
increases theolume deceases and viceersa.The gaph has asymptotes w= 0 andx = 0. The pessue is
never 0.

2. The daa is nedy linear The slope of the line thapproximates the d& ism ~ 0.70, which is the constant of
propottionality k found in Exercise 1.They-intercept occus & the oigin.

3. PV =

V =

Tlx *

av__k
P P2
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4. From BEercise 1,k = 0.70. Therefore,

dv 070

@ P

The gaph of the dewative is alvays nejative because ther@ph of PV = kis aways positve. The slope of the

deiivative’s tangnt line is alvays positve while the gaph of PV = ks aWways positve.

0.70 . . :
5. V = —— was used to compute the unkmovalues in thedllowing table. Student angers mg vary on their

P

estimde ofk. The \alues in the tale ae accuate to four decimal places.

Pressue, P (atm) | Volume, V (L) Pressue, P (atm) | Volume, V (L)
1.00 0.6998 3.00 0.2328
1.50 0.4667 3.50 0.2000
2.00 0.3495 4.00 0.1744
2.50 0.2800 4.50 0.1556

6. From Boyle’s Law, we knaw P,V, = k andP,V, = k. Therfore, P,V, = P,V,. Solving for V, yields

_ PV,

V

7. The \alues in the tale ae accuate to our decimal places.

Pressue, P (atm) | Volume, V (L) Pressue, P (atm) | Volume, V (L)
1.00 0.6998 3.00 0.2328
1.50 0.4665 3.50 0.1995
2.00 0.3495 4.00 0.1744
2.50 0.2796 4.50 0.1550

8. From Chales’s Law, we knawv the initial volumeV, = mT, and the n& volumeV, = mT,. Solving both equ#ons

for myields
V:L V2
m=— and m= =
T, T,

V.
Therefore, =2 =
T2

V.
.IT1. Solving for V, yieldsV, =
1

1

ViTy

9. From combining Bgle’s Lav and Chdes’s Lawv, we knaw the initial volume

T
V, = k5t and the ne volume V, = k%

2

V,P VP V,P.
Solving both equi#ons for k yieldsk = % and k = % Therefore, 22 =

1

2

] T2

V,P
—+-L. Solving for V, yields.

T
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LAB 5 PACKAGING

Optimization
Product SurfaceArea(in.?) Product SurfaceArea(in.?)
Baking pavder 38.4845 Frosting 53.5635
Cleanser 81.5400 Pineaple juice 116.1133
Coffee 87.6033 Soup 41.6575
Coffee ceamer 78.6969 Tomao puree 77.8015

. Yes,it is possille to design another bakingwwder container with a swafe aea of 38.48 squarindies and a

volume of 17.92 cubic irfes. Letr andh be the adius and heightespectrely, of another container with a sade
area of 38.48 squarinches and aslume of 17.92 cubic ifes.Then

38.48 = 27rr?2 + 2xwrh and 17.92 = #rh.
Solving for h in the wlume brmula yields

h = 17.922.
T

Substituting into the suate aea brmula yields

38.48 = 27r2 + 27Tr<17'92>.

rr2

Solving for r yields two positive solutions and one gative solution (vihich can be disgarded).The positve
solutions aer = 1.25inches and = 1.60 inches.The height of the container with adius of 1.60 inlges is
approximately 2.23 intes.

. The surbce aea of a glinder isS = 2712 4+ 27rh and the wlume isV = #r2h. Solving for h in the \olume

formula yields

v
e

Substituting ér h in the surfce aea brmula yields
S=27mr2 + 27Tr<i2>,
u
which simplifies to
S=2mr2+ %

If you substitute thealume of one of the contairgefor V and gaph the esulting equigon, you can see the
container could ha a smaller sugice aea because the minum of the gaph does not occurt éhe containes
radius.
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4. Using the equi#on relaing surbice aea and wlume
S=27r2 + ZTV,
letV = 17.92 to @t

2(17.92) 35.84
r r o’

S=2nr2 + = 272 +

The deivative of Swith respect ta is
as _ Aoy — 35.84
dr m re ’
Setting the devative equal to ero and solvingdr r yields the llowing.

- B8
r

4713 — 3584 =0

5 _ 3584
r3=——
A7
r =~ 14181

The radius of the baking peder container thtaminimizes suréce aea isr = 1.4181 inches,which has a sudce
area of 37.9093 intwes.This radius is lager than theadius gven in the l&’s Dda. The ladius gven in the la’s
Data does not minimi surbice aea because = 1.25 is not a solution of the minimizan problem eove.

5. The ansvers for RadiusHeight,and SuréceArea in the thle belav have beenounded to dur decimal places.
For ead volumeV, the iadiusr was bund ly minimizing

S= 272 + ZTV

The heighth was bund using thedrmulah = iz The suréice aeaSwas bund using thedrmula
S = 27r? + 27rh. r

Product Volume (in.3) | Radius (in.) | Height (in.) | SurfaceArea(in.?)
Cleanser 49.54 1.9903 3.9808 74.6711
Coffee62.12 2.1463 4.2924 86.8297

Coffee ceamer 48.42 1.9752 3.9505 73.5412
Frosting 30.05 1.6848 3.3696 53.5054
Pineaple juice 92.82 2.4537 4.9074 113.4865
Soup 20.18 1.4754 2.9509 41.0327
Tomdo puree 52.56 2.0300 4.0597 77.6733
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6. The anwvers for Side of Base and SadeArea in the thle belav have been osunded to dur decimal places.dr
ead wolumeV and height, the side of the basewas bund using thedrmula

_ \%
X = ﬁ

The surfice aeaSwas bund using thedrmula S = x2 + 4xh.

Volume (in.3) | Height (in.) | Side of Base(in.) | SurfaceArea(in.?)
17.92 3.65 2.2158 37.2605
49.54 7.50 2.5701 83.7086
62.12 5.20 3.4563 83.8372
48.42 6.85 2.6587 79.9171
30.05 3.60 2.8892 49,9519
92.82 6.70 3.7221 113.6063
20.18 3.80 2.3045 40.3391
52.56 4.40 3.4562 72.7744

The ectangular containgrfor coffeg frosting pinegple juice soup,and tomé#o puiee hae a smaller sugace aea
than the caesponding glindrical containes. The rectangular containerfor baking pavder, cleanserand cofee
creamer hee a lager surfice aea than the coesponding glindrical containes. Students mlist several
advantayes Dr either type of containe€Che& the easonbleness of these mdntayes.

7. To minimize surfice aea br a fxed wlumeV, you could sole for hiin V = x?h and substitutedt h in the surfice
area equion S = x? + 4xh to obtain

S=x2+ 4x<%>,

then use theevised surlce aea equaon to ind the mininum. To minimize wolume br a fxed surlce aeaS,
you could sole for hin S= x2 + 4xh and substituted h in the wolume equton to obtain

S—x2>
—y2(2_ 2
V x( ax )

then use theevised wlume equon to find the mininum.

8. Answers will vary. Some easons might be théhe glinder with the optimal susice aea isnt as pleasing to the
eye, doesnt display the poduct ldel very well, or, in the case of soda carfg,the human hand asel as the
cylinder tha doesnt use the optimal suate aea.

LAB 6 WANKEL ROTARY ENGINE
Area

1. Approximately 11 squae indhes.This estimée was obtained ypcounting the nmber of squags inside theator.
There ae gproximately 176 squaes thalie entirely or patially within the otor. Since ede squae has an @a of
71 =1 in2 the aea of the otor is176 - 55 = 11in.2 Other easonkle methods of obtaining an estitaasuch
as the one used in Eicise 2,are cetainly accetable.
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2. The inscibed tiangle has sides of length 4 res and its &a is
% = 4./3~693in2
The citumscibed tiangle has sides of 6 ihes and its &a is
7ﬂé(6)2 = 6./3~10.39in2

The estimée from Eercise 1 should lie betgen these twareas.

3. The pproximate value of the intgral is 1.45.The aea of the fiangle is
. 2
% = 4/3~6.93in2

Therefore, the aea of the otor is
(3 - Areaof Shaded Region) + Areaof Equilateral Triangle = (3 - 1.45) + 6.93 = 11.28in.?

The result is easonble because it isrgaer than Errcise 25 undeestimde and less than Exise 25
overestimde.

4. The estimte of the aga is @proximately 1.432in.2. The eror in the estimi is the same as the@&rE in the
Trapeoidal Rule which is gven by

(b — a)°
12n2
The maxinum value of|f"(x)| on the inteval [0, 4] is | f(2)| = 0.536. For n = 10,

E <

[max| f(x)|], a < x < b.

(4 — 0)?
12(10)2

The eror is less than 3% he acceptability of the eror dgpends on the maifactuing standads. To reduce the
error, the iegion being meased should be dgided into moe sections.

E < (0.536) =~ 0.0286.

The eror in the estimiz of the egion’s aea can beaduced g increasing the umber of measements tak&n to
increase the umber of intevals useddr theTrapeaidal Rule

5. The estimte of the aga is pproximately 1.445in.2. Simpsons Rule will be betteAs the mumber of intevals
increasesthe eror in Simpsors Rule deaases ma rapidly than the eor in theTrapemidal Rule

6. Using Simpsors Rule the estimge of the aga is 0.816n.2. Using theTrapexidal Rule the estimee of the aga is
0.810in.2. Either estimge can be used tpproximate the aga of the ente housing hamber ly using the
symmety of the housing ltamber as shan in the D& sectionThus,the estimge can be mltiplied by four to
obtain the pproximation of the entie housing hamber

LAB 7 NEWTON’S LAW OF COOLING
Exponential Decy

1. Initially, when the diference betwen the \ater's tempeature and oom tempeature was gea, the rate of cooling
was lage. This rate deceased wer time approading z2ro as the \ater's tempesture goproaced bom
tempeeture. As for the tempeature of the vater reahing 69.548F, some students ngacondude from the gaph
that the tempeature will approact but never read 69.548F. Some students maay yes,conduding thd the
difference betwen the \ater's tempesture and oom tempeature will eventually become small enough to be
unmeasuwgeble. Other pasonble explanaions ae accetable.
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2.

7.

The geneal solution isy = L + Cé4. In real-life tems,y could be the tempature of water (or cooling plastic)l.
could be the tempature of air andt could be the time in secondihe arbitary constanCC is the diference
between the tempature of the object and the temprre of the suounding medium. Notdf a student povides
an altenate \ersion of the gnenl solution gven @ove, make sue theg are equvalent.

. Differential equation: @ k(y — 69.548)

dt
General solution: y = 69.548 + Cekt
Particular solution: y = 69.548 + 100.08e2-93%t

The \alue ofC should be calcutad by solving169.628 = 69.548 + Ce<© for C. The \alue ofk should be
calculaed by solving87.134 = 69.548 + 100.08¢“4 for k.

The arbitary constanC is the diference betwen the tempeture of the object and the temptrre of the
surounding mediumwhich confrms the des@otion gven in the anger to Exrcise 2.

. Since the tan e %%%t jn the paticular solution pproaces it never reades ero, the tempeature of the veter

doesnt read room tempeature. However, over time the diference betwen the \ater’s tempeature and oom
tempesture will eventuallyy become small enough to be unmeashle.

. The gaph of the irst deivative is ngative, 6. The gaph of the second diestive is positve,
approading zro ast approades infnity. approacing zro ast approades infnity.
T T
1+ 1+

f f f f f f f f f t 0.8+
5 10 15 20 25 30 35 40 45
14 0.6+
-2+ 0.4+
-3+ 0.2+
~

-4 S S
/ 5 10 15 20 25 30 35 40 45
The \alue of theifst deivative & timet is the slope The positve value of the second destive & timet
of the tangnt line means the gph of the functiory is concae upwvard.

Angwer for Maple, Mathemdica, and Deive lab maruals:

The equ#ons found usingMaple, Mathemadica, or Derive should be similar to the ones/gn in the anser to
Exercise 3,except they may have a higher leel of accuagy. If the equéions ae different from the studerd’
equdions,one eason might be thahey wrote the gneal solution diferently (which would hare made the
patticular solution diferent). Exen though the eqtians ma look different,they should be equalent.

Answer for Mathcad and Gaphing Utility lab maruals:

The rumeiical solution dbund usingMathcador a gaphing utility is usualy within two-three dgrees of the
actually tempesture. The worst goproximation is dout five dgyrees of. If the solution poduces diferent
tempesture gproximations than the studestpaticular solutiona possibke reason isaund-of error.
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8. Differential equation: % = k(y — 58)
General solution: y = 58 + CeM
Particular solution: y = 58 + 242kt

There isnt enough inbrmation to detemine the alue of the popotionality constank because anpgpropriate
tempesture & a time other thah = 0 needs to beigen.

9. One possile solution is to &g the diller system ta cooler tempeture (less than 5&). The viaility of this
solution d@ends on the &fct the cooler tempature has on the plastidlso, there would be a higher cost of
keeping the tiller system aa cooler tempeture.

LAB 8 STRETCHING A SPRING
Hooke’s Law

1. The gaph of F = kxis a staight line kis the slope of the line and is thiean in the drce F divided by the
change in the distancg.

2. Sincek is the slopgyou can use tw of the déa points to calcuta k. Thus,

AF  22.73 — 0.00
K="Ax = 137 — o000 ~ 165

This value ofk provides a model thds a @od ft to the daa.

3. The walue ofk would be \alid only for spings of the 4. The sping would be damged (or boken) and lose
same sie and sength. its ability to retum to its oiginal shge The eldion-
ship betveenF andx would no longr be linear

5. Using the walue ofk from BEercise 2,

b
W= f 16.59x dx.
a

The gaph of Wwill look like pat of a paabola, because theetaionship betveen vork done to s&tch the sping
and the distancethe sping is stetdhed is quaditic. The elaionship is quaditic becausé- is linear and thus its
integral will be quadatic.

b

6. The alues of wark in the bllowing teble were calculéed usingW = | 16.59x dx and lettinga = 0 andb
a distance alue in the thle. a
Distance (in metes) | Work (in newton-meters)
3 74.655
6 298.620
9 671.895
12 1194.480
15 1866.375

Che the gaph piovided ly students. It should acately reflect the déa in the tale and be quaditic.
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3.22

3.22
7. W= f 16.59x dx = [8.295x2} ~ 86.0059 newton-metes.
0 0

The work done in stetching the sping from x = 3.22 metes tox = 6.44 metes is moe than 86.0059 meon-
metes because of the quatic relaionship betveen work and distance

8. Answer for Maple, Mathemdica, and Deive lab marals:

The solution of the diérential eqution isx(t) = 5 cos(3.1305t) — 2.2361 sin(3.1305t). The sping bounces
up and dwn.

Answer for Mathcad and Gaphing Utility lab maruals: The sping bounces up and dm.

LAB 9 CONSTRUCTING AN ARCH Dam

SurfaceArea,Volume, and Fluid Force

1. The coss sectional aa can begproximated by using ggometic formulas,namey the aea of a tiangle and the
area of a tapeaid. The coss section of the dam en70 < x < —16is nealy triangular so the aga can be
estimaed using the @a of a tiangle brmula. The base is-16 — (—70) = 54 feet and the height is 24deft.
Thus,the aea is

% - b4 - 244 = 6588 squae feet.

The coss section of the dam 6nl6 < x < 59 is a tapedid with bases of 16ekt andb9 — (—16) = 75 feet
and a height of 38%£&t.Thus,the aea is

32916 + 75) = 17,699.5 squae feet.

The total aea is6588 + 17,699.5 = 24,287.5 squae feet.This total is not gact because of theproximation of
the coss section of the dam en70 < x < —16. Note: Students macome up with alterate methods.

2. To calculae the aea of a cpss sectionintegrate the pieceise functionf on eab inteval and ad the esults.

0

59 —16
f f(x) dx = J (0.03x2 + 7.1x + 350) dx + j

59
389 dx + f (—6.593x + 389) dx
—70 —70 —16 0

= 23,502.7235

The aea is 23,502.7235 squeeteet. If the model of the oss section isxact, then the aza is &act. If the model
is an pproximation of the coss sectionthen the aga is an pproximation.

3. If the values ae not actly the samgethey may be slighty different because obund-of error. If there is a gea
difference betwen the glues,an eror may have been made in anering Exercise 2.

4. The wlume of the ah dam can be calcukd using the shell method asldws.

150 59 5 —16 0
—2m| (x+ 220)f(x) dx = 727T< f (x + 220)(0.03x2 + 7.1x + 350) dx + f (x + 220)(389) dx
360 ) 70 12 70 -16

59
+ f (X + 220)(—6.593x + 389) dx)
0

~ 1.35 x 107

The wolume is pproximately 1.35 x 107 ftS,
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5. If the values ag¢ not &actly the samgthey may be slighty different because obund-of error. If there is a gea
difference betwen the @lues,an eror may have been made in anering Exercise 4.

6. The major axis i440 — 112 = 28 feet longso2a = 28 [ a = 14. The minor axis is 16kt long so
2b =16 [0 b = 8. The equton of the ellipse is

X2 y2 _ X72 y2

2
Solving for x yieldsx = 8 _y _4

16 7\/ 196 — y2. Because the himontal length of the aje is2x,

L(y) = %‘/ 196 — y2.

7. The center of theate is @ 389 — (140 + 112)/2 = 263 feet.Thus,the d@th h(y) of the water & y feet is
h(y) = 263 — .

8. The intgral for fluid force on the ¢ge is as dllows.

d
F=w f h(y)L(y) dy

= 62.4 f B (263 — y)<$\/W—y2> dy

~14
~ 5,774,000

The 1uid force on the ge (rounded to the neest thousand) ispproximately 5,774,000 pound3his gproximation
of the intgral can be obtained usirigerive, Maple, Mathcad Mathemadica, or a gaphing utility.

9. The pessue will be the same and can loaihd as dllows. The eqution of the ellipse is

Xy Xy
l42+82_1’0r196+64_1'

Solving for x yields
x=14 J1-L =T ja—y
64 4 '

Because the hmontal length of the @e is2Xx,

The center of theae is @ 389 — (134 + 118)/2 = 263 feet.Thus,the deth h(y) of the water & y feet is
h(y) = 263 — y. The integyral for fluid force on the ge is dven belov.

d
F =wf h(y)L(y) dy

=624 f88(263 - y)(%ﬂ) dy

~ 5,774,000

The 1uid force on the ge (ounded to the neast thousand) ispproximately 5,774,000 pound3his gproximation
of the intgral can be obtained usiriderive, Maple, Mathcad Mathemdica, or a gaphing utility.
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LAB 10 CaLcuLus oF THE MERCATOR MAP
Integration

1. The &pression

2 RAG sec &,

approximates hov far from the equir to diew the line epresenting the ttude ¢,.. Thus,the distance of a tiude
line from the equi@r is gven Ly

FRsec¢d¢.

0

For example on a globe with a 6 ifrcradius,the laitude line & 15° (which is 7/12 radians) is

/12
f 6 sec ¢ d¢ = 1.589 inches.
0

Latitude Line Distance from
(in degrees noth of the equé&or) Equator
15 1.589
30 3.296
45 5.288
60° 7.902
75 12.166
9@ Infinitely large

2. For the lditude line 90 north of the equer, the intgral does not carerge. This laitude epresents the ntr pole

3. Note:Proofs mg vary. Students shouldalidate eab ste.

fsembd(b fsec¢sec¢+tan¢)d¢

Ssec ¢ + tan ¢

sec? ¢ + sec p tan ¢

- sec ¢ + tan ¢ do

Letu = sec ¢ + tan ¢ anddu = sec? ¢ + sec ¢ tan ¢ d¢ and substitute asliows.

sec? ¢ + sec ptan ¢

fse(:qbdgb: Ssec ¢ + tan ¢

=fldu

u

= Injul + C

=In|sec¢ +tan | + C

d

4. The esults a@ not identical. Hovever, the iesults can be sham to be equialent though rumeiical evaluaion,
graphing both esults on the same set okaxand using igonometic identities and las of logarithms.
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1 1
S. (a)fsec¢d¢=fcos¢d¢ (b) Jsec¢d¢=fcos¢d¢

Let Let
1/ 1 1/ 1
u= 5(; - (15) anddu = > do u= §<§ + d)) anddu = Edqb
and substitute asllows. and substitute aslflows.
fseccbdcb f Jsec¢d¢>=f L _as
. o
sm 5 d) sm(E + ¢>
-2 2
B J sm(2u) B f sin(2u) du
sinucosu sin ucosu
=_fsmul du =fsmu1 du
—— C0s? —— cos?
co: cosu
2
sec? U _ [ secfu

Letv = tan u anddv = sec? u du and substitute as Letv = tanuanddv = sec® udu and substitute as

follows. follows.
sec?u
sec’u _
fsec¢>d¢>:— ey U fSECd’dd) any

1

__ |1 = jdv

= fvdv v

= —Inv| + C =Inv| + C

= —Intanu| + C = Injtanu| + C

—In

w3l 4 o)+

wfis- o] - &

180° J Se°<¢ ' 1;70°> do.

7. No.An inch of mg distance 830 north represents a miles and an inof ma distance 860° north represents
b miles.Thus,

6. The intgral could be witten as

a  sec30
b~ 60’ and a # b.

8. A Mercaor mg should not be used to compdhe agas of tvo regions. The futther a egion is from the equir,
the moe a Mecaor ma “stretches”the eath-distanceThus,regions far from the equir on a Mecator mgp will
appear to be mnch lager than thg actualy are. The distotion of the eah-distances wuld also ma& detemining
the distance beten tvo cities dificult.
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LAB 11 KoOCH SNOWFLAKE

Fractals
1. Stage | Sides| Rrimeter Area 2. Yes.The Kod1 snavflake is an gampl_e of a
closed egion in the plane thahas aihite aea
J3 and an inhite peimeter As n approades
0 3 3 -— S A
4 infinity, the aea after theith iteration is
/3 /5[ 1 “(ﬂﬂ
1 12 4 3 4 1+ 3 izo 9/ |’
, 48 16 103 which is a gometic sefes and coverges to
3 27 2.3
5
64 94./3
3 192 ry a3 The peimeter after thaith iteration is 3(2)",
which gpproades infnity asn approades
256 862./3 infinity.
4 768 27 2187
1024 7822./3
5 3072 81 19,683
. 4\n \@ 1n=1
n 3(4) 3<3> 4 [1 + 32
3. S sid . 4. Thenth iteration will have 5(4)" iterations. The
- ides| Erimeter Area Koch snavflake thd stats with a pentgon has
0 4 4 1 a geaer aea than the other twwersions.The
initial polygon has a eaer aea,and eah
1 16 16 1 @ iteration adds moe triangles (and thus mer
3 + 9 area) than the other ttwersions.
64 13./3
2 64 9 1+ 81
256 133./3
3 256 >7 1+ 729
1024 1261./3
4 1024 a1l 1+ 6561
4096 11,605./3
5 4096 43 1+ 59,049
ne1 ﬂ)” NE H(é
n 4 4( 3 1+ 9 20

5. After thenth iteration, the peimeter br the P?ch snavflake thd stats with a pentgon isS(%)n. After thenth
iteration, the peimeter in Exrcise 1 vmsS(%) and in Exercise 3 vas4(%) . Thus,the Koch snavflake tha stats
Koch snavflake thd stats with a pentgon has a geaer pemmeter than the other ttwwersions & ary iteration n.
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6. More than one viging windov can be éund to eproduce the gaphs in the lh. One possile viewing windaw for
ead gaph is gven belav.

Derive

Upper left: xmin = 0.042,xmax = 0.13,ymin = 0.072,ymax = 0.17
Upper ight: xmin = —0.25,xmax = —0.325,ymin = —0.002,ymax = 0.024
Lower left: xmin = 0.25,xmax = 0.3,ymin = —0.002,ymax = 0.072
Lower right: xmin = —0.15,xmax = —0.10,ymin = —0.002,ymax = 0.024
Maple

Upper left: xmin = 18, xmax = 50,ymin = 30,ymax = 70

Upper ight: xmin = —131,xmax= —111.4,ymin = —1,ymax = 10
Lower left: xmin = 100,xmax = 117,ymin = 1, ymax = 30

Lower right: xmin = —61,xmax= —44,ymin = —1,ymax= 9.6
Mathcad

Upper left: xmin = 0.167,xmax = 0.5,ymin = 0.289,ymax = 0.674
Upper ight: xmin = —1.31,xmax= —1.11,ymin = —0.02,ymax = 0.096
Lower left: xmin = 1, xmax = 1.17,ymin = 0, ymax = 0.29

Lower right: xmin = —0.61,xmax = —0.44,ymin = —0.01,ymax = 0.096
Mathemadica

Upper left: xmin = 0.167,xmax = 0.5,ymin = 0.289,ymax = 0.674
Upper ight: xmin = —1.31,xmax= —1.11,ymin = —0.02,ymax = 0.096
Lower left: xmin = 1, xmax = 1.17,ymin = 0, ymax = 0.29

Lower right: xmin = —0.61,xmax = —0.44,ymin = —0.01,ymax = 0.096
Graphing Utility

Upper left: xmin = 0.167,xmax = 0.5,ymin = 0.289,ymax = 0.674
Upper ight: xmin = —1.31,xmax= —1.11,ymin = —0.02,ymax = 0.096
Lower left: xmin = 1, xmax = 1.17,ymin = 0, ymax = 0.29

Lower fight: xmin = —0.61,xmax = —0.44,ymin = —0.01,ymax = 0.096

LAB 12 ANALYZING A BOUNCING TENNIS BALL
Infinite Series

1. An exponential decamodel fts the bouncing ball da because thete of hang of the height is initiajl very
high kut deceasesapidly after a éw bounces andmproahes 2ro as the namber of bounces ineasesA model
tha fits the déa isy = 100€(n0:0045)/9)x A students equéion may be ounded but they should tosely
approximate this equiion. Che& tha a studens gaph piopety represents their model andsfthe d&a well.

2. The walue useddr y, is 100,the initial heightThe \alue useddr p is 0.55.The \alue ofp can be éund ty
dividing the height after therét bounce ¥ the initial height of the balAnswers will vary. For the anwers gven
her, this model and the modeivgn in the anger to Exrcise 1 both model the thareasonhly well. One
advantage of the model in thisxercise is the aditional information éout the bounce of the tennis balen by
the modelthe ebound heightas compagd to the model in Eetcise 1,which gves ony the initial height.

3. Because ofdctos sut as fiction and air esistancgthe tennis ball will eentually come to a stopAs the umber

of bouncesh increasesthe exponential model pproates ero and gentually evaluaes to a alue tha would be
unmeasuable.

4. Add the initial height and the sum ofdawimes eale other height.
100 +2-55+2-3025+2-1664+2-915+2-503+2-277+2-152
+2-0.84 + 2 - 046 = 343.32 inches
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5. This method is mer exact than the methodwgn in 6. The total \ertical distance inledes both the distance
Exercise 4.The gproximate value ofD is 344.4. This the ball tevels on its vay down and the distance the
angver is slighty more than the anger in Erercise 4 ball travels on its vay up.

becaus® takes sums marbounces of the tennis ball
than the sum in Eexcise 4.

7. No, this can not be a USTsanctioned tennis ball. Using thesult fom the equiion y = 100(0.58)", where 0.58
is the maxinum rebound ete alloved by the USTA, the maxinum \ettical distance a sanctioned USTennis ball
could tevel after fve bounces wuld be

5
D = 100 + 2 ) 100(0.58)" =~ 358 inches.
=1

n

8. The mininum rebound gte is 0.53 inhes,the initial height is 100 irttes,and the equ#on isy = 100(0.53)".
Thus,the minimum \ertical distance a USN sanctioned tennis ball coulcaiel is

D =100 + 2 f 100(0.53)" = 325.5 inches.
n=1

The maxinum rebound ete is 0.58 inhes,the initial height is 100 irwes,and the equ#on isy = 100(0.58)".
Thus,the maxinum \ertical distance a USN sanctioned tennis ball couldael is

D =100 + 2 f 100(0.58)" ~ 376.2 inches.

n=1

9. The total ertical distanceD traveled ly the tennis ball isgproximately 688.9 inbies vihen the height is 200
inches.Thus,when the height doudd, the \ertical distance aiveled douked. If the initial height is raltiplied by a
positive integer k, thenD becomes

D = 100k + 2 3 (100K)(0.55)" = k<100 23 100(0.55)”).
n=1 n=1

Thus,when the initial height is oitiplied by a positve integer k, the total \ertical distanceD traveled ly the
tennis ball inceases Y a factor ofk.

LAB 13 CoMETS

Conics

1. A polar equ#ion to model Comet Hale-Boppbrbit is
o ed
1+esing’

The eccentcity eis given in the Dta section aspproximately 0.995.The peihelion distance 0.91AU occus
wheng = /2. Thus,

(0.995)d
1 + (0.995) sin(w/2)

The polar equi#on for Comet Hale-Bopg' orbit is

= 1.823437
1+ 099sin6’

0.914 =

0 d= 1.8326.

Because the pifielion distance occerwhend = /2, the \alue of§ that coresponds to thephelion distance is
0 = 3m/2. The ahelion distance is

_ 1.823437
1 + 0.995 sin(37/2)

r ~ 364.687 AU.
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2. With 6 varying from /2 to 37/2, the gaph displas half of the orbitWith 6 varying from /2 to 57/2, the
graph displys the entie orbit.With 6 varying from 7/2 to 97/2, the gaph displgs the entie orbit taced twice

3. The eccentcity e of the ellipsehalf the length of the major axés and the distancefrom the center of the
ellipse to its bcus ae relaed by e = c/a. Because the pielion distance is 0.914U, a — ¢ = 0.914. Thus,

0.995 = a—%g.é)lél [0 a= 1828 and c =~ 181.886.

To calculde half the length of the minor axisusec? = a2 — b2 [ b= /a2 — ¢ Thus,
b= 182.8> — 181.886% ~ 18.257.

The centefh, k) of the ellipse i40, — 181.886). The paametic equdions ae
X =18257cosf and y= 182.8sin6 — 181.886.

The gaphs of the pammetic equaions with 6 varying as desdbed in Exercise 2 should be the same as thaplgs
of the polar equ#on.

4. Using the alues ofa andb found in Exercise 3,a rectangular equen for Comet Hale-Bopg’ orbit is
2 2
X P Gl
18.2572  182.82

The doice of which way to represent Comet Hale-Bopgporhbit is left to pesonal peference Chedk the lagic of
the easoning tyen for the toice

1

5. The \alue of /2GM/p for Comet Hale-Bopp is

\/ 2(6.67 x 10-11)(1.991 x 10%)
(0.914)(1.496 x 101

~ 44,073.

If Comet Hale-Bopp was taveling & about 44 km/sec or lesshen it eaded peihelion, then the orbit \as an
ellipse because = 44 km/sec= 44,000 m/seowhich is less than 44,073o0FComet Hale-Bopg' orbit to be
parabolic for the samealue ofp, the \elocity & petihelion would have to be

\/ 2(6.67 x 10-11)(1.991 x 10%)

(0.914)(1.496 x 101) ~ 44,073 metes per second

For Comet Hale-Bopg’ orbit to be fiperbolic br the samealue ofp, the \elocity & peihelion would have to be
greder than

\/ 2(6.67 x 10-11)(1.991 x 10%0)
(0.914)(1.496 x 101

=~ 44,073 metes per second

6. Answers will vary. Two reasons & the gavitational pull of the planets and collisions with other objects.

7. As Comet Hale-Bopppproades pehelion distancethe comet elocity gpproadies its maxiram.As Comet
Hale-Bopp aproades phelion distancethe comes \elocity gproadies its mininam.

8. t = 1.2 years or gproximately 438 dgs.
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LAB 14 SuUSPENSION BRIDGES
Parabolas

1. Place the agin of the coodinae aes & the lovest point of the dade midwvay between the tw towers so tha
(h, k) = (0, 0). Thus,the cdle passes tlough the poinf2130,390 and21302 = 4p(390) [ p = 2908. An
equdion tha descibes the harigg cale isx? = 4(2908)y 1 x? = 11,632y."

2. The walue ofwis 10,800 pounds peoét, the cdle passes tlugh the point2130,390 and

2
390 = 1082|(|)_|(_2ﬁ30) O T, = 62,800,000 (rounded to the neest hunded thousand).
0
Thus,an equ#ion tha descibes the harigg cale is

_10800¢ 27
Y = 262,800,000 — ¥~ 314,000

3. The equtions ae gproximately the samelf the \alues ofp in Exercise 1 andT | in Exercise 2 ae not bunded
the equtions would be the sam&he equdons ae two different ways to iepresent the same aola.

4. The esult of the intgral iss = 4353 feet.The length of the da@e is reasonble because it is lomy than the span
of the bidge hut not so mich longer thd it would need agaer sa. The length of the dde from the lavest point
to either suppdris ebout4353/2 = 2176.5.

5. In eat caselet the oigin occur &the lavest point betwen the tw suppots. When the sg height is 386det,the
cable passes tlugh the point2130,386) and

2
386 = 108(;|(|)_(r21|30) O T, = 63,500,000 (rounded to the neest hunded thousand).
Ol
Thus,an equ#on tha descibes the hangg cable when the sg height is 386det is

10,8002 o
Y = 263500,0000 — ¥~ 317,500°

The length of the d#e when the sg height is 386det is @proximately 4351 £et.When the sg height is 394
feet,the cdle passes tlugh the poinf2130,394) and

2
394 = 108(;|(|)_(r21|30) O T, = 62,200,000 (rounded to the neest hunded thousand).
Ol
Thus,an equ#on tha descibes the hanigg céble when the sgis 394 éet is

10,8002 o
Y = 2622000000 = ¥~ 311,000

The length of the d#e when the sg height is 394det is @proximately 4355 £et.The s@ height of 386det
occuss in winter (the cold tempatures cause the bk to contact) and the gpheight of 394 det occus in
summer (the hot tempatures cause the b to xpand).

6. Using the alues fom Eercise 2|T|| = /62,800,000 + 10,800x2. The maxinum tension occura both main
suppots, while the mininum tension occsréd the midvay point betveen the main suppst For a sg height of
386 feet,||T|| = /63,500,000 + 10,800x2 and the miniram tension ithe midvay point betveen the suppts is
approximately 7969 poundsThe maxinum tensionwhich occus & the main suppas, is gpproximately 9301
pounds. Br a s@ height of 394det,|T|| = /62,200,000 + 10,800x? and the minimam tension athe midvay
point betvween the suppts is proximately 7887 poundsThe maxinum tensionwhich occus & the main
suppots, is goproximately 9231 pounds.




LAB 14 SUSPENSIONBRIDGES 21

7. For a sa height of 386det

The mininum occus & x = 0 and the tangnt line isy = 0. The maxinums occur ex = 2130 andx = —2130
and the tangnt lines ae
5751 _ 5751

(x + 1065).

= 15,875(X — 1065) andy =

For a say height of 390det
The minimum occus & x = 0 and the tangnt line isy = 0. The maxinums occur ix = 2130 andx = —2130
and the tangnt lines ag

5751 5751

15,875

y = 15’700(x — 1065) andy = — 15,700(x + 1065).
For a sa height of 394det
The mininum occus & x = 0 and the tangnt line isy = 0. The maxinums occur ex = 2130 andx = —2130
and the tangnt lines ae
5751 5751
= m(x — 1065) andy = —%(x + 1065)

The @solute alue of the tangnt lines slope becomegeger as the tension ineasesThe diection of the
tension is along the taagt line Solvingtan 6 = mfor 6, where mis the slope of the taegt line

8. Solving the gven formula for # should poduce gproximately the sameasults as Excise 7. Round-dferror may
affect the esults.

9. (a) Let the lavest point occurtathe oigin and the suppts & (x,, 75) and(x;, 125) where x, < 0 andx, > 0. To
detemine thex-coodinaes of the suppts, substitute edt point into

_ 8002
2T’

solve the equions for |[TJ| and set them equal to ¢ecther to obtaifex2 = x2. Sincex, — x, = 1000,
substitute to obtaifx2 = £(x, + 1000)%. Simplifying yields3x2Z — 2000x, — 1,000,000 = 0. Solving for x,
we obtain aproximately —436. Thus,x; = 564. The cdle passes tiugh the poin{564, 125) and

800(564)
125 = To| = 1,017,907.
Aty T
Thus,an equ#on tha descibes the harigg céble is
800x2 0 v 400x?

- 2(1,017,907) y= 1,017,907
(b) The lovest point is &(0, 0) and the highest point ig €664, 125).
(c) The total length of the bie is

800x \?
J \/1 + 1017 907> dx = 1026 feet.

The length of the d#e from the lavest point to the highest point is

564 2
800x
f \/ 1 017 907> dx = 582 feet.
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LAB 15 RACE-CAR CORNERING

1.

. The anwvers in the bllowing teble have

Vector-Valued Functions

v(t) = —212.66 sin(0.4759t)i + 212.66 cos(0.4759t)j
a(t) = —101.20 cos(0.4759t)i — 101.20 sin(0.4759t)j
The speed of theace car as it mes though the tum is
IV(t)|| = /(—212.66 Sin(0.4759t))? + (212.66 cos(0.4759t))2 = 212.66.

The speed of the car is constdntt the diection legs dandng. Thus the elocity, which compises both speed
and diection,is not constanfThe accelation of the ace car as it mes though the tum is

lat)| = /(—101.20 cos(0.47591))2 + (— 101.20 Sin(0.4759t))2 = 101.20.

Because has both mgnitude and diction and the déction of the accelation kegps dangdng, it is not constant.

. v(t) = —220.01 sin(0.4211t)i + 220.01 cos(0.4211t)j

a(t) = —92.65 cos(0.4211t)i — 92.65 sin(0.4211t)|
The speed of theace car as it mes though the tum is
Iv(t)| = /(—220.01 sin(0.4211t))2 + (—220.01 cos(0.4211t))2 = 220.01.

The speed of the car is constdntt the diection legys dandng. Thus the elocity, which compises both speed
and diection,is not constanfThe accelation of the ace car as it mes though the tum is

lat)]| = +/(—92.65 cos(0.42111))2 + (—92.65 sin(0.4211t))2 = 92.65.

Becausea has both mgnitude and d&ction and the déction of the acceletion kegps dangng, it is not constant.

. v(t) = —278.66 sin(0.3797t)i + 278.66 cos(0.3797t)j

a(t) = —105.81 cos(0.3797t)i — 105.81 sin(0.3797t)]
The speed of theace car as it mes though the tum is
Iv(t)| = /(—278.66 sin(0.3797t))2 + (—278.66 cos(0.3797t))2 = 278.66.

The speed of the car is constdmtt the diection legs dandng. Thus the elocity, which compises both speed
and diection,is not constanfThe accelation of the ace car as it mes though the tum is

la@®)| = /(= 105.81 cos(0.37971))Z + (— 105.81 sin(0.3797t))2 = 105.81.

Because has both mgnitude and di&ction and the déction of the acceletion kegps dangng, it is not constant.

. Eadh cuwvature has beerounded to dur decimal places.

Curvature of Turn 1: 0.0022
Curvature of Turn 2: 0.0019
Curvature of Turn 3: 0.0014
Turn 3 is the easiest since it has the smallestature and the ngnitude of theace cais \elocity vector elaive

to the other turs is geaest inTurn 3. Turn 1 is the hatest since it has the gg@st cuvature and the ngnitude of
the race cars elocity vector elative to the other tuns is the smallest ifurn 1.

t 0.00 1.00 2.00 3.00 4.00 4.66
X(t) | 446.85| 397.20| 259.27| 63.72| —145.98| —269.32
y(t) 0.00 | 204.72| 363.94| 442.28| 422.33 356.57

been ounded to tw decimal places.




LAB 16 PUTTING A SHOT 23

| | | | | | | ,a_
—560 —40IO —360 —2(I)O —l(I)O 100 200 ?:OO 4{00

X

5I00
The \elocity vectos all lie on the targnt line & the gven point.The accelation vectos all point to the agin,

which is the center of the cle tha the tun is an ac of.

7. The following ansvers hare been ounded to the neest intger.

Turn 1: Approximately 182,172
Turn 2: Approximately 166,762
Turn 3: Approximately 182,170

LAB 16 PUTTING A SHOT
Projectile Motion

1. The length of time the shot wilemain in the air can bedind ty setting the grtical component of the position
function

r(t) = (v, cosO)ti + [h + (vpsin O)t — %gtz}j
equal to ero feet as dllows.
h + (vysin 6t — %th =00 %gt2 — (oSNt —h=0
Using the Quadtic Formula to sole for t yields the bllowing. (Note: the ngative solution can be disaied)

_ —(%sn0) + V(-vSn 62 — 4(1/29)(=h) | _ vsn6+ Jv?sn? 6 + 2gh
- 2((1/2)9) - 9

t

2. Setx equal to the hazontal component of the position function
r(t) = (vocosOti + [h + (Vosin o)t — %gﬁ}j

and substitute the length of timéhe shot put is in the air to det@ne the haeontal distance &veled

VoSin 6 + V2sin? 6 + Zgh>
g

co
Y Se(vosin(ﬂ— \/v02<sin20+29?>>
g Vo

co
= %8P SO(sinOJr sin20+29?>
g Vo

X = (v, cos 0)(
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3. (a) Increasing the initial height slightly increases (c) To maximiz hoizontal distancea shot putter

the hoizontal distance &veled ly the shot put. should bcus on maximizing the initial speed since
maximizing the initial height has a smalfezft on
the distance &weled Also, the initial height is
neaty fixed by the height of the shot putter

(b) Increasing the initial speeg increases the hor
zontal distance &veled ty the shot put.

4. For integer values off, angles of 4343 produce the 5.25= (2D tan20,,, O 6., = 0.74 radians or
maximum hoizontal distance ¢fr the gven initial con- 42.6°. This wvalue is within theange gven in
ditions) of 19.77 meter Exercise 4 and is meraccuate.

6. The angles in theoflowing teble ae rounded to tw decimal places. Students ynar may not piovide ansvers
with greder (or less) accaxy.

Year| Distance (in meters) | Angle (in degrees)
1983 22.22 42.30
1985 22.62 42.35
1986 22.64 42.35
1987 22.79 42.37
1987 22.81 42.37
1987 22.91 42.38
1988 23.06 42.40
1990 23.12 42.41

The angles in the Itde fall with the ange of anglesdund in Exrcise 4,and ae slightly less than the anglednd
in Exercise 5. Note thiathe best thow hgopens to be theasest to the angle in Exise 5.

7. The distances in thellowing teble have been ounded to tw decimal places.

Year | Distance (in meters)
2002 24.55
2012 25.80
2022 27.12
2032 28.51
2042 29.97

Opinions of the moded’accuacgy will vary. Ched the lagic of studens reasoning

8. The angles in theoflowing teble hare beenounded to tw decimal places.

Year | Distance (in meters)
2002 42.56
2012 42.67
2022 42.79
2032 42.89
2042 43.00

The angles in this ke ae geaer than those in Excise 6.
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LAB 17 SATELLITE DISHES, FLASHLIGHTS , AND SOLAR ENERGY COLLECT ORS
Using the Refective Property of Parabolas

. The ecever should be placed the bcus of the paboloid so all incoming signals will beftected to the
recever.

. The seellite dish has aadius of 10 éet and a dgeth of 3.5 et,so it nust pass tlmugh the point10, 0, 3.5). Thus,
ey _1¢ e /100
2 aZD 3.5—a2+a2D a= 35"
The equdon for the stellite dish is
X2 N y? _35¢ N 35y? _ 7x* N Ty?
(/100/35)* (./100/35)> 100 = 100 200 200

The domain of the eqtian is the set of all points ski¢ha

X2 Ty?
0< 00 + 200 < 35

The mangeis0< z < 3.5.

' x \? T 2)3/2
.277LX,/1+(10) dX_E(100+r) — 1000]

The surlce aea is bughly propottional to the cube of thediusr.

. For Derive, Maple, Mathcad andMathemdica, the esult of @aluding the surdce aea intgral is diferent fom
the esult in Exercise 3 ly a constantA graphing utility’s result is the same as thesult in Exercise 3. Student
results will \ary depending on theesult obtained in Eewcise 3. Genetlly, the iesults should be dérent ony by
a constant and shouldauae to the sameesult br a adiusr, e.g. r = 10.

. The focus is 1.5 centimetefrom the ertex of the eflector, sop = 1.5 andx? = 4(1.5)y = 6y. A segment of the
parabola tha can be evolved @out they-axis to brm the eflector is 0< x < 4. The radius is 4 centimetsrand
the surhce aea is

4 2
27Tf Xy / 1+ (g) dx = %w squae centimetes.
0

. The gaph in thee dimensions is a @olic gylinder with wulings paallel to thez-axis. The surfce aea can be
found ly multiplying the length of the dugh times the length of theoss section.

10 2x 2
18 f 1+ <—> dx = 114.617 squae feet
_10 25
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LAB 18 HYPERTHERMIA TREATMENTS FOR TUMORS

Volume

1. No. Since the tissueets pogressvely hotter tavard the center of the tumdahe center of the tumor will be hotter
than the tempeture of the equithen & half of the adius of the tumor

2. No, the walue ofV;/Vis

3"\4) \4) 1
4 rs 64
—ar

3
If the radius of the tumor is 2.5 centimetgihe pecent heted is 1.5625%.

Radius of tumor V. Radius of tumor V.
that has reaced an V; VT that has readhed an Vr VT
effective tempemture effective tempetur e

L 4 (;r>3 1 2, 4 (2 ) 8
4 3"\4 64 3 3"3') | 7
L 4 (%)3 1 3, 4 <§ W
3 3"\3 27 3"\4") | &
1 4 (13 1 4

= (= = 3 1
2" 3“<2r> 8 ' 3™

The alue ofV;/V is the cube of the ption of r that has been héed

- Vi_1.1
(a) No. The potion of r tha has been héad when v _ 2 |s§/§.
3
(b) The potion of r tha has been héed \/\henh _3 isé.
Vo 4y

4. The wlume could be estinted Ly finding the wlume of the sphes thainscibe and cicumscibe the winkled
sphee. The inscibed sphe has aadius ofr = 0.155 and the aiumscibed sphes has aadius ofr = 0.845.
Thus the adius of the winkled sphee is geder than

gw(0.155)3 ~ 0.004977 cubic units
and less than

%7(0.845)3 ~ 0.80447r cubic units.

Any estimae in this ange would be alid.
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2 (m [05+03455n805n ¢
5. f f p?>sin ¢ dp d¢ do
o Jo

0

27
=1f (0.5 + 0.345sin86'sin ¢)3sin ¢ d¢ d6

3 0 0
1 2w (T
= BJ [0.125sin ¢ + 0.259sin80siN? ¢ + 0.179sin? 80 sin® ¢ + 0.041sin® 86 sin* ] d¢p dg
0 0
27 i N2
- éf [—0.125 cos & + 0.259sin 80<%>(¢> — sin ¢ cos ) + 0.179 sin? 86(—% = %cos ¢)
0
+ 0.041sin® 86(—% + g(¢ — sin ¢ cos d))ﬂ dé
0
1 2
~ 3 (0.25 + 0.12957 sin 80 + 0.2387 sin® 86 + 0.01544 sin 86) do
0
1 0.12597 f# sin86cos86 sin86cos86  cos86)\ [2m
= 3[0.256 — 3 cos 86 + 0.2387(2 - 16 > + 0.015477'(— o1 BT )]0
~ 0.7736

6. The pproximate value of the esult is 0.7729The diference betwen the angers to Exercises 5 and 6 can be
attributed to ound-of error.

27 (m (0.75+0.35sin 80 sin 4
7. f f f p?sin ¢ dp d¢p df
o Jo

(0]

2 (T
= ;J (0.75 + 0.35sin 80 sin 4¢)® sing d¢p do
0 0

27
zéf f [0.422sin ¢ + 0.591sin 80 sin4¢ sin ¢ + 0.276 sin? 80 Sin? 4¢ sin ¢
0 0

+ 0.043sin? 80 sind 4¢ sin ¢] dep do

sin3¢ sin5¢
6 10

2
= lJ [—0.422 cos ¢ + 0.591 sin 86)(

) + 0.276 sin? 80(—C°S¢ _GCosie | COS%)

2 28 36

sn3¢ 3sin5¢ sinllg  sn 13¢>]"d6

The
+ 0.043 sin 86( 8 0 88 104

0

2
~ % f (0.844 + 0.280 sin? 86) dé
0

1 2

3
~ 2.0609

[0.984 — 0.0175cos 86 sin 849]
0

8. The pproximate value of the esult is 2.0604The diference betwen the angers to Exercises 7 and 8 can be
attributed to ound-of error.
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LAB 19 MATHEMATICAL SCULPTURES

Parametric Surfaces

Answers for Maple, Mathcad and Mahemdica:

1. Thex- andy-equdions hae been intathanged The tous apeas to spial in the opposite déction of the one
shawn in the l&’s Daa.

2. Thex- andz-equdions hae been intashangd The tous gpeas to spial in the opposite diction of the one
shawn in the ld&’s Daa and is cented aound thex-axis instead of the-axis.

3. They- andz-equdions hae been intashanged The tous gpeas to spial in the opposite diction of the one
shavn in the ld’s Daa and is cented aound they-axis instead of the-axis.

4. Yes,it is possille. Multiply either one of the- andy-equaions by a nonzro valug e.g. let thex-equdion be
X =3sn u[? + cos(% — 2v> + 2cos<% + vﬂ

5. They both hae only one edg, which can be iced moe than once (twiceof the Mébius stp and thee times ér
Umbilic Torus NQ before retuming to the stding point.

6. More than one aentaion and moe than one set af andv-ranges can bedund to eproduce the gaphs in the
lab. One possile olientaion and one set af- andv-ranges br eat graph is gven belov. The ofentaion is gven

in tems elevant to the ppgram’s 3D gaphing languge. The equtionsused br eat graph ae the same as the
equdions gven in the la's Dda.

Maple

Upper left: orientdion = [45,90], —w < u< 7w —wm<Vv<w
Upper ight: orientaion =[90,90], —# < u< @ —w7<V<w
Lower left: orientaion = [35,235], 0 S u< o —m< V<7

IN

Lower right: orientgion = [160, 70], 0 < u < 7—27 —-T<V<T

Mathcad

Upper left: rotation: 45,tilt: O, —wm < u< 7w —w<V< T
Upper ight: rotation: 90,tilt: 0, —w <su< 7 —w<VvV< 7w
Lower left: rotation: 35,tilt: 235,0 < u< 7, —w<Vv< 7

N

Lower tight: rotation: 160, tilt: 20, 0

IN

us -, —msVvVsTw

Mathemaica
Upper left: ViewPoint = {3.384,0.000,0.000}, —w < u< 7 —w<V< 7

Upper ight: ViewPoint —> {0.000, 3.384,0.000}, —# < u<m —m<V< 7
Lower left: ViewPoint —> {2.271, —1.590,1.941}, —w# <u <0, —m<Vv< 7w
Lower right: ViewPoint —> {—2.988, 1.088, 1.157}, 0 < u < E, —-m<V<w

N
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7. Values used torgph a typogycloid with four aches will vary. One set of &lues isa = 1 andb = 4. Values used
to graph a lypogycloid with five aches will vary. One set of alues isa = 1 andb = 5. The elaionship betveen
a andb for a typogycloid with three aches isa = 3b. The elaionship betveena andb for a typogycloid with
four aches isa = 4b. The elaionship betveena andb for a lypogycloid with n arches isa = nb.

Answers for Derive andGraphing Utility:
1. Yes,it is possilte. Multiply either one of the- andy-equdions by a nonero valug e.g. let thex-equaion be

X = 3sin u[? + cos(% - 2v> + 2005(% + vﬂ

2. They both hae only one edg, which can be iced moe than once (twiceof the Mébius stp and thee times ér
Umbilic Torus NQ before retuning to the stding point.

3. The point of viev for the upper @ph is(10, 0, 0). The point of viev for the laver gaph is(0, 10, 0).

4. Values used torgph a lypogycloid with four aches will vary. One set of alues isa = 1 andb = 4. Values used
to graph a lypogycloid with five aches will vary. One set of alues isa = 1 andb = 5. The elaionship betveen
a andb for a typogycloid with three aches isa = 3b. The elaionship betveena andb for a typogycloid with
four aches isa = 4h. The elaionship betveena andb for a typogycloid with five aches isa = 5b. The
relaionship betveena andb for a typogycloid with n arches isa = nb.

>[a b | Numbe of Arches
8 |2 4
21 | 7 3
18 | 3 6
20 | 4 5

6. Solutions will \ary. One solution is altérg theu-range to be— 7 < u < 0 and vieving the tous from the point
(—23,1.6,1.9).

LAB 20 [INTERACTING POPULATIONS
Euler's Method

1. The anwvers in the bllowing teble have beenounded to tw decimal places.

k X y

0 55 10.00
1 80 10.34
2 105 11.85

The peddor populdion is gowing, but & a slaver rate than the gy populdion.

2. Decrasing the ngnitude ofAx improves the accuay of Eulers method

3. The estimee ofy forx = 80isy = 10.89 anddr x = 105 isy =~ 13.26. It is an assumption thdeceasingA x
improves the accay of the estimies.Assuming the accary is an impovementthe estimges ae slightly higher
than those in Bxcise 1.
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4.

8.

Answer for Maple, Mathcad Mathemadica, and Deive lab maruals:

Assuming thadeceasingA x improves the accay of the estimtes,the gaph of the solution im Exercise 3 is a
better model of the intacting populdons.The gaph with theMaple, Mathemdica, Mathcad or Derive solution
displays a model thiahas a higher estirtethan the other twsolutions as the tinteincreases.

Ansner for Graphing Utility lab marual:

Assuming thadeceasingA x improves the accary of the estimtes,the gaph of the solution im Exercise 3 is a
better model of the intacting popultions.

. Answers will vary. Some posslb responses argven belov.

» The pey has an bundant od supp}.
This is pobably reasonhble, but this assumption is notvedys true

» The peddor feeds &clusively on the pey.
This assumption can be misleadimdpst pedaors do not gclusively feed on one jgy, but
sometimes oyl one pey tha the pedaor hunts is pesent.

* The ewnironment can suppbunlimited quantities of the gy.
This assumption does not seezasonble.

* There is no need to considemales and malessmately
This assumption seemsasonhle, unless someatctor would kill one dispopotionately.

. Yes,the siz of the pedaor populdion would be limited especial if the preddor feeds gclusively on the pey.

. Yes,ther is a point Were the peddor or pey populdion dies out. Br example if y, = 0.1 andx, = 0.1 for the

situdion descibed in Exercise 1,bothy is goproximately zero fort = 11. If the peddor populdion dies outthe
prey populdion will grow rapidly. Yes,there is a point were the pey populdion and the prddor populadion die
out. For example if y, = 10 andx, = 0.1 for the situtéion descibed in Exercise 1,bothy andx will be zero for
t=19.

Answers will vary depending on thealues tiosen.



