Unit 8: Designs Applied Math 30

Unit 8: Designs

8-1: Reviewing Perimeter, Area, Surface Area and Volume

Perimeter: - the length (one-dimensional) around an object.

Area: - the amount of space (two-dimensional) a flat-object occupies.

Surface Area: - the amount of surface material (two-dimensional) needed to build a 3-Dimensional object.
Volume: - the amount of space (three-dimensional) an object occupies.

Formulas that might be useful for this unit

Area Surface Area Volume
Circle A=’ Sphere  SA = 4m° Sphere V= - m’
. _ bxh . 2 . 2
Triangle A= 5 Cylinder S4=2m"+2mh Cylinder V= m"h
B ) Prism V=B x h, where B 1s
Parallelogram A =bxh Cone SA =’ + s the area of the base
Trapezoid A=h [bl ;bz j Cone = % w*h
. . Bxh .
Circumference C=2mr Pyramid V= = where B is

(Perimeter of a Circle) C = 7d the area of the base

Example 1: A water-tank in the shape of an inverted cone has a diameter of 6.4 m and can hold 125.45 m® of
water. To the nearest tenth of a metre, what is the height of this water-tank?

=—mrh

1
r=32m . 3
h

2:
wr

V=12545m’ , 3(12545m’)
~ z(32m) @
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Example 2: A spherical rubber balloon has a maximum radius of 40 cm. If on average, a person can exhale
1500 cm’ of air at one time. How many times an average person need to exhale in order to inflate
the rubber balloon to its maximum volume?

5 268082.5731 cm®

4
V=—mr Number of times needed to exhale = 3
1500 cm’ / exhale

4 3
V=37 (40 cm) Need to Exhale 179 times

V =268,082.5731 cm’

Example 3: A frozen concentrated juice can is made up of tin for the top and bottom lids with waterproof
cardboard paper as the “wall” of the can. Using the diagram below, calculate the cost to produce
a can of frozen concentrated juice to the ten-thousandth of a dollar.

Cost of Tin = $0.0008/cm’
Cost of Waterproof Cardboard Paper = $0.0003/cm’
Cost of Frozen Concentrated Juice = $0.00035/mL (1 cm® =1 mL)

d="7cm

Volume of the Can = m?h = (3.5 cm)* (16 cm)
V'=615.7521601 cm’
V'=615.7521601 mL

Cost of Juice per Can = 615.7521601 mL x $0.00035/mL
Cost of Frozen Juice per Can = $0.215513256

Area of the Lids = 2 (m?%) = 27 (3.5 cm)* = 76.96902001 cm?

Cost of the Tin Lids per Can = 76.96902001 cm” x $0.0008/cm”
Cost of the Tin Lids per Can = $0.061575216

Area of the Cardboard =27z7h = 27(3.5 cm) (16 cm)

h=16 cm Area of the Cardboard = 351.8583772 cm®

Cost of the Cardboard per Can = 351.8583772 cm” x $0.0003/cm”
Cost of the Cardboard per Can = $0.1055575132

Total Cost per Can = Juice Cost + Lids Cost + Cardboard Cost
=$0.215513256 + $0.061575216 + $0.1055575132

@Cost per Can = $0.3826
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Example 4: A room, shown below, is measured 40 ft by 30 ft. The height of the room is 9 ft. There is a
window in this room with the dimension of 5 ft by 4 ft, and a door with a width of 3 ft along with

a height of 7 ft. 40 ft
<< >
9 ft
—> I ﬁ) ft
-«—>
Window (5 ft x 4 ft) Door (3 ft x 7 ft)

a. Baseboards are sold in 8-ft section at $15. How many 8-ft baseboards are needed to cover the
perimeter of the floor? How much would it cost?

b. What is the total wall area of this room?

c. Ifa one can of paint can covers 380 ft, and paint costs $30.00/can, what is the total cost to paint
the walls of this room if two coats of paint are used?

a. 40 ft — 5 baseboard

< o haaebomil aseboards > Total Number of Baseboards =5+4+5+4
A A @ umber of Baseboard@

301t = 4 baseboards oVt = 4 baseboards
8ft / baseboard 8ft / baseboard
(always round up) (always round up)

\4 \4

< p <« » Total Cost = 18 baseboards x $15 / baseboard

Door

(40-3) ft

= 5 baseboards (no baseboard)
8ft /bascboard Total Cost = $270
(always round up)

b. Total Wall Area = Back + Left + Right + Front — Window — Door
= (40 ft x 9 ft) + (30 ft x 9 ft) + (30 ft x 9 ft) + (40 ft x 9 ft) — (5 ft x 4 ft) — (3 ft x 7 ft)
=360 ft* + 270 ft* + 270 ft* + 360 ft* — 20 ft* - 21 ft’

Total Wall Area = 1219 ft?

_ 1219 ft*
¢. Number of Cans Needed (Two Coats of Paint) = 380 2

Total Paint Cost = 7 cans x $30.00/can @l Paint Cost = $210

8-1 Assignment: 8-1 Worksheet

x 2 =7 cans (always round up)
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8-1 Worksheet: Reviewing Perimeter, Area, Surface Area and Volume

1. A roomis 9.5 m long, 8.8 m wide and 3.5 m high. For health reasons, there must be at least 5 m® of air
per person in the room. How many students can safely use the room?

2. A spherical weather balloon 16.2 m in diameter is filled with helium. Each tank of helium provides 30 m’
of gas and costs $25.75. What is the cost of filling the balloon with helium?

3. John works for Smooth Painting Company. One can of paint costs $35.00 and covers 25 m*. Two coats of
paint are needed to cover the water tower that has a diameter of 12 m and a height of 30 m. What is
John’s cost for paint for the tower if the bottom of the tower will not be painted?

8 m

4. A propane storage tank consists of a cylindrical < >
body and hemispherical end sections shown to
the right. To the nearest hundredth of a square 3m
metre, calculate the area to be tar-coated before
the tank is buried in the ground.

5. The gas contained in the hot air balloon is in the
form of a hemisphere on top of a cone. What
volume of gas will the balloon hold to the
nearest m>? A

38 m

6. The wall of a storm sewage pipe is made out of
concrete as shown on the right. If the wall is 0.5 m
thick and concrete costs $85/m’, calculate the Inside
volume of concrete used to make the silo rounded to Diameter
the nearest m’ along with the total cost to the 85m
nearest dollar.

20 m

32 cm

7. An air deflector is placed over an air vent
opening as shown on the right. The deflector is
made out of plastic, which costs $0.00096/cm”.
Calculate the total area of plastic required and 5y 5 ..y

the material cost per deflector.
Top is Open \
45 cm /

25 cm
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8. A school decided to build a new track area for track and field events as shown below.

12m 1 TRACK
50.93 m < INFIELD >
! '

| >

120 m

a. The inside and outside edges are to be lined with a plastic curbing that cost $3.95/m. Calculate the total
cost of the curbing.

b. The infield area is to be covered with sod at a cost of $2.50/m?. Determine the total cost of covering the
infield.

c. The base for the track consists of a layer of crushed stone of 30 cm deep. Calculate the cost of the base at
$28/m’ for crush stone.

d. The track surface will be a composition material costing $6.55/m*. What is the total cost of surfacing the
track?

e. The contractor of this new track area figures it will take 50 workers over 20 days (at 8 hours per day) to
complete the job. If the workers are paid $15.00 per hour, and the contractor would like to mark up 30%
for profit, how much should the contractor quote the school for this new track area?

9. An excavation for the foundation of an office
building forms a trapezoidal prism with 60 m
dimensions shown on the right. +— —>
a. Janet operates a front-end loader that holds 2.8 m’
of earth. What is the least number of loads

required to dig the foundation?

b. Dump trucks with a maximum capacity of 11.2 m’ I 16 m
are used to haul away the earth that Janet removes. 65 m
If she can load one truck every 7 minutes, how T

many hours will it take to haul away the earth?

10. A manufacturer produces golf balls with a standard diameter of 5 cm.

a. The golf balls are individually packaged in a cubic paper box. If the paper box has extra overlap material
measuring 55 cm”, what is the total amount of material needed to package one golf ball?

b. Individually packaged golf balls are shipped in a carton box measuring 72 cm by 103 ¢cm by 54 cm. What
is the maximum number of golf balls that can be shipped in one carton box?

Answers

1. 58 people (rounded down) 2. 75 tanks (rounded up); $1931.25 3. 100 cans; $3500

4. 103.67 m* 5.13547 m’ 6. 283 m’; $24,055 7. 3219 cm®; $3.09

8a. $3457.83 8b. $20,372.04 8c. $44,120.20 8d. $34,403.25 8e. $289,059.32

9a. 18943 loads 9b. 552 hours 32 minutes  10a. 205 cm’ 10b. 14 x 20 x 10 = 2800 golf balls
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8-2: Using Technologies to Design Minimum Cost

Cost Effectiveness: - when the cost of manufacturing a product or the design of a system is minimized, yet
meeting all the requirements of the design.

Highest Cost Effectiveness: - when the minimum cost of the design is achieved.

Example 1: Design a 355 mL pop can with the highest cost effectiveness if the material cost $0.0005 / cm”.
(1mL =1 cm’)

a. Find the equation that relates height with the radius and the specified volume.

V=rmh
355 = m’h (Solving for &)
35 _,
w’

b. Create an EXCEL spreadsheet that will calculate the heights, volumes, surface areas and costs
for each can with radius 1 cm to 10 cm (by 1 cm interval). Find the dimensions of the can
with the least cost.

EXCEL Formulas To enter the exact value of 7 on EXCEL, type PI()

A | B C D | E
1 Designing the Highest Cost Effective Pop Can
7 |
K Volume of Pop Can (mL) 365
4 Material Cost (§/square cm) 0.0005
=]
6 | Radius (cm) Height (cm) Yolume (mL) Surface Area (square cm) Cost ($)
71 =405 (Pl FATAT) =PIFATATRT  =2RITATAT+RIATET =$0$4°D7
(B =ATH =SDS3(PIARAS) =PIFABAR'BE =Z'PIVABAB+ZPIFATEE  =$D$4°DS
(9 =ABH =$DBE(PIFATAT) =PIFATATBY  =ZPIVATABZPIATEY  =$054°D9
[101=A9+1  =$D$3PI;AITAID) =PI(*AIFAIIBAD =Z'PI(AIFAID+2PIAITBI0  =$D$4°D10
11 =A1041 =$DFPIAT 1AL ) =PIAT AT =ZRITAINAN+ZRITANBI =$D44°D11
[12[=A114 =3DE3(PIAI2A12) =PIFATZAIZBIZ =TPIVAIZAI2+2PITAIZEI2  =5D44D12
13 =A12¢0 =SDSPITAITALT) =PITAITAITEIT =ZRITAITAIHZRITAITBIZ 5084013
14 1=A13+1 =SDS3(PIAI4%A14) =PIFAITAIAEIS =ZPITAISAI4ZPIVAIAEI4  =$084D14
18 |=A14H =SDSPITAITALS) =PIFAITAITEIS =ZRITAITAIG+ZRITAIZBIG 5084015
16[=A15+1  =3DSIPIFAIEALE) =PIFAIEAIERIE =ZPIAIEAIG+2PIAIEBIE  =$0$4°D16
17|
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Spreadsheet Results
A | B | C | D | E |
1 Designing the Highest Cost Effective Pop Can
2
3 Yolume of Pop Can {mL) 355
4 Material Cost {$/square cm) 0.000%
5
6 | Radius {cm) Height (cm) Yolume (mL) Surface Area (square cm) Cost ($)
7 1 113.000 355 716.283 03581
g 2 28.250 355 380133 0.1901
g 3 12556 355 293 215 0. 1466
10 4 7.063 355 278.031 0.1390
11 5 4.520 355 299.080 0.1495
12 6 3139 355 344 528 01723
13 7 2.306 355 408 305 0.2047
14 8 1.766 355 490 874 02454
15 9 1.395 355 587 827 02939
16 10 1.130 355 699 319 03497
c. Verify that you have the same results as the spreadsheet on the graphing calculator.
1. Enter 1 to 10 in the L; Column of Stats Editor 2. Enter the following formulas in L, to Ls
11 Lz L= " (All formulas in Stats Editor must begin
STAT » with quotation mark ).
E
B L, = Radius (Enter 1 to 10)
ENTER E
Fo L, = Height “355/(s,%)”
Liim =14

L; = Volume “71.,*L,”

3. Final Stats Editor Display Li=SA “3 2 + 27 L,
4 = 1 12

Lz ¥ L4 ¥ |LE #E

3LC 7i6.z8 | TR Ls=Cost  “0.0005L,”
IRE e
ICE FPELOE | izE0: To access L, press 2nd R

ZEE c3o.0g | 1498y
ZEE s Tn M I B T
zEE 4oz cO4BE

Lecii=, 3558141 .SEIEE.___ To access L, press 2nd

To access L3, press 2nd

To access L4, press 2nd
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d. Graph the Cost versus Radius. Use the appropriate regression to find the radius with the
minimum cost.
1. Turn On STATS PLOT

2. Set WINDOW 3. Graph

x[0101]
To access
1& Flakz Ls, press [l I HOQLI [ 4
gE of W in=a [ L
dFel H L= di ond | BMax=1A@ _ .
Hh-- HIH |~ mscl=1 i o
ﬁ%lit t ﬁmln E4 [ "a ..
i= Max= i
Mark: B —| Y=o l=H, 65 |
mres=1
4. Turn Diagnostic On for : :
Correlation Coefficient CE;E%EE o DlagnDEtIEDHDDHE
Dallar
DerFendAs |k
0 DerendAut.o
et | _
OizgnosticOf f
FOiag9nost.ic0n

5. Decide on the Best Regression Equation
2nd

To access L, press

L1 a. Quadratic Regression b. Cubic Regression
QuadReg L;, Ls CubicReg Ly, Ls
EDIT TESTS uadReg CubicReg
4TLinkea ax+h u=gxt+hx+ic g=gx F+hx e+t
Fuadked a=.da942857431 a=-.8d147 17509
:CubickEeg b=-.H9c035322 b=. 337 7B&37 2
7 AuartEeg c=.38815916@1 C= "L ZHEASSSE22
SiLinFegadathx Fi=.83352920345 d=. 51443535835
o 31 LnRed Ri=. S5dBEl TATS
BlExFrReg —V

¢. Quartic Regression Correlation Coefficients d. Exponential Regression

QuartReg Ly, Ls \ ExpReg L1, Ls
FuarticFed | FuartickFeg \\\ ExFRed
a=gxi+hx i+ 4o g=gxi+bhx i+ +e g=akbhx
3=3. 288264 3E - th=-. BESE3E23323 a=,1693916111
=-,BESE223 332 =.B2E5522924 b;1-941528282
=. BZESE28924 d=-, 3524171912 re=, 113s 0550
d=-,3524171912 e=, 6278148542 =, 34028383511
le=, 52781460542 Ri=,99261 37035
p. 4

Correlation Coefficient Closest to 1; Best Regression Equation

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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6. Copy the Best Regression Equation into screen

. ENTER
a. QuarticReg Ly, Ls, Y; Select Op tlon‘l for Y; -
VARES LuyartEead Li.Le.Y
To access Yy, press Function p

: Parametric..
VARS SiPolar.. EH
4:0n-0FF.. %E
Select Option 1 %i

Check by pressing b. Graph
A Flatz Flob:
~N1B3. ZERZe4 2358

=1 O

7. Run Minimum to locate the Radius that will give the Minimum Cost

Y=z .cH0ZeHE BTN EE “HH -

2nd ?H!!?Eﬂl!
I k 1
25 Zero
CALC minimum
' Ma 1 mum
RVNOON |S5: | Aterzect ENTER
i

(PR by

5 BEl |
o FEF HEE GAEETIR Ly=.1G0ZABAY ,

= . \/
ENTER |

Fidht Bound? Hinirury

i Mz 3,7

FEaund? u
SENZEEZID LYY= 1A0ZETTY | =% 76191 .Y=.1z0971=0% ,

r=3.762 cm p= L =39 h=7.984 cm
m? 7(3.762)

Therefore, the highest cost effective pop can would have a dimensionsD
r=3.762 cm and / = 7.984 cm with minimum cost of $0.12/can.

'|'1=3.2EIIIEE'-IEE|EHE|'-IEE e |

8-2 Assignment: 8-2 Worksheet
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8-2 Worksheet: Using Technologies to Design Minimum Cost

1. Design a water tower in the shape of an inverted cone (with an open top) to hold a maximum of 85 m® of
water. The material and paint cost $70/m”.

r = radius

rth

3

Volume of Cone y =

Surface Area of Cone SA4 = zrs
s = slanted side (with open top)

a. Find the equation that relates height (/) with the radius () and the specified volume (V).

b. Find the equation that relates slanted side (s) with the radius (7) and the height (4). [In EXCEL, Square
Root is typed in as SQRT( .]

c. Create an EXCEL spreadsheet that will calculate the heights, volumes, slanted sides, surface areas and
costs for each water tower with radius 1 m to 10 m (by 1 m interval). Find the dimensions of the water
tower with the least cost.

A | B | C | D | E F
i Designing the Highest Cost Effective Water Tower (Inverted Cone)
2
3 Volume of Water Tower (cubic metre) 85
4 Material and Paint Cost ($/square m) 70
5
6 Radius(m)  Height (m}  Volume (cubic metre) Slanted Side (m) Surface Area (square metre)  Cost (§)
7 1
8 2
9 3
10 4
11 5
12 B
13 ]
14 8
15 9
16 10
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d. Verify that you have the same results as the spreadsheet on the graphing calculator.
Variable STATS Editor Column | Formulas to be Entered ¢ «
Radius (7) L, Enter 1 to 10
Height (h) L,
Volume (V) Ls
Slanted Side (s) L4
Surface Area (S4) Ls
Cost (C) Le

e. Graph the Cost versus Radius with Window Setting x:[0, 10, 1] and y:[0, 24000, 2000]. Use the
appropriate regression with the best correlation coefficient (R?) to find the radius with the minimum cost.

Regression Type (Lj, L¢)

Correlation Coefficient (RZ)

Linear (ax + b)

Quadratic

Cubic

Quartic

Exponential

Cost ($) Highest Cost Effective Water Tower (Inverted Cone)

24000 -
22000 -
20000 -
18000 -
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

0 T T

Radius (m)

0 1 2

Page 188.
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2. As shown below, a stretch of railroad track 15 km between point E and D is selected to put a new train
station (C). Town A is 5 km north of point E and town B is 10 km south of Point D. The train station is to
be connected to both towns with two roads. The cost of building a road is $35,000/km.

Road AC

) Distance CD =x
Station C «¢ [ D

\l|przrzzzezezzezczs:

i
BT e

u ' 2
. ¥ Fin e
i S o

o

Railroad Track DE = 15 km

a. Find the equation that relates the distance of the road BC with the distance of the track CD (x).
b. Find the equation that relates the distance of the road AC with the distance of the track CD (x).

c. Create an EXCEL spreadsheet that will calculate the distances of the roads BC and AC, and the total
costs for each station location 0 km to 15 km from point D. Find the distance the station is from point D
with the least cost. [Square Root Function on EXCEL is SQRT( ).]

A | B | C | D i

1 |Designing Highest Cost Effective Roads to a New Train Station
2
3 Distance of Point D to Town A {km) 10
4 Distance of Point E to Town A (km) 5
5 Distance of Railroad Tack DE (km) 1%
6 Cost of Building Road ($/km) 35000
7

Rallroad Track o - 4 Distance BC (km) Road Distance AC (km) Total Cost
8 | Distance CD
9 0
10 1
11 2
12 3
13 4
14 5
15 3
16 7
17 8
18 9
19 10
20 i
21 12
22 13
23 14

24 15
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d. Verify that you have the same results as the spreadsheet on the graphing calculator.

Variable STATS Editor Column | Formulas to be Entered «
Railroad Track Distance CD (x) L, Enter 0 to 15
Road Distance BC L,
Road Distance AC Ls
Cost (C) L4

.

Graph the Cost versus Radius with Window Setting x:[0, 10, 1] and »:[0, 24000, 2000]. Use the
appropriate regression with the best correlation coefficient (R%) to find the radius with the minimum cost.

Regression Type (L;, L)

Correlation Coefficient (Rz)

Linear (ax + b)

Quadratic

Cubic

Quartic

Exponential

Highest Cost Effective Roads to a New Train Station

$950,000 -

$900,000 -

$850,000 -

$800,000 -

Total Cost ($)

$750,000 -

$700,000 ! ‘ ‘

0 1 2 3

Answers

Page 190.
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11 12 13

Railroad Track Distance CD (km)

15
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la. h= 3—V2 = 3(85) 1b. s*=/~+h  (Pythagoras Theorem)
o
1c. EXCEL Formulas
A B C D | F |
1 Designing the Highest Cost Effective Water Tower {Inverted Cone)
2
3 Volume of Water Tower (cubic metre) 85
4 Material and Paint Cost ($/square m) 70
5
6 | Radius (m) Height (m) Volume (cubic metre)  Slanted Side (m)  Surface Area (square metre) Cost ($)
71 =TSEFHPUFATATY  =PUFATAT'BTSA =SORTIAT+ETAY) =PIV ATDT =SES4"ET
8 |=AT+1 =TSEFUPITASTAS) =Pl AGTAGBSSA =SORTIABM+BEY) =PIy ABTDS =$E$4"ES
9 |=AB+1 =TSEFUPITFATAY =PI AT ATBISA =SORTIAR+ESY) =PI AQ*DQ :$E$4*E9
10 =Ag+1 =TSEFHPIFAIOAI0) =PIFAIAI0BI0R =SART(AT02+B102) =PI[yFA10°D10 =$E$4E"
11 =A10+1 =TSEFHPUTATITATY =PIFAITAITBIR  =SQRT(AT1"24B11%2) =PI(FA11"D11 =SES4E 1
12 =A11+1 =TSEFUPUTAIZTAIZ) =PIFAIZAIZBIZE  =SQRT(A1242+B12'2) =PIy A12°D12 =$E$4°E12
13 =A12+1 =TSEFHPITAIIALI) =PIFAITAITBIY3 =SART(A13*2+B13'2) =PIyFA13'D13 =$E$4°E13
14 =A13+1 =TSEFHPUTAIMTA) =PIFAIS A B4  =SART(A14°2+B14"2) =PI[FA14'D14 =$E$4°E14
15 =A14+1 =FES3PIYAISTATS) =PIFA15*A15"B15/3  =SQRTIA15*2+B15°2) =PIFA15°D15 =$E$4E1S
16 =A15+1 =FESAPIFAIETAIG) =PIFA1GTAI6°B16/3  =SQRTIA16*2+B16°2) =PIFA16°D16 =$E$4E16
Spreadsheet Results (L.east Cost at radius of 4 {n)
A | B | C .\ D | E F
1 \Designing the Highest Cost Effective Wer Tower (Inverted Cone)
2
3 Yolume of Water Tower {cubic metre) 85
4 Material and Paint Cost ($/square m) 70
5
6 | Radius {m} Height {(m]  Volume (cubic metre) Slanted Side {m)\ Surface Area (square metre) Cost ($)
7 1 81.169 85 81.175 255.019 $  17,851.35
8 2 20.202 85 20.391 128.118 $  8.988.24
9 3 9,019 5 LEQs Q579 $ 627055
16 4 5.073 85 6.460 81.183 $ 563151 >
11 5 T2 a5 556 SaRe T 6,555.19
12 6 2.255 85 6.410 120.819 $  8457.34
13 7 1.657 85 7.193 158.180 $  11,073.27
14 8 1.268 85 8.100 203,573 §  14.250.10
15 9 1.002 85 9.056 256.042 $  17,922.91
16 10 0.812 85 10.033 315.192 $  22,083.47
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Variable STATS Editor Column Formulas to be Entered
Radius (r) L, Enter 1 to 10
Height (k) L, “255/(nLy%)”
Volume (V) L; “nly’Ly/3”
Slanted Side (s) L, “ (L +LyY)”
Surface Area (SA) Ls “mlqLs”
Cost (C) L “70Ls”
le. Regression Type and Correlation Coefficients (R?)
Regression Type (L, L) Correlation Coefficient (R%)
Linear (ax + b) 0.253497663
Quadratic 0.9185341169
Cubic 0.9861826646
Quartic C_0.9974708192 D  (Closest to 1)
Exponential 0.2426556321
Cost ($) Highest Cost Effective Water Tower (Inverted Cone)

24000 -
22000 -
20000 -
18000 -
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

0

Quartic Equation
y =14.35087815x" — 396.8519585x" + 4264.453551x* — 18295.60216x + 32046.51204

Minimum Cost = $5316.90
when r=3.7635 m

Radius (m)

0 1 2 3 4 5 6 7 8 9 10
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2a. Using Pythagoras Theorem

Distance of Road BC ZVC_DZ +10?

2b. Using Pythagoras Theorem
Distance of Road AC :\/ (15 — C_D)2 +5°

Distance of Road AC =/(15- x)’ + 52

2c¢. EXCEL Formulas
A | B | C | D
1 | Designing Highest Cost Effective Roads to a New Train Station
Z
£ Distance of Point D to Town A {(km) 10
£} Distance of Point E to Town A (km) 5}
5 Distance of Railroad Tack DE (km) 15
51 Cost of Building Road {$/km) 25000
=
Railroad Track Road Distance BC Road Distance AC (km) Total Cost

g Distance CD {km)
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9 |0 =SQRT(ASZ+$D$3"2)  =SQRT($D$5-A9)2+3D%4°2)  =3D$67(BI+C9)
10 [=A9+1 =SQRT(A10°2+3D$23"2) =SQRT{($D$5-A10y"2+3D$4"2) =3D$6"(E10+C10)
11 [=A10+1 SSORTAT1A2+EDE342) =SQRTHSDE5-A112+30%442)  =$D$E (B11+C11)
12 [=A11+1 =SART(A1272+3D$3"2) =SQRT{($D$5-A12y"2+3D$4"2) =3D$6"(B12+C12)
13 [=A12+1 =SART(A13"2+3D$3"2) =SQRT{($D$5-A13y"2+3DF4"2) =3DE6"(BE12+C13)
14 [=A13+1 =SQRT(A14°2+3D$3°2) =SQRT{($D$5-A14"2+3D$42) =3DEE(BE14+C14)
15 [=A14+1 =SART(A15"2+3D%$3"2) =SQRT{($D$5-A15y"2+3D$4"2) =3D$67(B15+C15)
16 [=A15+1 =SART(A16°2+3D$3"2) =SQRT{($D$5-A16y"2+3D$4"2) =3D$6"(B16+C16)
17 [=A16+1 =SQRT(A17°2+3D$3"2) =SQRT{($D$5-A172+3D$4"2) =3DE6"(B17+C17)
18 [=A17+1 =SQRT(A18"2+3D%$3°2) =SQRT{($D$5-A18"2+3D$4°2) =3DE67(B18+C18)
19 [=A18+1 =SART(A19°2+3D$3"2) =SQRT{($D$5-A19y"2+3D$4"2) =3D$6"(BE19+C19)
20 |=A19+1 =SART(AZ0"2+3D$3°2) =SQRT{($D$5-AZ02+3D$4°2) =3D$6"(BE20+C20)
21 |=AZ20+1 =SORT(A21/2+3D%$3°2) =SQRT{($D$5-A212+3DE42) =3DEE(BE21+C21)
22 |=A21+1 =SQART(AZ2272+3D$3"2) =SQRT{($D$5-A22y"2+3D$4"2) =3D$6"(B22+C22)
23 |=A22+1 =SART(AZ3"2+3D$3"2) =SQRT{($D$5-A23y"2+3D$4"2) =3D$67(B22+C23)
24 |=A23+1 =SQRT(A24°2+3D$3°2) =SQRT{($DF5-A24"2+3D$4"2) =3DEE"(E24+C24)
Spreadsheet Results
A | B | C D | E ]
1 |Designing Highest Cost Effective Roads to a New Train Station
2
3 Distance of Point D to Town A (km) 10
4 Distance of Point E to Town A (km) 5
5 Distance of Railroad Tack DE (km) 15
& Cost of Building Road {$/km) 35000
7
Railroad Track Road Distance Road Distance

. Total Cost
& | Distance CD BC (km) AC (km)
g 0 10.00000 1551139 $ 903,393.59
10 1 10.04988 14 86607 £ §72,058.05
11 2 10.19804 1392839 t 844424 .96
12 3 1044031 13.00000 $ 82041073
13 4 1077033 12.08305 £ 79936815
14 5 11.18034 11.18034 $ 78262379
15 6 1166190 1029563 £ 763,513.69
16 7 12 20656 943393 $ 757418.79
17 3 12.80625 860233 $ 749,300.08
= 100 ;4?”:15?4 ;'0;10; ; Eg 322 ?8 Least Cost at Railroad
20 ™ — e e TTA421.75 Track CD Distance of 10 m
21 12 1562050 583095 $ 750,800.79
22 13 1640122 538516 $ 76252345
23 14 17.20465 509902 $ 78062845
24 15 18.02776 5.00000 $ 80597147
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2d. Graphing Calculator Formulas

Variable STATS Editor Column Formulas to be Entered
Railroad Track Distance CD (x) L, Enter 1 to 15
Road Distance BC L, “(L’+10%”
Road Distance AC L; “\((15-Ly)*+5%”
Cost (O) L4 “35000(L,+L3)”

2e. Regression Type and Correlation Coefficients (R%

Regression Type (Lj, L) Correlation Coefficient (R%)
Linear (ax + b) 0.4816484651
Quadratic 0.9961779882
Cubic 0.9988553759
Quartic C_0.9999681768 D  (Closest to 1)
Exponential 0.4775725146

Highest Cost Effective Roads to a New Train Station

$950,000 - . .
Quartic Equation
y= 5.37412137x" — 128.6834791x° + 2589.318641x” — 34559.78383x + 903765.6973
$900,000
e
+ $850,000 -
o
O
o
..g $800,000 -
(o Minimum Cost = $742,155.67
when x =9.9697 km
$750,000 -
$700,000 I I I I I I I I I I I I I I 1
o 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15
Railroad Track Distance CD (km)
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8-3: Using Exponential Regression

When a set of data appears to have an exponential relation, we can determine the average rate of growth or
decline by running the exponential regression function from the graphing calculator.

Exponential Regression Compound Interest Formula
y=ab" A=P1+r)
y = final amount at time x A = final amount at time n
a = initial amount at time 0 P = initial amount at time 0
b = overall rate r =rate of increase or decrease (> 0 increase ; r <0 decrease)
Xx = time n = time
Aswecansee,y=A,x=n,a=P,and b= (1 +r)between these two formulas. When we find b, the
overall rate, we can find the rate of increase or decrease, r.

Example 1: The average total income of Canadian families is shown in the table below.

Year | Number of Year Since 1990 | Average Canadian Family Total Income
1993 3 $57,605
1994 4 $58,666
1995 5 $58,592
1996 6 $59,451
1997 7 $60,772
1998 8 $63,247
1999 9 $63,818

a. Enter the above table in the Stats Editor of the graphing calculator and determine the equation of
the average Canadian family total income versus the number of years since 1990 using
exponential regression.

b. What is the average rate of increase for the average Canadian family total income between the
years 1993 to 1999?

c. Graph the average Canadian family total income versus the number of years since 1990 for 25
years (Scatter Plot and Exponential Regression Equation).

d. Using the equation obtained in part b.; predict the average Canadian family total income in the
year 2010.

e. Find the year when the average Canadian family total income will exceed $70,000.
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a. Obtaining Exponential Equation

1. Enter first and second column into L; and L,. 2. Turn Diagnostic On for Correlation Coefficient

STAT L1 Lz L3 z 2nd CATALOG A
Crg0C Dedree
CEGEE | DelWar
CEEL: DerFendAs |k
Eg;;% OerendAut.o
et

0
Fim 0iadnosticOff
Lzi?) =552182 o FO1a9nostic0n

ENTER

nm=JImn L

ENTER |(RFR=t=lglal=8 &A=t i)y

3. Run Exponential Regression and Copy to Y;. Dorne
EDIT TESTS
4tLinkEe3aax+b2
= BHadRea
Sihiitges
: QuartEe
S:LinRedt athxd . ExpRed
9 P e i I
b=1.317586875
Fre=. 9206431064
ExFRega Y14 p:_gasiéaagaz
Corklation is good
(ris close to 1)
y=154210.77 (1.017806079)
OR b. r=0.017806079

A =154210.77 (1 + 0.017806079)"

@e Rate of Increase = 1.78%

¢. Graphing Scatter Plot and Exponential Regression Equation

1. Turn On STATS PLOT 2. Set WINDOW

2nd STAT PLOT ENTER WINDOW
Y=

x: [0, 25, 1] y: [50000, 90000 5000]

ﬁﬁﬂ Flokz  Flob3 To access LI THOIO
off L,, press Aamin=@
upst B L~ I one Hma:{fES
b T [ )
wlistild $NIH=EEEEE
i=1.: Max=
Mairr gt e— | Vs 1=5000
2 Fes=
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3. Graph JRE&L:VS:

Average Canadian Family Total Income

$90,000 -
$85,000 -
$80,000 -
$75,000 -
$70,000 -
$65,000 -
$60,000 -
$55,000 -

$50,000 T T T T T T T T T T T T
0O 2 4 6 8 10 12 14 16 18 20 22 24

Number of Years since 1990

Total Income

d. In the year 2010, x = 2010 — 1990 = 20. Using the Regression Equation, y = 54210.77 (1.017806079)",

y=54210.77 (1.017806079)*° The average Canadian family
y=9877158.96 total income in 2010 is $77158.96

e. The year at which the average Canadian family total income exceeds $70,000.

1. Set Y, =70000 gAE 2. Find Intersecting point between Y; and Y.
AT Flotz Flots 2nd o
ST —
. =
B187x . L
< 2 B P EIEEE zivajue | md_,.rf"
:3?,; Siminimumn Inkcrsection
atig= 41 maxinum H=i4.4BZ8E7 . Y0000 . .. ..
= intersect
e LR s x = 14.482957 (round up)
/?:IF':}:}-:I}: x =15 years

Select Option 5 .
ENTER ENTER ENTER 15 years since 1990
Year 2005
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Example 2: The number of Canadian retail businesses that have filed for bankruptcies is shown below.

Year 1997 | 1998 | 1999 | 2000 | 2001

Number of Year Since 1997 0 1 2 3 4

Number of Bankruptcies filed by Canadian Retail Businesses | 2579 | 2266 | 1964 | 1821 | 1814

a. Enter the above table in the Stats Editor of the graphing calculator and determine the equation of
the number of bankruptcies filed by Canadian retail businesses versus the number of years since
1997 using exponential regression.

b. What is the average rate of decrease for the number of bankruptcies filed by Canadian retail
businesses between the years 1997 to 2001?

c. Graph the number of bankruptcies filed by Canadian retail businesses versus the number of years
since 1997 for 25 years (Scatter Plot and Exponential Regression Equation).

d. Using the equation obtained in part b.; predict the number of bankruptcies filed by Canadian retail
businesses in the year 2015.

e. Find the year when there will be less than 1000 Canadian retail businesses file for bankruptcies.

a. Obtaining Exponential Equation

1. Enter first and second column into L; and L,. 2. Turn Diagnostic On for Correlation Coefficient

L1 Lz Lz z 2nd CETALOG H
0 zerd | - Degdres
L |aE m Dereidfs k
eFrendds
; it 0 Eeiﬁ-ndﬁutn
____________ =
OizgnosticOf f
Lziey =1214 o FOiag9nosticOn
0Oiag ticO
3. Run Exponential Regression and Copy to Y;. 1AEnost s nl:hjne
EDIT TESTS ENTER
4TLinkEeaCax+h -
2 HyadReg
&3 Cubiches oo
i iAReat aths) , 2=2450. 144557
a: LnReg /’Select Option 0 E?l'ﬁ'é % gﬁgggégq
ZLErRe P= - G55 7536531
ExFRea ‘4 \

N
ENTER Correlation is good

(r is close to —1)

»y=2488.144552 (0.9118894519)° OR A4 =2488.144552 (1 — 0.0881105481)"

(¢-)

[
=
o
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b. r=1-b

r=1-0.9118894519 Average Rate of Decrease = 8.811%

r=0.0881105481

¢. Graphing Scatter Plot and Exponential Regression Equation

Number of Retail Businesses

1. Turn On STATS PLOT

2nd STAT PLOT ENTER
=

FlokE  Flokz
o
F- : .

To access
L,, press

2nd

L

2. Set WINDOW

WINDOW

x: [0, 25, 1] y: [0, 2700 100]

W IHOOL
amiln=H
AMAw=20
wecl=1
Y'min=H
VYmax=27HA
Y= l=184
ares=]1

2,600 m
2400 -
2,200 -
2,000 -
1,800 -
1,600 -
1,400 -
1,200 -
1,000 -
800 -
600 -
400
200 -

10

15 20

Number of Year since 1997
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d. In 2015, x = 2015 — 1997 = 18. Using the Regression Equation, y = 2488.144552 (0.9118894519)",

y=2488.144552 (0.91 18894519)18 In 2015, there will be 473 Canadian retail
y=472.9716021 businesses that will file for bankruptcies.

e. The year at which there will be less than 1000 Canadian retail businesses that will file for

bankruptcies.
1. Set Y, =1000 Y= 2. Find Intersecting point between Y; and Y.
Flakl Floke Flokz 2nd TRACE

=W B248E. 14455

13
B2+, 91138945194 ;F]!!EI!“F

~ET SEM1inimum
wNy= A1 masimum Inkersection
wWMe= =9 BAZE0/Y JY=100) L,

intersect
e TR b x = 9.8826079 (round up)
PR REIL x = 10 years
Select Option 5
ENTER ENTER ENTER 10 years since 1997
Year 2007

8-3 Assignment: 8-3 Worksheet
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8-3 Worksheet: Using Exponential Regression

1. The world oil production measured in millions of barrels (Mbl) over time is shown in the table below.

Year Number of Year World Oil Year Number of Year World Oil
since 1880 Production (Mbl) Since 1880 Production (Mbl)

1880 0 30 1962 82 8882
1890 10 77 1964 84 10310
1900 20 149 1966 86 12016
1905 25 215 1968 88 14104
1910 30 328 1970 90 16690
1915 35 432 1972 92 18584
1920 40 689 1974 94 20389
1925 45 1069 1976 96 20188
1930 50 1412 1978 98 21922
1935 55 1655 1980 100 21722
1940 60 2150 1982 102 19411
1945 65 2595 1984 104 19837
1950 70 3803 1986 106 20246
1955 75 5626 1988 108 21338
1960 80 7674

a. Enter the above table in the Stats Editor of the graphing calculator and determine the equation of the
amount of world oil production in Mbl versus the number of years since 1880 using exponential
regression.

b. What is the average rate of increase for the world oil production between the years 1880 to 1988?

c. Graph the world oil production versus the number of years since 1880 for 150 years (Scatter Plot and
Exponential Regression Equation). x:[0, 150, 10] y:[0, 150000, 10000]

d. Using the equation obtained in part a.; predict the world oil production in the year 2010.

e. Find the year when the world oil production will exceed 120,000 Mbl.

2. A new $30,000 vehicle and its depreciation over time is as follows

Year

0

1

2

3

4

Value of the Vehicle

$30,000

$25,500

$21,675

$19,500

$17,500

a. Enter the above table in the Stats Editor of the graphing calculator and determine the equation of the
value of the vehicle versus time using exponential regression.

b. What is the average rate of decrease for the value of the vehicle?

c. Graph the value of the vehicle versus time for 10 years (Scatter Plot and Exponential Regression

Equation). x:[0, 15, 1] y:[0, 35000, 5000]

d. Using the equation obtained in part a.; predict value of the vehicle in its 9" year to the nearest dollar.
e. Find the year when the value of the vehicle will be below $5000.

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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Answers

la. y=49.6789623 (1.063521516)" OR A =49.6789623 (1 + 0.063521516)"

1b. Average Rate of Increase = 6.3522%

1c.

le.

2a.

Oil Production (Mbl)

150000 -
140000 -
130000 -
120000 -
110000 -
100000 -
90000 -

80000 -

70000 -

60000 -

50000 -

40000 -

30000 -

20000 -

10000 -

0

0

10

1d. In 2010, x = 130 years, y = 149,000.92 Mbl
Qil Production versus Number of Years since 1880

20 30 40 50 60 70 80 90 100 110 120 130 140 150
Number of Years since 1880

y=120,000 Mbl ; x =127 (rounded up) In the year 2007

» =129340.87333 (0.8740430058)"

OR  A4=29340.87333 (1 — 0.1259569942)"

2b. Average Rate of Decrease = 12.5957% 2d. x =9 years,y=9$8735

2c¢.

Vehicle Value ($)

$35,000.00 ~

$30,000.00

$25,000.00 -

$20,000.00 -

$15,000.00 -

$10,000.00 -

$5,000.00 -

Depreciation of a New Vehicle

0

Time (years)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2e. y=$5000 ; x = 14" year (rounded up)
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