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When the points on the graph of a relation lie along a straight line, the

relation is linear

A linear relationship implies equal changes over equal intervals

—>any linear model can be represented by a linear relation of the formy =

mx + b, where

m represents rate of change (or slope)
b represents the y-intercept (or where the line crosses the vertical

axis)

The first differences are constant
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KEY CONCEPTS

The rate of change of a linear relation is constant
- EXAMPLE: A car travelling a constant speed will travel equal distances
over equal time intervals

If the rate of change is positive, the quantity is increasing

If the rate of change is negative, the quantity is decreasing

If the rate of change is zero, the quantity is constant

- Rate of change can be used to make predictions of future trends

A line of best fit can be used to estimate long term trends when shortterm
trends are not obvious
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EXAMPLE 1  Buying Electricity

Electrical energy is sold in units called kilowatt-
hours (kWh). Shelley operates a horse-
boarding stable. The graph shows the monthly
cost for the electricity consumed to operate the
stable

(a) Describe relationship between monthly
cost and energy consumed
The more energy consumed, the higher
the monthly costs

e T

Shelley’s Electricity Costs
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EXAMPLE 1 Buying Electricity ~ Shelley’s Electricity Costs
Y
(b) Use the graph to estimate the cost of 200 kWh 140
The cost of using 200 kWh is $50 120
(c) By how much does the cost increase for | E T
|-5.ig0}
(i) 300 kWh Z
At 300 kWh, the cost is $55 - Y = i
> there is in increase of $5 from 200 20 L1
kWh 201411
(i) 400 kWh 0200 400 600 800 1000 %
Ll g L1 Energy (kWh) | | I

At 400kWh, the cost is $60
- there is in increase of $5 from 300
kW

(d) How does the cost change each time the
consumption goes up by 100 KWh?
For every 100 kWh increase, the cost
increases by $5!
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EXAMPLE 1 Buying Electricity ~ Shelley’s Electricity Costs
| 7\
(e) Consider the rate of change of cost with respect i
to consumption. What are suitable units for this rate f 120
of change? & o
Rateof change= Changeof monthlycost 2 8 -
Changein energyconsumption |2
Dollars é oY .
Rat h = . 1o
ateof change kWh Units are Dollars 40 & |1
per kilowatt hour 0| 11
| o P |
1 1 1
(f) Is the rate of change of cost with respect to 0 200 43:”60?'( Va?)o 1000 %
consumption increasing, constant or decreasing? e
Explain.
CONSTANT

= increasing by $5 for every 100 kWh
- Line has a positive slope
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EXAMPLE 2 Fuel Consumption in an Aircraft Time (h) | Fuel Remaining (gal)
0.00 19.50
The Diamond Katana is a popular training aircraft 0:25 18.70
manufactured in London, Ontario. The capacity of the fuel g;g 1;?8
tank is 19.5 gal. The table shows the amount of fuel : :
ining in the tank during a flight 2 e
remaining in the ta g ght. i ST
150 14.60
(a) Draw a graph, with time on the horizontal axis and fuel 1.75 13.80
remaining on the vertical axis 2.00 13.00
225 12.20
L 250 | 11.40
oo 2.75 10.60
Fu.ell R T e 3.00 9.80
remaining |- asf™ s doiodonio bbb
(gal) st NG (b) Descrlbe the shape of the
IS X K
PSS U O . G N U S VOO S O graph - |
0N Data po‘/nts form a
------ e e AR . G A straight line
...... o O S SRS ULty S LIS SOLOUOUpUpUOts SRS Fn. Il SOOI SO
______ oL N "
...... S U U U N U U AU OO0 SO S Dot
0 o.5 1 1.5 22.|5 3 3.5 4 4.5 5 X

Time (hours)
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EXAMPLE 2 Fuel Consumption in an Aircraft
(b) How much fuel was consumed during

(i) the first hour of flight?
fuel consumption = start capacity — end capacity
6.30

=13.2 gal

(ii) the second hour?
fuel consumption = start capacity — end capacity
=16.30 - 13.00
=13.3 gal |

(iif) the third hour?
fuel consumption = start capacity — end capacity
= 13.00 - 9.80

E 3.2 gal'

-~

Time (h) | Fuel Remaining (gal) |
0:00 (R
0.25 18.70
0.50 17.90
0.75 17.10
1.00 16.30
1.25 15.40
1.50 14.60
1.75 13.80
2.00 13.00
2.25 12.20
2.50 11.40
2.75 10.60
3.00 9.80

(iv) Does
appear to
constant opdecr@@ mg
CONSTANT
- 3.2 gal 0 fuel is be ng used
every hour |

(\\

'v f' i A 1 AAL
i M AM J“y‘} g’;g;,r;@ws‘u z«‘::M
| VINELIIVE LUV
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EXAMPLE 2 Fuel Consumption in an Aircraft

(d) What is a reasonable estimate for the rate of change of
fuel remaining in the tank? Include suitable units for this
rate of change

Final capacity— starting capacity

Rateof change =
! ° Total time
Rateof change = 9.80gal—19.50 gal
3h
Rateof change = —9.7gal

3h
I Rateof change=-3.2 gal/ h I

Fuel amount decreased by 3.2 gallons per hour

Time (h) | Fuel Remaining (gal)
000 [REEE
0.25 18.70
0.50 17.90
0.75 17.10
1.00 16.30
1.25 15.40
1.50 14.60
1.75 13.80
2.00 13.00
2.25 12.20
2.50 11.40
2.75 10.60
3.00 9.80
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EXAMPLE 2 Fuel Consumption in an Aircraft

(e) Determine the length of time that the aircraft can be
flown on one tank of fuel

Time — Fuel capacity
Rateof fuelconsumption
Time — 19.5 gal
3.2gal/h
I Time=6.1h I

The aircraft can be flown for approx. 6 hours on one tank
of fuel

END OF DAY 1

JELS

-~

Time (h) | Fuel Remaining (gal)
0.00 19.50
0.25 18.70
0.50 17.90
0.75 17.10
1.00 16.30
1.25 15.40
1.50 14.60
1.75 13.80
2.00 13.00
225 12.20
2.50 11.40
2.75 10.60
3.00 9.80

I N A\
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Canadian Coffee Consumption (Using Technology for Linear
Regression)

The table shows the yearly average Canadian coffee
consumption per capita.

| (a)
Year | Consumption (L) | Year | Consumption (L) | Year | Consumption (L) Examine the values in the
1978 91 1988 92 1998 96 table. Predict whether the
1979 93 1989 90 1999 99 trend in coffee consumption
s 7 20 26 2009 101 is increasing, constant or
1981 102 1991 97 2001 102 e T —
1982 94 1992 88 2002 104 N

for yourlpred

1983 91 1993 92 2003 105 Coffdat
1984 93 1994 99 2004 106 Olre 1
1985 97 1995 96 2005 102 gradtialy
1986 91 1996 97 2006 101 - Co
1987 90 1997 94 2007 104 to 20

Source: Statistics Canada, CANSIM Table 002-0011, Database: E-STAT
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Canadian Coffee Consumption (Using Technology for Linear

Regression)

(b) Let 1978 be Year 0. Use
DESMOS to create a scatterplot
with the year on the horizontal axis

and consumption on the vertical
axis. Sketch the scatterplot below.

Coffee
consumption

(L)

)

IS

Year | Consumption (L) | Year | Consumption (L) | Year | Consumption (L)
1978 91 1988 92 1998 96
1979 93 1989 90 1999 99
1980 97 1990 96 2000 101
1981 102 1991 97 2001 102
1982 94 1992 88 2002 104
1983 91 1993 92 2003 105
1984 93 1994 99 2004 106
1985 97 1995 96 2005 102
1986 91 1996 97 2006 101
1987 90 1997 94 2007 104
Source: Statistics Canada, CANSIM Table 002—0()1 1, Database: E-STAT
... [
... ..
[ J [ J
([ ¢ O. [
° (]

Year
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EXAMPLE 3

Canadian Coffee Consumption (Using Technology for Linear

Regression)

(c) Use linear regression to determine
the equation for the line. Sketch the line
of best fit in your sketch in Part (b)

Coffee
consumption

(L)

Year
DESMOS

LinReg
y = ax+b
a= 0.389
b= 91.028
r2 = 0.456
r= 0.676
Equation: y=0 389x + 91 028

/ L\ v \

(d) Does theJme of besf f|t support
your predlctlon in (aY?

Yes ,

—>Line has a pos:tlve slope |

> Indicate's there iis' anvincredse in
coffee consumption (0.389 L/year)
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Canadian Coffee Consumption (Using Technology for Linear

Regression)

(e)

Predict the coffee consumption in 2018 using

the equation from Part (c) _ a= 0.389
Since 1978 is Year 0 804108 19
- 2018 would be year 40 - b= 91.028
r2 = 0.456
Substitute x = 40 into the equation
r= 0.676

y = 0.389x + 91.028
= 0.389 (40) + 91.028

(106583 L]

The coffee consumption in 2018 will be
106.588 litres.

DESMOS

LinReg

y = ax+b

Equation: ¥2.0.388R + 91.028
/\>/ H\\ \\\\\ B (\Q\

(d) Does thedme of bésﬂjt\éupp/ort

your predlctloh in (afV

Yes / [\

—>Line has a pos:tlve slope

> Indicate's there is' an“incredse’in

coffee consumption (0.389 L/year)
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SCATTERPLOTS and REGRESSION ANALYSIS SUMMARY USING DESMOS

*** Download the DESMOS w
ey

1. Launch DESMOS
2. Press +

3. Select ™ &

app to your phone — it is a FREE DOWNLOAD

4. Create a table of values by entering the x and y values under the x1 and y1 respectively

REGRESSION ANALYSIS
LINEAR QUADRATIC EXPONENTIAL
5. Press 5. Press 4 5. Press
6. Select fix) expressic 6. Select f7xv) expressic 6. Select f7v) expressic
-
7.Enteryr~mx1+b 7. Entery1 ~ax+? +bxi + ¢ 7. Enter Vv, ~ ab*
LinReg QuadReg ExpReg
y = ax+b y = ax?+ bx +c y = ab*
a= = a=
b= = =
2= c= re=
R2 = =

PREVIOUS

CABILAN MATH UNLIN

E.COM
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HOMEWORK / SEATWORK

Page 275
#1-5,7, 11
#12 (using Technolegy)
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