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IE
m App“hcatlons of Straight

Line Graphs

Chapter Summarx

Applications of straight line graphs

x and y are linearly related x and y are non-linearly related

e y=mX+c
or |
Y-Y=mX-X)
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Some useful conversions:

E& y = ka* lgy=(ga)x+1gk
where Y=Igy,
X=ux

gradient =1g a,
Y-intercept = 1g k

2 |y=ax" lgy=nlgx+lga,
where Y=Igy,
X=1gx,
gradient = n,

Y-intercept =lg a

3 |y=ae* Iny=kx+Ina,
where Y=Iny,
X=x
gradient = k,
Y-intercept=Ina
4 |y=ax*+bx %=ax+b,
where Y= Z-,
X
X=2x
gradient =g,
Y-intercept = b
2 o
x X
where Y= 12 ;
x
=Ll
X
gradient = b,
Y-intercept=a
5lab_ L_.a 1) 1
xty =1 At
where Y=+ s
¥
K=d
x 2

gradient = —%

S -

Y-intercept =
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Converting a non-linear equation into

the linear form

@bjectives Checklist
s ¢ amms o WEEED o ommmm
« Convert a non-linear equation into the linear form

« Convert a linear form into a non-linear equation

¢ and Worked Examples -

If a line has a gradient m and y-intercept c, then: Y
~ Equation of a non-vertical line: y = mx + ¢ P T,
C(0,¢)
When a graph of Y against X is drawn, then: ) > X

Equation of a non-vertical line: Y = mX + ¢
or
Y-Y =mX-X)
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(WIO|R [KTE [D]
XTAMIPIL Converting a non-linear equation into the linear form
Express each of the following equations in the form Y = mX +¢, where X and Y are functions of

x and/or y, and m and c are constants. State the value of m and of c. For parts (b) and (c), show two
methods of obtaining the answer.

(@ y=x-4 (b) 9y=5x"+x
(¢) 6x+2y=xy (d) y= \/;8_3
(s{ofL{u[T]i[O]N]
(@ y=x*-4

Y=mX+c

sm=landc=-4

(b) 9y=5x*+x
Method 1: Method 2
9
skl AR
X xz
&S Dl ¥ _dfaN:s
x99 ;2-=§(;)+§
Y=mX+c Y=mX+c
=3 =1 W Gt
Tt " st
(c) 6x+2y=xy
Method 1: Method 2
6x 2y Gic 2
! bx 2V
Xy xy AT
L 2y
v x k et 4
6__2
y— x+l }’—2(%)+6
Lol
y 3% 6 Y=mX+c
l:—ll)+l "'m=25c=6
¥y 3\x) 6
Y=mX+c
U [P )
E e
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- 8
@ y=—2o
1 1 3
el A
Y=mX+c
Lo

E!II‘ TUTORIAL 8.1: Questions 1,2

WIOIR [KIE D\
(EIXTAMIP[L | Finding the values of unknowns in a non-linear equation
The variables x and y are related by the equation ¥ = g% +%, where p and g are constants. When
£
a graph of % is plotted against %, the resulting line has a gradient of ~% and an intercept of 2 on
%
the 7})_; -axis. Find the value of p and of 4.
(SIOILIUIT]I]O[N]
Method 1: Method 2:
YZmX+c ___(}) : y=pﬁ+%
Substitute m = —= =2 into (1):
ubstitute m 3 and¢ o (1) \—[-y_;=p+% ¢— Divide by
Y= —%X +2 5. : Vx throughout.
—_—= =4
LetY:——j’:andX:%: Vx oo =
A Y=mX+c
—y._ = _l (.l.).[. 2 . 1
o Bl% Smcem=qandc=p,thenp=2andq=—§.
e
Jx  3x £
y= ot g Multiply by
3Jx ‘
i Jx throughout.
= Iife—
i U 3Jx
p=2,q9=-<
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Vol KIE DAY _
EXTAMIPIL ES Converting a linear form into a non-linear equation

The diagram shows part of a straight line graph of % against x°,

P | =

passing through the points (-4, 7) and (5, 4). Express y in terms of x.
(_4: 7)

\\\\\XGA)

S {OL{U[T|I{O[N]
i 1
: 4-7 : AnslT
Gradient = & Gradient # —2—i
5-(—4) - 5% - (-4)}
e L
3

Y=mX+c —(1)
&mmmmm=—%,X=5de=4mmﬂh€———X¢5£Y¢%

o |
4= 3(5)+c
=—%+c
o LE
=3
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 CLASS:  DATE: N

NAME:

1. Express each of the following equations in the form Y = mX + ¢, where X and Y are functions

of x and/or y, and m and ¢ are constants. State the value of m and of c.
3

(@) y=6x+1 (b) 2-=7-x
() sx+i =8y @ Jy = 55175
(e) y=3(107) ) 6ev=13Yx

2. In each of the following equations, @ and b are constants. Express each equation in the form
Y = mX + ¢, where X and Y are functions of x and/or y, and m and c are constants.

(a) ¢ =ab* b) Jy=-%

x*=b

3. The variables x and y are related by the equation py + gx = ¥, where p and q are constants.

When a graph of % is plotted against x, the resulting line has a gradient of % and an intercept

of -7 on the % -axis. Find the value of p and of g.

4. The variables x and y are related by an equation of the form y = ax’, where a and b are
constants. When a graph of In y is plotted against In x, the resulting line has a gradient of

-3 and a (In y)-intercept of -% . Find the value of a and of b.

5. 'The variables x and y are related by the equation y = 6e™.
(i) Showthatlny=-x+Iné.
(ii) Sketch the graph of In y against x.
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1
gAJ’

(-5, 10)

e

(5,5)

0 P

The diagram shows part of a straight line graph of Ig y against x, passing through the points
(-5, 10) and (5, 5).

(i) Express yin terms of x.

(ii) Find the value of x when lg y = 4.

(11, 12)

(3,6)

0 £
The diagram shows part of a straight line graph of e” against x°, passing through the points
(3,6) and (11, 12).
(i) Express yin terms of x.

(ii) Find the value of y when x = 10.

(iii) Q? Another point, (h, k), lies on the graph of e” against x°. Give an example of the values
of hand k.
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8. Each of the following diagrams shows part of a straight line graph. Express y in terms of x.

® %

px

[9) I

0 hE
(©) (d)
x -1; ¥y
li y 4
30°
(2,9)
62) =43

0 P x 0 —P

9. The variables x and y are related such that when values of y - x* are plotted against In x,
a straight line is obtained. Given that the line passes through (1, 3) and (6, 8),

(i) expressyin terms of x,

(if) find the exact value of y when x = 4.

22
V7
obtained. It is given that y = 0.25 when x = -1 and that y = 1 when x = 3. Find the value of
ywhenx=9.

10. The variables x and y are such that when values of —= are plotted against % , a straight line is
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§

GDJectives (ih_ecikliit

oy ¢ -mmm ¢
. Find the unknown constants of a non-linear equation from the corresponding straight line graph

« Model and solve problems in the sciences and in the real world using non-linear equations and
their corresponding straight line graphs

9 and Worked Examples =

Non-linear equations and their corresponding straight line graphs can be used to model problems
in the sciences and in the real world.

WIOIR [KIE D]
(EIXTAMIP (L] Solving problems involving the line of best fit

The table shows experimental values of two variables, x and y, which are connected by an equation
of the form yx" = a, where a and b are constants.

10 15 20
505 [ 3710 | 220

(i) Usinga scale of 1 cm to 0.1 unit on each axis, plot lg y against Ig x and draw a straight line graph.

(i) Use your graph to estimate the value of a and of b.

(S[OILIUIT I OIN]

(i) Construct a table of values of g xand g y.

X=lgx | 0.69 1 1176 | 1301
Y=lgy | 1064 | 0703 | 0491 | 0342
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(ii) yxt=a
lgyxt=lga
lgy+blgx=I1ga
lgy=-blgx+lga &—————— Rearrange the equation into the form Y= mX + c.
From the graph, lg y-intercept = 1.9.

lga=19
a=10"
=79 (to 2 s.f.)
Using points (0, 1.9) and (1.2, 0.46),
gradient = %
=-1.2
-b=-12
b=1.2
s.a=79b=1.2

oooll s gedasss
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\ V.

WIOIR K& ID
[EXCAIMIPIL Applying the Linear Law in the sciences

Focal length of a lens. In a science laboratory, a student is performing an experiment to determine
the focal length, f mm, of a lens. He places an object at a distance, # mm, from the lens and records
the distance, v mm, at which the image is seen on the other side of the lens. The table shows the

results he obtains.

60 80 | 100 | 120
65 43 39 37

It is known that u, v and fare related by the equation %+% = L Itis believed that an error was

f

. 1 . 3
(i) Plot + against % for the given data and draw a straight line graph.

made in recording one of the values of v.

(ii) Use your graph to determine which value of v in the table above is the incorrect reading and
estimate its correct value.

(iii) Estimate the focal length of the lens.

(SIOILJUIT[1[O]N]
(i) Construct a table of values of % and L .
£ v
x- 1 |
—; 0.025 | 0.0167 0.0125i 0.01 0.0083
y=1 | |
L > 0.0108 { 0.0154 : 0.0233 | 0.0256 | 0.0270

237 I Additional Mathematics



Additional Mathematics | Secondary 3 /4E

(i) From the graph, v = 65 is the incorrect reading.
Since % =0.019, then v =53 (to 2 s.f.)

.. The correct value is v = 53.
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L e |
(iif) =+ v~ 7
% = —%+% &——— Rearrange the equation into the form Y = mX + c.
From the graph, % -intercept = 0.035.
1
= =0.035
£

f=29(to2s.f)
.". The focal length of the lens is about 29 mm.

oool . cigestadee
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NAME: T , __CLASS:  DATE:

1. The table shows experimental values of two variables, x and y, which are related by the

equation y = ax® + bx, where a and b are constants.
N 2 | 5 [ 7 [ 9 ]
39 | 115 | 231 | 387 |

(i) Plot -i— against x and draw a straight line graph.

(i) Use your graph to estimate the value of @ and of b.

2. The table shows experimental values of two variables, x and y, which are related by the
equation y = ax”, where a and b are constants,

- BE 10 15 | 20

o

7 | 298 | 843 | 1549 | 2385

(i) Express this equation in a form suitable for drawing a straight line graph.
(i) Draw this graph and use it to estimate the value of a and of b.

(iii) Use the graph in part (i) to solve the equation ax’ = x2

3. Radioactivity of a compound. Recorded values of the mass, m grams, of a radioactive
substance, ¢ hours after observations began, are shown in the table below.

m(grams) | 614 | 503 | 412 | 337
t (hours) | 10 20 30 40

It is known that m and ¢ are related by the equation m = mye™, where m_and k are constants.
(i) Plotlnm against t and draw a straight line graph.

Use your graph to estimate

(ii) the mass of the substance when the observations began,

(iii) the value of k,

(iv) the time taken for the substance to lose half of its original mass.
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4. Focal length of a lens. In the end-of-year Physics practical examination, students are required
to find the focal length, fcm, of an optical lens. Leo measures the object distance, u cm, and the
corresponding image distance, v cm, and records the results in the table below.

o [ % [ &
v | 30 24 | 21 20

It is known that u, v and fare related by the equation %+l = % . Leo claims that an error was

v
made in recording one of the values of v.

(i) Plot % against i- and hence identify the value of v in the table above that is the incorrect

reading.
(ii) Draw the straight line graph and use it to estimate a value of v to replace the incorrect
value of v found in part (i).

(iii) Estimate the value of f.

242 I Additional Mathematics



Additional Mathematics | Secondary 3 /4E

NAME: I CLASS: __ DATE:
@_‘
,—-;7% Quick Test 8 [Total marks: 15]
! T
+ 69
0 I
The diagram shows part of a straight line graph drawn to represent the equation y = - ﬁ{_ =

where a and b are constants. Given that the line passes through the point (3, 8) and has
gradient —%, find the value of a and of b. [4]

2. Speed of a toy truck. The speed, v cm/s, of a toy truck, ¢ s after passing a fixed point O, can be

modelled by the equation v= pe? -8, where p and q are constants. The table below shows
corresponding values of f and v.

t 2 4 6 8
v 30 24 19 15

(i) Using a scale of 1 cm to 1 unit on the t-axis and 10 cm to 1 unit on the In (v + 8)-axis,

draw the graph of In (v + 8) plotted against . [3]
(ii) Use the graph to estimate the value of each of the constants p and g. [5]
(iii) State the speed of the toy truck at O. [1]

(iv) Explain how the graph could be used to find the value of # when the speed of the toy truck
-is 22 cm/s. (1]

(v) Using your values of p and g, calculate the value of f when the toy truck comes to rest. [1]
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