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CHAPTER 7: LINEAR LAW

1 Variables x and y are related by the equation y = abx where a and b are constants. 

 

The table below shows corresponding values of x and y. 
 

x 1 2 3 4 5 6 

y 4.8 9.6 19.2 38.4 76.8 153.6 

 

(i) Draw the graph of lg y plotted against x, using a scale of 2 cm for 1 unit on the x -axis 
and 1 cm for 0.1 unit on the  lg y -axis. [3] 

 
 
 
 
 
 
 
 
 
 

(ii) Use the graph to estimate the value of a and of b. [3] 
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(iii) By adding a suitable straight line to your graph in part (i), estimate the solution to the 
 

 

equation   [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iv) The point (14, k ) lies on the graph of lg y against x , using the values of a and b that were 
found in part (ii), find the value of k . [1] 
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2 It is known that x and y are related by an equation y = abx + 4 , where a and b are constants. 
 

x 1 2 3 4 
y 10 16 28 52 

(i) Draw a straight line graph of lg( y − 4) against x, using a scale of 2 cm to 1 unit on the 
x-axis and 2 cm to 0.2 units on the lg( y − 4) -axis. [2] 
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(ii) Use your graph to estimate the value of a and of b. [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) Use your graph to estimate the value of x when  y = 33 . [2] 
 
 
 
 
 
 
 
 
 
 
 
 

(iv) On the same diagram, draw the line representing the equation      y − 4 = 102x and hence 

 

                     find the value of x for which 102x = abx . [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



  

    

Specialist in Secondary Science and Maths for 2000+ students 

 
 

3 (a) 
 
 
 
 
 
 
 
 
 
 
 
 

The diagram shows part of a straight line graph obtained by plotting ey−2 against 

(i) Given that the line passes through the points (1, 3) and (3,11) , express 

x2 . 

y in terms of x . [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) Explain clearly why the range of values of x for which the equation found in 

part (i) is not defined for  − 1 ≤ x ≤ 1 . [3] 
2 2 

 
 
 
 
 
 
 
 
 

  
 

 



  

    

Specialist in Secondary Science and Maths for 2000+ students 
 

(b) A new machine is used to measure the surface area of a solid, A cm2 with a length of x cm. 
It is known that A and x are related by the equation, A = px + qx2 , where 
p and q are constants. The table below shows corresponding values of A and x. One of the 
values of A is believed to be inaccurate. 

 

x (cm) 2 4 6 8 10 
A (cm2) 42 148 318 552 700 

(ii) Draw the graph of  A 
x 

plotted against x, using a scale of 1 cm for 1 unit on the 

x-axis and a scale of 1 cm for 5 units on the  A 
x 

axis. [3] 
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(iii) Use the graph to estimate the value of each of the constants p and q.
[3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iv) Identify the inaccurate value of A and suggest a reason why this may be 
inaccurate. 

[2] 
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4    The table below shows experimental values of two variables, x and y. 
 

x 1 2 3 4 5 

y 0.50 2.12 3.18 4.00 4.70 

 
 

It is known that x and y are related by the equation constants                                           

where a and b are constants

(i) Plot              against             and draw a straight line. [3] 
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(ii) Use your graph to estimate the value of each of the constants a and b.              [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) By drawing another straight line on the graph in part (i), solve the following 
simultaneous equations. [5] 
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5    (a) The variables x and y are related in such a way that when         is plotted 

 

against 1 , a straight line is obtained. The line passes through (2, 9) and 
x 

(5, 3).  Find an expression for y in terms of x. [4] 
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(b) The table shows 
experimental values of two variables, x and y. 

 

x 2 4 6 8 
y 8.48 5.99 4.90 4.24 

 

It is known that x and y are related by the equation xn y = k , where n and k 

are constants. Draw a suitable straight line graph to represent the above data 
and use it to estimate the values of n and k.
 
[6] 
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6 A bowl of liquid is heated to a high temperature. It subsequently cools in such a way that 

its temperature, T °C , is given by T = 15 + Ae−kt , where t minutes is the time of cooling 
and A and k are constants. The table below shows corresponding values of t and T. 

 

t 5 10 15 20 25 

T 58.8 40.3 29.6 23.4 19.9 

 
 

(i) Draw the graph of ln(T−15)   against t.                                                           [3] 
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(ii) Use the graph to estimate the value of each of the constants A and k. [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) State the initial temperature of the liquid. [1] 
 
 
 
 
 
 
 
 
 

(iv) Use the graph to estimate the time taken for the temperature of the liquid to drop to half 
of its original temperature.     [2] 
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ANSWERS 

1 Variables x and y are related by the equation y = abx  where a and b are constants. 
 

The table below shows values of x and y. 
 

x 1 2 3 4 5 6 

y 4.8 9.6 19.2 38.4 76.8 153.6 

 

(i) Draw the graph of lg y against x, using a scale of 2 cm for 1 unit on the x -axis and 
1 cm for 0.1 unit on the  lg y -axis. [3] 

 
 
 

x 1 2 3 4 5 6 
lg y 0.681 0.982 1.28 1.58 1.89 2.19 

 
 
 
 
 
 

(ii) Use the graph to estimate the value of a and of b. [3] 
 

y = abx 

lg y = lg abx 

lg y = lg a + lg bx 
lg y = lg a + x lg b 

 
From the graph, 
lg b = gradient 

= 2.20 − 0.38 
6 − 0 

=  
3 0 
91 

 

b = 10300 

= 2.01 (3 s.f) 
 

lg a = 0.38 

a = 100.38 

= 2.40 (3 s.f) 
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lg y 
 
 

2.2 × (6, 2.2) 
 
 
 

2.0 × 
 
 

1.8 
 
 
 

1.6 

 
 
 

lg y = 2 − x 
3 

 
lg y = lg a + x lg b 

× 
 
 
 

× 
 
 

1.4 
 

× 
1.2 

 
 
 

1.0 × 
 
 

0.8 
 

× 
0.6 

 
 
 

0.4 
(0, 0.38) 

 
 
0.2 

 
 
 
 

2.55 
× 

x 1 2 3 4 5 6 
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(iii) By adding a suitable straight line to your graph in part (i), estimate the solution to the 
2− x 

 

equation  abx = 10  3 . [2] 
 

abx = 10 
2− x 

3 

 

lg abx = lg10 
2− x 

3 

 

lg y = lg10 
2− x 

3 

 
= ( 2 − x ′∴ lg10 Ι 3   
    

 

Draw lg y = 2 − x 
3 

 
(Draw Y = 2 − X 

3 

 
 
which is a straight line) 

 

From the graph, x = 2.55 
 
 
 
 
 
 

(iv) The point (14, k ) lies on the graph of lg y against x , using the values of a and b that 
were found in part (ii), find the value of k . [1] 

 

lg y = 0.38 + 
91 x 

300 
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2 It is known that x and y are related by an equation, y = abx + 4 where a and b are constants. 
 

x 1 2 3 4 
y 10 16 28 52 

(i) Draw a straight line graph of lg( y − 4) against x, using a scale of 2 cm to 1 unit on the 
x-axis and 2 cm to 0.2 units on the lg( y − 4) -axis. [2] 

 

x 
y 

lg(y-4) 
lg(y − 4) 

 

 
 

1.6 

 
 
 
 
 

Y= 2x 

 
 
 
 
 

lg(y − x) = xlgb + lga 
 

 
 
 

1.4 ξ  
 
 
 

1.2 
 

x 

1.0 ξ 
 
 
 

0.8 ξ  
 
 
 

0.6 
 
 
 

 0.4 
 
 
 

0.2 

0 
  

1 2 3 4  5

1.68 1.38 1.08 0.778 
52 28 16 10 
4 3 2 1 

x 

1  8 
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(ii) Use your graph to estimate the value of a and of b. [5] 
y = abx  + 4 

y - 4 = abx 
lg (y-4)=lg(abx) 
 lg (y-4)=xlgb + lga 
Gradient = 1.68 −1.08 

4 − 2 
lgb = 0.3 

 b = 2.00 ( to 3 s.f.) 
vertical intercept =0.5 
lga = 0.5 
 a = 3.16 

 

(iii) Use your graph to estimate the value of x when  y = 33 . [2] 
 

When y = 33 , lg( y − 4) = lg 29 
≈ 1.462 or 1.46 

x = 3.25 
 

(iv) On the same diagram, draw the line representing the equation y − 4 = 102x and hence 

find the value of x for which 102x  = abx . [2] 
 

y − 4 = 102x 
∴ lg( y − 4) = 2x       is the equation of line representing  y – 4 = 102x. 
 

 
 
 
 
 
 
 
 
 
 
 

3  (a) (i) y = ln(4x2 −1) + 2 
 

(b) (ii) p = 5,   q = 8 (ii) Inaccurate A = 700 
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4(i)  
 

 
 
 
 
 
 
A1 (table) 

 
B2 (4 to 5 correct 
points for line of 
best fit ) 

 

4(ii) a = −2 
b = 2.5 

M1 , A1 
A1 

4(iii)   

 A1 

  
 
B1 (str line graph) 

  
 
A1 

  
A1 (correct x value) 

  
A1 (correct y value) 
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5  [4] 

(i)   

  
M1 

 M1 

  
M1 

  
A1 
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 (b) The table shows experimental values of two variables, x and y. 

 x 2 4 6 8 
y 8.48 5.99 4.90 4.24 

 
It is known that x and y are related by the equation xn y = k , where n and 
k are constants. Draw a suitable straight line graph to represent the 
above data and use it to estimate the values of n and k. [6] 

(ii) xn y = k 
lg y = −n lg x + lg k 

   
M1 

     
B1 

  
lg y 

   

 
 

   

   
 

lg y = −n lg x + lg k 

  
 
G1 – correct points 

    G1 – y-intercept 
    Deduct 1 mark for 
    labels 

    
lg x 

 

 lg k = 1.08 (1.06 −1.10)    

 k = 12.0 1.5 −12 6)    
A1 

 
−n = 1.00 − 0.6     

 0.15 − 0.95    
 = −0.500 

.−n = 0.500 (0.45 − 0.55) 
  

A1 

 
 
 
 
 
 
 
 

x 2 4 6 8 
y 8.48 5.99 4.90 4.24 

lg x 0.30
1 

0.60
2 

0.77
8 

0.90
3 

l   0 92
 

0
 

0 69
 

0 62
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6   A bowl of liquid is heated to a high temperature. It subsequently cools in such a way that 
its temperature, T °C , is given by T = 15 + Ae−kt , where t minutes is the time of cooling and A 
and k are constants. The table below shows corresponding values of t and T. 

 

t 5 10 15 20 25 

T 58.8 40.3 29.6 23.4 19.9 
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