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Figure 3

 The value of a rare painting, £V, is modelled by the equation V = pqt, where p and q are 
constants and t is the number of years since the value of the painting was first recorded 

 The line l shown in Figure 3 illustrates the linear relationship between t and log10V since 

 The equation of line l is log10V t

 (a) Find, to 4 significant figures, the value of p and the value of q.
(4)

 (b) With reference to the model interpret 

  (i) the value of the constant p,

  (ii) the value of the constant q.
(2)

 (c) Find the value of the painting, as predicted by the model, on 1st January 2010, giving 
your answer to the nearest hundred thousand pounds.

(2)
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����7KH�YDOXH�RI�D�FDU���V��FDQ�EH�PRGHOOHG�E\�WKH�HTXDWLRQ

V� �������H±�����t����������������t���\���t�.��

� ZKHUH�WKH�DJH�RI�WKH�FDU�LV�t�\HDUV�

� 8VLQJ�WKH�PRGHO�

� �D�� ILQG�WKH�LQLWLDO�YDOXH�RI�WKH�FDU�
���

� *LYHQ�WKH�PRGHO�SUHGLFWV�WKDW�WKH�YDOXH�RI�WKH�FDU�LV�GHFUHDVLQJ�DW�D�UDWH�RI������SHU�\HDU�
DW�WKH�LQVWDQW�ZKHQ�t� �T�

� �E�� �L�� VKRZ�WKDW

����H±�����T� ����

� � �LL�� +HQFH�ILQG�WKH�DJH�RI�WKH�FDU�DW�WKLV�LQVWDQW��JLYLQJ�\RXU�DQVZHU�LQ�\HDUV�DQG�
PRQWKV�WR�WKH�QHDUHVW�PRQWK�

� � � �Solutions based entirely on graphical or numerical methods are not acceptable��
���

� 7KH�PRGHO�SUHGLFWV�WKDW�WKH�YDOXH�RI�WKH�FDU�DSSURDFKHV��EXW�GRHV�QRW�IDOO�EHORZ���A�

� �F�� 6WDWH�WKH�YDOXH�RI�A�
���

� �G��6WDWH�D�OLPLWDWLRQ�RI�WKLV�PRGHO�
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11.	The owners of a nature reserve decided to increase the area of the reserve covered by trees.

	 Tree planting started on 1st January 2005.

	 The area of the nature reserve covered by trees, A km2, is modelled by the equation

A = 80 – 45ect

	 where c is a constant and t is the number of years after 1st January 2005.

	 Using the model,

	 (a)	 find the area of the nature reserve that was covered by trees just before tree planting 
started.

(1)

	 On 1st January 2019 an area of 60 km2 of the nature reserve was covered by trees.

	 (b)	Use this information to find a complete equation for the model, giving your value 
of c to 3 significant figures.

(4)

	 On 1st January 2020, the owners of the nature reserve announced a long-term plan to 
have 100 km2 of the nature reserve covered by trees.

	 (c)	 State a reason why the model is not appropriate for this plan.
(1)
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Question 11 continued
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(Total for Question 11 is 6 marks)
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MM-s-er-E-qqpq.it
.

hg "a. ⇒ ÷:÷÷÷

" " """n.i.i.in . ""

MMMMMU = 16000 - 1750×3 = 10,750 barrels

aii) • V= 16000 - 1750T What happens when t= to ?

= "
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<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

b ;) Y= Aekt ⇒ ✓ = Aekt 1 e.0=1

-1=4
,
V= 9000 =) 9000=16000e

" "
l %%- = ÷

=) eh" = 9116

gqµ.
" "⇐ µBegg.÷☒TT••

⇒ v. •
"""""

' Ygbii) ✓ = 16000@
4- In (9/16)×3

✓ = 10392 . . - - .

Him b.
_@___t-_fg@-_£_
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!"#!"#!$!%&#'(&))*+!*,-*(./*#'0!'1*!#2/3*(!&4!/.%(&3*50!!0!-(*5*#'!.#!$!%2)'2(*!"!+$65!$4'*(!
'1*!5'$('!&4!'1*!*,-*(./*#'!7*(*!%&2#'*+8

! !!$#+!"!$(*!*,-*%'*+!'&!5$'.546!$!(*)$'.&#51.-!&4!'1*!4&(/!

!!9!#"$0! ! ! ! 71*(*!#!$#+!$!$(*!%&#5'$#'5

! :$;! <1&7!'1$'!'1.5!(*)$'.&#51.-!%$#!3*!*,-(*55*+!.#!'1*!4&(/

)&=>?!!9!% )&=>?"!@!&

! ! =.A.#=!%!$#+!&!.#!'*(/5!&4!'1*!%&#5'$#'5!#!$#+B&(!$8
$"%

)&=>?!

)&=>?"?

!&

?8C

!&

?8D

!&

?8E

!&

?8F

!&

>8?

!&

C8G!&

C8?!&

>8G!&

>8?!&

?8G!&

?!&

H8?!&

H8G!&

D8?!&

D8G!&

G8?!&

>8C

!&

>8D

!&

'()*+,-.

! I.=2(*!H!51&75!'1*!).#*!&4!3*5'!4.'!4&(!A$)2*5!&4!)&=>?!!-)&''*+!$=$.#5'!A$)2*5!&4!)&=>?"

! :3;!J5*!'1*!.#4&(/$'.&#!-(&A.+*+!'&!*5'./$'*!'1*!#2/3*(!&4!/.%(&3*5!-(*5*#'!.#!'1*!
%2)'2(*!H!+$65!$4'*(!'1*!5'$('!&4!'1*!*,-*(./*#'8

$/%

! :%;! K,-)$.#!716!'1*!.#4&(/$'.&#!-(&A.+*+!%&2)+!#&'!(*).$3)6!3*!25*+!'&!*5'./$'*!'1*!+$6!
71*#!'1*!#2/3*(!&4!/.%(&3*5!.#!'1*!%2)'2(*!4.(5'!*,%**+5!>!???!???8

$"%

! :+;!L.'1!(*4*(*#%*!'&!'1*!/&+*)0!.#'*(-(*'!'1*!A$)2*!&4!'1*!%&#5'$#'!#8
$!%
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tMBfqqqg""""""o•
"

↳
g.
µ ,

lookin)= Magia ,

= logic (a) + logic I

= logo (a) + blog.olt)
⇒ logion ) = mlogiolt ) -1 C where m=b and = logia /a) I

b) logion = mlog.at + C
N = atb- 1- =3 C : Y - intercept =3 C = 1.7

C = logic (a) =) a = 101-7=50.12 =) a = 50.12 I

m=¥g = YE = 2.46 1

=) b = 2.46

=) N = 50.12/ 3)
" "6=747.7

. . .

N = 1000000 =) logan , = log, ,@ooo,, =
?

robes '

675.0
, which is outwith the data shown on

the graph , which means that we can't extrapolate

my.. ....
.. . .. ..

MMMM
that the model still holds . I

let 1- = I =) N = a lbµµ. ÷!÷
, m.w.es .. a. *e. * * * µ. µtexperiment

"___A@-B___---I--£

PhysicsAndMathsTutor.com
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!"  7he Pass, ! JraPs, of a radioactive suEstance, " \ears after first EeinJ oEserved, is 
Podelled E\ the eTuation

!!= 25e±���5"

  $ccordinJ to the Podel,

  (a)  find the Pass of the radioactive suEstance si[ Ponths after it Zas first oEserved,
#$%

  (E)  shoZ that  d
d
!
"
 = #!, Zhere # is a constant to Ee found�

#$%

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

#&'()*+,'-+./01(2'3+!+21+4+5)-61%
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!"  &oPSlete the taEle EeloZ�  7he first one has Eeen done for \ou�

  )or each statePent \ou Pust state if it is alZa\s true, soPetiPes true or never true, 
JivinJ a reason in each case�

!"#"$%$&" $lZa\s 
7rue

6oPetiPes  
7rue

1ever 
7rue 5eason

7he Tuadratic eTuation
!"2'('#"'('$ = �,    (!'¹ �)
has 2 real roots� 9

,t onl\ has 2 real roots Zhen'
#2 ± �!$'> ��
)*$&'#2 ± �!$'= � it has � real 
root and Zhen #2 ± �!$'< � it has 
� real roots�

(i)

:hen a real value of " is 
suEstituted into
"2 ± �" + �� the result is 
Sositive�

#$%
(ii)

,f !"'>'#'"*$&' " >

#$%
(iii)

7he difference EetZeen 
consecutive sTuare 
nuPEers is odd�

#$%

#&'()*+,'-+./01(2'3+!+21+!+4)-51%

"& !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

AÉÉ•FÉ÷÷÷÷÷É÷÷÷÷:÷÷÷FF?MB↳qµµ•gg?
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12. The value, £V, of a vintage car t years after it was first valued on 1st January 2001, is 
modelled by the equation

V = Ap t    where A and p are constants

 Given that the value of the car was £32 000 on 1st January 2005 and £50 000 on 1st January 2012

 (a) (i) find p to 4 decimal places,

  (ii) show that A is approximately 24 800
(4)

 (b) With reference to the model, interpret

  (i) the value of the constant A, 

  (ii) the value of the constant p. 
(2)

 Using the model,

 (c) find the year during which the value of the car first exceeds £100 000
(4)
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_____________________________________________________________________________________
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Question 12 continued
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Question 12 continued
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Question 12 continued
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(Total for Question 12 is 10 marks)
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7. In a simple model, the value, £V, of a car depends on its age, t, in years.

 The following information is available for car A

  Ɣ its value when new is £20 000
  Ɣ its value after one year is £16 000

 (a) Use an exponential model to form, for car A, a possible equation linking V with t.
(4)

 The value of car A is monitored over a 10-year period.
 Its value after 10 years is £2 000 

 (b) Evaluate the reliability of your model in light of this information. 
(2)

 The following information is available for car B 

  Ɣ it has the same value, when new, as car A
  Ɣ its value depreciates more slowly than that of car A

 (c) Explain how you would adapt the equation found in (a) so that it could be used to 
model the value of car B.

(1)
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Question 7 continued
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9. A research engineer is testing the effectiveness of the braking system of a car when it is 
driven in wet conditions.

 The engineer measures and records the braking distance, d metres, when the brakes are 
applied from a speed of  V ௘km hí1 .

 Graphs of d against V and  log10 d  against  log10 V  were plotted. 

 The results are shown below together with a data point from each graph.

 

d

(30, 20)

O V  

O

log10 d

(0, í1.77)

log10 V

 Figure 5 Figure 6

 (a) Explain how Figure 6 would lead the engineer to believe that the braking distance 
should be modelled by the formula 

d = kV n    where k and n are constants 

  with  k | 0.017
(3)

 Using the information given in Figure 5, with  k = 0.017

 (b) find a complete equation for the model giving the value of n to 3 significant figures.
(3)

 Sean is driving this car at 60 km hí1 in wet conditions when he notices a large puddle in 
the road 100 m ahead.  It takes him 0.8 seconds to react before applying the brakes.

 (c) Use your formula to find out if Sean will be able to stop before reaching the puddle.
(3)
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Question 9 continued
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  

8.	 A scientist is studying the growth of two different populations of bacteria.

	 The number of bacteria, N, in the first population is modelled by the equation

N = Aekt      t  0

	 where A and k are positive constants and t is the time in hours from the start of the study.

	 Given that
•	 there were 1000 bacteria in this population at the start of the study
•	 it took exactly 5 hours from the start of the study for this population to double

	 (a)	 find a complete equation for the model.
(4)

	 (b)	Hence find the rate of increase in the number of bacteria in this population exactly 
8 hours from the start of the study. Give your answer to 2 significant figures.

(2)

	 The number of bacteria, M, in the second population is modelled by the equation

M = 500e1.4kt      t  0

	 where k has the value found in part (a) and t is the time in hours from the start of the study.

	 Given that T hours after the start of the study, the number of bacteria in the two different 
populations was the same,

	 (c)	 find the value of T.
(3)
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

Question 8 continued
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