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(0,5) /

Figure 2 v

A town’s population, £, is modelled by the equation P = ab’, where a and b are constants
and ¢ is the number of years since the population was first recorded.

The line / shown in Figure 2 illustrates the linear relationship between ¢ and log, P for
the population over a period of 100 years.

_ , o1
The line / mects the vertical axis at (0, 5) as shown. The gradicent of / is 2_06 .
(a) Write down an equation for /.

(b) Find the value of ¢ and the value of b.

(c) With reference to the model interpret
(i) the value of the constant q,

(ii) the value of the constant b.

(d) Find

(1) the population predicted by the model when ¢ = 100, giving your answer to the
nearest hundred thousand,

(i) the number of years it takes the population to reach 200 000, according to the model.

{3

(e) State two reasons why this may not be a realistic population model.
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Questmn * continued

@ g=meie 9 109,,@ = mt +C_

leg,,P=_1 « +5
200

(0 As P oMk, then log, P- g, (abt)
169, P = 109,604 l0g,, bt
B o o 'Oﬂ,op = 'Og;aq,-F ‘HOQ'Q\O
logo a=5 and leg,l= ,L

00
a= 105 , b= IO( IZoo>

o= 100,000 and o= ). OWN6 cqsf);
(C) () o s +4he initial popolation |

(i) b is +he proportienal increase of
population coch year |

@ P= (00.000) (1. 016 ")

= 316,227.266  =200,000 (nearart |
hondred tound

£ () 200i000= (100,000) (1.011€*)
| 2= ).0n6x

b 1030y @ Piytodgs

(6) * The model predickS that Sm"’ﬂ' evec ctops.

o (OO \’QQ('S N4 Eoo FO( Q‘«)Q_'j (Total for Question  is 13 marks)
_to_ Predick eopulotions:t
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log, Vv

Figure 3

The value of a rare painting, £V, is modelled by the equation V = pq', where p and q are
constants and t is the number of years since the value of the painting was first recorded
on 1st January 1980.

The line | shown in Figure 3 illustrates the linear relationship between t and log, V since
Ist January 1980.

The equation of line | is log, V = 0.05t + 4.8

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

(b) With reference to the model interpret
(i) the value of the constant p,

(i1) the value of the constant g.

(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.

o) p 104.8 c{;loo'os

= 6301% 1 - 1.1220'8
2 63100 1022

b1) value of painting on 15t Jamnary 1980
i) The proportional incvease of the value each year

¢) 2010-1980 = 30
10g 5V = 0.05(30) + 4.8

vz 1053
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. The value of a car, £V, can be modelled by the equation

V'=15700e ">+ 2300 teR, t20

where the age of the car is ¢ years.

Using the model,
(a) find the initial value of the car.
1)
Given the model predicts that the value of the car is decreasing at a rate of £500 per year
at the instant when ¢ =T,
(b) (1) show that
3925 7= 1500
(11) Hence find the age of the car at this instant, giving your answer in years and
months to the nearest month.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
(6)
The model predicts that the value of the car approaches, but does not fall below, £4.
(c) State the value of 4.
1)
(d) State a limitation of this model.
1)

o) t=o.: V= |S300¢e 4+ 1160
U’tgoooj

bs Ok t""Tl _é_\i = - So6o0
e

~0- 28t

dV = (—0-25)15700¢€
b ~6-1St

= -34725¢ "

P 5 8 3 5 1 A 0 3 6 4 4
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Question  continued

~02S1

ok =T ¢ -3¢ = -SOD
@ -0-2ST
=> 30\ZSQ = SO0Q
7
W) ™' = seo < 20
RALS IS
-6-25T
<= (V\ Q/ ] = Y\E‘S?
- 0-25T = (n E[%%,J
267
T = = Win —GE"J

Y = RH ‘3eo\fi
(/ z

t% caeArJ'/ 2 moavhe j
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Question  continued /ﬁ[
Nesey \

e — —

d) For large values of € +he car
1S huely to be Leorehh  lkess
Yo £2300 eventually .

P 5 8 3 5 1 A 0 3 8 4 4
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4. The temperature, 0°C, of a cup of tea ¢ minutes after it was placed on a table in a room,

is modelled by the equation

t

0=18+65¢ 8 t>0

Find, according to the model,

(a) the temperature of the cup of tea when it was placed on the table,

(1

(b) the value of ¢, to one decimal place, when the temperature of the cup of tea was 35°C.

(©)

(c) Explain why, according to this model, the temperature of the cup of tea could not fall
to 15°C.

1)
M A
(0, 94)

(8, 50)

Figure 2

The temperature, 1 °C, of a second cup of tea  minutes after it was placed on a table in a
different room, is modelled by the equation

ﬂ=A+Béé t>0
where 4 and B are constants.
Figure 2 shows a sketch of u against # with two data points that lie on the curve.
The line /, also shown on Figure 2, is the asymptote to the curve.
Using the equation of this model and the information given in Figure 2

(d) find an equation for the asymptote /.

a) placed on toble @ t= 0 : O= [+ b5e’
femperature = %300

Q)

P 6 2 6 4 5 R A 0 1 6 4 0
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Question continued
t

o) G=35 = [Gtb5e
-t
= bSef = |7

> o %=1}

b5
take. |n of both SidCS"L=lh(ﬁ)
3 b5

t=-8In(;t]
= (0729
=107 (ldp-)
Cc)as t=>o0, e-%-*o from above so G- (8" com above.
hence, the MiniMum temperatire (18%) is > 5%
o) m=ArBe t
given points (0,q%) & (8,50): A= frr gfza A+8=9% O

50=A+B% = A+Re'=50
©0-@: -50=B(-¢"')

= B(1-¢ )
tte= R(e-1)

B= _YYe
e- 1)

RN 0 O RO A —
P 6 2 6 4 5 R A 01 7 4 0

Turn over
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Question ~ continued

A+B=qk = A= q4- Eﬂ{_gla)_

= Qe - e - 9%
€-1

-t
as £ >0, be ®* >0 so asymptote given by

A= 50e-A (1)
e-|

_—

P 6 2 6 4 5 R A 0 1 8 4 0
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5. An advertising agency is monitoring the number of views of an online advert.

The equation
log,, V'=0.072¢t+2.379 1<t<30,te N

is used to model the total number of views of the advert, ¥, in the first # days after the
advert went live.

(a) Show that ¥/ = ab’ where a and b are constants to be found.

Give the value of a to the nearest whole number and give the value of b to
3 significant figures.

4)

(b) Interpret, with reference to the model, the value of ab.

(1)
Using this model, calculate

(c) the total number of views of the advert in the first 20 days after the advert went live.
Give your answer to 2 significant figures.

(2)
a) log V= 00?’2“303;11?13”
raise both sides: V=10
=10

o= lDz-?ﬁq 2 b= IDO 032
by Calculator, nearest whole value:0=239, b= 113 Bs¢)
= \/=239x|-18°
b) we get V=0lb when t=1:V=0b'. Hus, the value of
0b is the total number of Views of the ad- | doy after
It went live
c)t=20° V=239x|(§*°

= bSL5. ..
P 6 2 6 4 5 R A 0 3 2 4 0

(base =10)

D:032t 2-:334
¥ [0
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| Question continued
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6.

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 km?, is modelled by the equation
A =80 — 45
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 km?” of the nature reserve was covered by trees.

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

(4)

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

(c) State a reason why the model is not appropriate for this plan.

1)

(o) Let t=0

v

A= go-y5 "

80 - 45 ¢°

\

80 - 495

\l

fl

36 ltml* ()
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Question . continued
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7. A company plans to extract oil from an oil field.

The daily volume of oil ¥, measured in barrels that the company will extract from this
oil field depends upon the time, ¢ years, after the start of drilling.

The company decides to use a model to estimate the daily volume of oil that will be
extracted. The model includes the following assumptions:

* The initial daily volume of oil extracted from the oil field will be 16000 barrels.
» The daily volume of oil that will be extracted exactly 4 years after the start of drilling
will be 9000 barrels.

* The daily volume of oil extracted will decrease over time.

The diagram below shows the graphs of two possible models.

VA VA

(0, 16000) (0, 16000)

(4, 9000) (4, 9000)

Model 4 Model B

(a) (1) Use model A4 to estimate the daily volume of oil that will be extracted exactly
3 years after the start of drilling.

(i1)) Write down a limitation of using model 4.

(b) (i) Using an exponential model and the information given in the question, find a
possible equation for model B.

(i) Using your answer to (b)(i) estimate the daily volume of oil that will be extracted
exactly 3 years after the start of drilling.

o.‘.) m= Jooo- 6000 . -17S0 =2 Y= l|600c0o -1F50x
h-o V: 1600o - 17504
\ = leooo - [350 =3 = 10, 750 bavrels

O

0;:) * /= |6000 - 17Sot  \Wwhob h“?ﬂﬂ\s when ¢= lo ?
V= 1ooo - |#5o %10 = ~ I60s =) This 5 impossille as V>o.
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Question continued

bi) Y= Re® =2 V= At O

k=0, Vzl6ooo =) [6o00 = Ae‘“o =? lGaoi: A
t=4,V= 9000 =) 9000 = l6oooe @
= "= e
= hik= In(v6)
> K= ) ©
' (ne)t
=) V= lGoooen’l“ ) ®
Lin Mig) w3
bi) U= lGOooe“ln te)
V= 10392...
V= |0,4o00 basrls
(Total for Question

16000

is 7 marks)
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In a controlled experiment, the number of microbes, N, present in a culture 7" days after
the start of the experiment were counted.

N and T are expected to satisfy a relationship of the form
N=aT?, where a and b are constants
(a) Show that this relationship can be expressed in the form
log, ,N=mlog T+c

giving m and c in terms of the constants a and/or b.

log,,N
5.0 -

4.5 -
4.0 -
3.5 1
3.0 -
2.5
2.0 -
1.5 -
1.0 -

0.5

0 T T T T T T l‘l T
0 02 04 06 08 10 12 1.4 °8o

Figure 3
Figure 3 shows the line of best fit for values of log, N plotted against values of log T

(b) Use the information provided to estimate the number of microbes present in the
culture 3 days after the start of the experiment.

(c) Explain why the information provided could not reliably be used to estimate the day
when the number of microbes in the culture first exceeds 1000 000.

(d) With reference to the model, interpret the value of the constant a.
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O.) N = QTb (03 (oJo) = (.%(o.)a—loa(b)
L°3 (@™) = miog (@)
Logu(N) = loge (aT®)
= l%lg (0) + (OSlo(Tb) @
: loge(a) + blog,(T)
=2 logw(n) = mloy(T) + where m=b and C=logiw(a) ©

b) lOsmN = m|°3\oT +C
N=aT?  T=3 C : Y-intercept => C = 1.7
Celog.(e) =) a=0"" =542 =a=502 ©

m:= BY = b-5-1.8 - aue @
AKX 1.2 ~0.l

=) b = Q-"G
1.k6
) N= §0.12(3) ~ = FHE 7.
= 350 micrebes (D

—

C) N = losooco =) )Oalo(N) = lbalo (1000090) = i @

67250, wheh 5 owlwith e doda  Shown on

e Yragh, whith means tat we @it exitapolale
the  doka / gragh , Meaning fhat wo oant aswmb
thal te moded sHl holds. ©

d) N = aTb

bt T=1 =9 N=al®
=2 N=o

=) @ is Hie number of microbts one doy offy He St of e
X priiment
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The mass, m grams, of a radioactive substance, ¢ years after first being observed, is
modelled by the equation

m = 2500
According to the model,
(a) find the mass of the radioactive substance six months after it was first observed,

(b) show that Ccli_m = km, where k is a constant to be found.
t

N) 6 months = 0-S U:ors
@ 05 - @)

- 0-O8s»*0O-D
M=z 25e

P z*—«-.t-u-j css.F') -©

b) :c,“”:‘c
jij- we™
ax
-o.0St
o\m:-o-os)<2.5c°o —@
at

=z - 0-OS"™M

S Kz -0-05 ’@
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10. The value, £V, of a vintage car ¢ years after it was first valued on Ist January 2001, is

modelled by the equation

V= Ap! where A4 and p are constants
Given that the value of the car was £32000 on 1st January 2005 and £50000 on 1st January 2012
(a) (1) find p to 4 decimal places,

(i1) show that 4 is approximately 24 800

“4)
(b) With reference to the model, interpret
(1) the value of the constant 4,
(i1) the value of the constant p.
| PR
Using the model, ﬁ

(c) find the year during which the value of the car first exceeds £100000
C))

‘' SIHL NI ZLIIMLON Od
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G —y 3PAoos - AP
|

(. =) S00=0=AP
AR . §Q.ox
A P* 0L, 00O
P} - S$9O,000
32, 000
p=1 O Sp-1.0s8S
3L
Y
V= APS =) 31,000 -KAx (). O6S&)

A = 3Lo0D 2_(_‘"‘\'?%}3.-_
l.o6SE™

24,1940 bo 2 S is &0

AR AL, 500 «eolu.feok./
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Question  continued

b)

A - 24, 860 p=106S¥
) @& o, V= Ap® =)3v=A

A s Me value o S\ o
200\

Yises eo«b\

V= F\Pe

on \” \)CJV\LLGVS

i) p iy JUNY W \\3 aieW N value  WeOses/
C)

[ZITI VN 3&4 -

Ahe vatue cises L:) 6.6 %
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Question  continued

) o Jind  iken V= £100, 000

f‘”/t

Vo= AL, 800 x 1.0ksE
LG, £0Q x1.06S&° - |00, a0

L0658} = 100,000~

|
( /z_u,émo
> _ kb

(o X = |Oja b
€ - |03 (lool 00o )/
(1.06s58) 10, goo

€ = 1[.28’3:0&./
’ﬂ\e Ucw JN value of o e

€xceeds flQO,000 1y AOLL S

(Total for Question is 10 marks)
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11. In a simple model, the value, £V, of a car depends on its age, ¢, in years.

The following information is available for car 4
g0
e its value when new is £20000 2
e its value after one year is £16000 =~ { =

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

4)
The value of car 4 is monitored over a 10-year period.
Its value after 10 years is £2000
(b) Evaluate the reliability of your model in light of this information.

(2)

The following information is available for car B

e it has the same value, when new, as car 4
e its value depreciates more slowly than that of car 4

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

NN Aeht v g@mml&cpormbaal Modled )

hen Cor s aeo: 70000 = A% @
20000 = A(1) .+ A=20000

V = 200008"*

Kier o yeor . 16000 200208
16000 = 20020¢® (1)
Q =

(A}

L

S
R. (.4
he s h=
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_ 0. )
5 v-20000¢ 230
-£21so @)

Ackuod whue § Cor A afber 10 yeos s A2000
FUSO ¥ L2000 & Ow moded & reloble (1)

Q) V- A
NCA volue wodd be e
Scwnébrwrrssim
Cor Atnd R hawe 0M¢
\Volue when .\ We hoae 6o ad\uﬂ: ‘i’ value

Make “-0.223" (be'KR valie) o5 W @
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12. 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'kmh™.

Graphs of d against V' and log d against log V' were plotted.

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

log,,d 4
d A
>
(30, 20) ) log,, V
(0, —1.77)
>
0 4
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=kr" where k and » 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 » to 3 significant figures.
3)

Sean is driving this car at 60kmh™" 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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lt‘"&
Q) d s ‘(V“ ) kK = o.01% ® (03 laws
‘03(ub) =(.05 (o) + log(b)

! loa..V ™) -

« eV, [os(q, ) = mloa(n)
103..(4) : (05.. (KV")

< lo3'°(K) * £°5-0(V”)

loga () = loge(K) + Nloga v Kz 0.0 , (og, (0-0) = -1.7695.. ©

2D log, (d) = logu (0-017) + nlog,V
22 loge ()= hlog, V-1.33 @ =) The linas nodue omd y-inkweept i,
J = mx +c e Rquadion Madching thot sf Fam
6 s us that bukzua distant®  can
be  modetled by ol:kv”, ®

—

b)
d=003V" a4
for (30,20) 2> 30 = 0.007-30" ()
=) 30" = O (OS(Q")‘Mloa(a)
0.0\3}
. ") - 20 (30, 20)
> |°3'° (30") 103..(0.0‘1)
=) n"°3lo(30)"' I%w(mﬁmcﬂ) ¢ v
Figure 5
- 20 -
9 Nn= 103,,( om) = 2.073%...
log..(30)
=) N=Q.0% @  d- O-Ol?'VLov O
2.0%
¢) d=0.017.V Distone : befor + oftev breaks 03s5: O3 v
Bofon brakes: d.= Speed wbime = 60~ _O3 - O.033..km 3600
=>d, = 13.3'» @ 3600
dy = 0.0 0" @
da = BL.9m <) fbk distanct = 4.9+ 18.3 = 95.3m =) Sean ShopsD

wn Lime.
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A new smartphone was released by a company.

The company monitored the total number of phones sold, #n, at time ¢ days after the
phone was released.

The company observed that, during this time,
the rate of increase of n was proportional to n

Use this information to write down a suitable equation for » in terms of 7.

(You do not need to evaluate any unknown constants in your equation.)

(2)
n-= AQ.H' @ A and K an ooth posi#w Constants.

'\WQ wond on  equsdion which s b do With exponadml GrHh.
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14. A quantity of ethanol was heated until it reached boiling point.

The temperature of the ethanol, #°C, at time 7 seconds after heating began, is modelled

by the equation

0= A — Be 00

where A4 and B are positive constants.

Given that
e the initial temperature of the ethanol was 18°C
e after 10 seconds the temperature of the ethanol was 44°C

(a) find a complete equation for the model, giving the values of 4 and B
to 3 significant figures.

a) @ - A_Be:o.o?t

-0.0%-0 o
e

t=0,0=1% = |3=A-Be
13 =A-B ©

E=10, 0 =kh = Lk: A-BeT Q@

A = B + l% A: BQ-O‘? +‘-ll-0 =9 B+l% = BQ-O.? +L'L'
=) B-Be>?= 2C
=> B(l1-e°7) = 26

B=5I1.€ =) B-= 26 = S).eq%...

l_e-o.?

=) A=851.6+18 =696=A

e

> O: 69.6-51.6e%M"0

> B

“4)

§l.e ®

—
——
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Ethanol has a boiling point of approximately 78 °C

(b) Use this information to evaluate the model.

@
) O= 63.6-51.6¢°°"

/ﬂﬁ Maximum Jempudwe, Q.Ccorolinj s Hhe Model , i3 €a.6 °C. @
=) A Meded s ol oppopliote Sice 6T6°C IS much lower than F8°C.(D
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15. A scientist is studying the growth of two different populations of bacteria. §§§§§§§§§§
SRR
KL

The number of bacteria, N, in the first population is modelled by the equation e
N=Ae" t>0
where A and k are positive constants and t is the time in hours from the start of the study. 05—

Given that e
* there were 1000 bacteria in this population at the start of the study R

* it took exactly 5 hours from the start of the study for this population to double S

S
p202
AT

SR,

<

25

H S
o
o2

9%
2%

% Y
ete
258

(a) find a complete equation for the model.

S
o5’
=31
2
%

%
£
%
(4)
. . L . 383
(b) Hence find the rate of increase in the number of bacteria in this population exactly LK
3 . . QRELKY
8 hours from the start of the study. Give your answer to 2 significant figures. S
(2)
s
S
. - . . . 030%6%%%
The number of bacteria, M, in the second population is modelled by the equation 558
Bossisdeses
oY%

M =500e!t t>0
where Kk 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,

(¢) find the value of T.

(3)
[
(@) t =0, N=1000 . Jo00= Ae
oov= A (1)
S N= l()()(?e,"'t
t=5 , N=2000 © 2000 = :oooe"‘“) @
2= e .
b2 = 5k (U
le= In2
5
fIn2 Yy VAR
s N=1loooe 577 (!
II_:_L}\%(D ‘\=","i1
(» AN = |h2 % 1000 ¢ = J.OOInflKe?,
dt b
\ y,

AR ORI A mmr
p 6 8 7 3 1 A 0 2 2 5 2
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Question continued

(1n2) (%)

t=%8 : dN - 200lm2 xe °°

f

dt

]

42004

\

420 ( 2¢f) @

{An2 N o+
— } X |

© 500"

[ In2\
=) x

o n
= loooe = 5’7"

U

028 a2y T 5, CEMEXT
e

u

2

0-1% h’iliT

= 2

0-2lh2yT

08 In 2 XT
0-0% In = 2

7\

0~0€lnle

Ino (1)

1\

T

In2

0:0% In2

= 2.5

S T =125 hous ([
o

.

.

mm MR RN T O
P 6 8 7 3 1 A 0 2 3 5 2

Turn over »
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