1

Solve 3* = 13, giving your answer to 3 significant figures.

’L: I3

q
U

x = 2.33

2

Solve 2* =32

ZT =5

3

Solve the equation
2logs(x) —loga(5) =1

(/Dq 7& —(oclz =/

R

f\\ C
" \
\_/

. <

{ — >
2 -
g

2

”‘

2 o= o=t
[

7;1 = O

4

Solve the equation
logs(x) + logs(4) =2

Lajj L - L
37 = lLx
1 = 42




Express as a single logarithm to base a

2logu(x + 1) — logd(4)

(—ocla_(l'l'/)l - éo‘l@. 4
J / J

1.

\ ——

/LI*/ \
(_an ( - )
JT T

Giving your answers to 2 decimal places, solve the simultaneous equations

e¥=x+1
In(x-2)=2y-1
LVl,(I)L——?_> = gy -
ey —{
X — 2 =
~ -2 = €°7
e
4
e~ -2 = () =2« (2)
Cx — L = x +/{
exr — x = e +/
x(e -1\ = 2e~+|
e — |
- 3%.7715
z
e’ = 3.75 +t/
24 [~ - 75)
gy = 0.779
V)




7 Solve the equation
In(2x +5)=1
L=+ 6§ = &
xr = € —5
2
8 Given that y = logxx, find expressions in terms of y for
(a) logax?
(b) log:2x —
(c) logex B
* L Log L X
v,
)
~"/)‘—'—‘
b/ (og. X T l.oqll
{ J “ v
Loo‘ . Xt {
g v
g +
c/ log g = log, >
[ J J
loa B
T
= \oo) X
3
9
3




9 Solve the equation, giving your answers in exact form.

2e¢"+ 15¢7 =11

287 415 = Iie’

/
2e° - 1le? +15 =0
(@)

(\Qef—S)(ﬁﬂ— 3 )=

10 The population of a species of plant in a field is modelled using the formula P = 50e®
Where t is the number of weeks since the population was first recorded.

(a) Write down the number of the plants when the population was first recorded. 1)

(b) Find the rate of increase in the population 10 weeks after the population was first recorded. ()

(c) Find how many weeks it takes for the number of plants to exceed 300. @)

a 20
/
&

b/ Al = 5¢°

At

wher L= /0 /d._/i = 5€

aAc

c/ 200 = s0e”'"

0.1t

(n &6 = 6.)L

o \n 6 T ¢

kf/lﬂ.q - Ig NEZ AN




11 The decay of a radioactive substance is modelled using the formula N = 1000e™
Where N is the number of atoms after t years and £ is a positive constant.

(a) Write down the number of atoms when the substance started to decay. 1)

Given it takes 14.4 years for half of the substance to decay.

(b) Find the value of & to three significant figures. @)
(c) Calculate the number of atoms left when t=30. 1
a |0 OO0
7 2N

l
Q
G
o)
g\

500

S
(\')\

N— N\\-
I
b

¢/ N - JooO €
12 The temperature of water in a kettle is modelled using the formula T = 75¢* + 22
Where T is the temperature t minutes after the kettle is turned off and £ is a positive constant.
(a) Find the rate of change of the temperature in terms of & (2)
After 5 minutes the temperature of the water is 70°C
(b) Find the value of & 3
(c) Find how many minutes it takes for the water to cool to 55°C () M —
- K
af 4T = -T5k¢€

dE

b/

Sw _o.0%93¢&

0 = 75e" t+ L c/ 55 -75e +22

N

/
e = ,-Sk —0-0¥T3 €
25 c
(3%) ~
S N
AL = - ¥13 &
= 0.0893 (A 25 c.0

¢ -~ 9 Lo

0, MinA e fe N Aeareals pminnte.




13 fix)=e>*"1-3

(a) State the range of f

The curve y = f(x) meets the y-axis at 4 and the x-axis at B.

(b) Find the exact coordinates of 4 and B.

(c) Find the equation of the tangent to the curve at 4.

1

(C))
“@

1'[(1;)>—3

b/

2 x + 1

9 = € - 3

CrodSses

G
¢
p
)
¢
v
\
o

«
n
Q)
(
(N

crossesy X wwlhhea = o O'—'—C,’Lm‘t—t
e 5 = el;*\
\n & ~ Lx — |
IA3) + 1 = x
s
3 ((1a(3)+] o)

9= (-e_3> = Jde (\I)

—e+3 T Qe x

<

Qexr +-3

<
\




14 The population of bacteria is being measured.

The equation

logioP = 0.5¢ + 1.398

is used to model the population of bacteria, P, ¢ hours after it was first recorded.

(a) Show that P =ab', where a and b are constants to be found.

(O]

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

(b) Interpret the meaning of the constant a in this model.

(0]

(c¢) Find the population of the bacteria after 10 hours. Give your answer to 2 significant figures.

2

5. St £1.39%

;. 34¢

P = /0
= 10”70

- /01.3‘18’ (/Oo.i t

.39°¢ .
a= (o' b= 10°°

< 25 = 3.16

e —

“The intiel poPu_La,(fiowL o) backe ia

25 3.46'°

™~
\J

\

2500000




15 The growth in the population of worms, W, is modelled by the equation:

W=95—75e"

Where £ is a constant and 7 is the the number of days since the first measurement.

(a) Use the model to find the number of worms when measurements began.

After 50 days there were 35 worms

(b) Use this information to find a complete equation for the model, giving your value

of k to 3 significant figures.

(c) Use the model to predict the number of worms after one year.

(d) Sketch the graph of W against 7.

(0))

(O]
(0))
(€) B

L0

b/

w

35 = 95— 7se,g°

Sov

e

= 50w

K = —o cowy4 b

—_—. osd+46tT

W = 95 ~75¢

S (365)

C/ W = 95 - T15¢€
= 30
WA
45 - -

20

('\‘v




16 Two experiments measuring the population of insects are started at the same time.

The number of insects in experiment A is modelled by the formula P, = ae®*
The number of insects in experiment B is modelled by the formula Py = be'™
Where t is the number of days since the experiments began.

At the start of the experiments the total number of insects recorded is 120
After 8 days the total number of insects recorded is 480

(a) Show that a = 50, to the nearest whole number, and find the value of 5.

3
(b) Estimate the total number of insects after 10 days. ©)
(0))
(c) Find the day that the number of insects in experiment A exceed the number of insects in
experiment B. 3)

a + b = ]20 ﬁ)

aco.z(d‘)_}_bco.ls(?) _ lf—go

. =
ae’t +be " - ¢go (2)

a=499¢ L= 706.034

i)
(O]
o

(l

-

Seo.oSL—. > 7

eoose >43g
0.05¢ » \nl%)

~ P

> 20 \/\(%)

Y 6.73

[ dagys
O

——




17

The temperature, §°C, of a cup of tea  minutes after measurements began, is modelled using the
formula
0 =681 + 21 t=0

(a) Sketch the graph of § against . 2)
Find according to the model:
(b) the initial temperature of the tea. (1)

(c) Find the value of # when the cup of tea reaches 40°C. 3)

&/

Z\

87\

L)
-~

¢/




18

The value of a car t years after it was purchased, where J is the value of the car in thousands of
pounds, is modelled by the formula

1

V=A+Be®
where A4 and B are constants.

VA

(0,18)
(6,7)
........................ y=k
>
o t

The graph shows a sketch of V" against 7. The graphs passes through (0, 18) and (6, 7).

y = k is an asymptote to the curve, where £ is a constant.

Find the values of 4, B and k.

-1
A+B= 138 () 7T=nA+tie

A+e'8 =7 O

e

A=0.59¢8 E=17.¢

—

A e
6

V= 059+ 17.4¢&

K= ©0.-65§9¢

—_______)

19 Show that 10g2(%) +2log,3 =log,(9x) — 3

T
log. * = log. 9 * log. 3
J& J e

JL—

[oa,Lx - 3 + /Dch 9

J -

logq, 2 4109, 9 - 3
< v

)aq‘z’(?l) - 3
J /




20 (a) Using y =2~ as a substitution, show that

4—2x2_5=0
can be written as

14y -5=0 @
(b) Hence, show that the equation

4522 _5=0
has x = log,5 as its only solution. (C))

a P* - Q%1 -6 = o0
(29 -4 2 -5 =o0
4° -4y -8 =0
(V) J

b/ ~S>(:)+/) = 0

\

w0

(9
3= 97!

2% = -]

2% =
= |

0\-. L
09 . A0 SOL, LT Camnoh SR MY '

J

f v

21 A curve has the equation y = e*

At point P on the curve the tangent is parallel to the line 9x —2y +3 =0

Find the coordinates of P stating your answer in the form (In p, ¢) , where p and ¢ are rational.

QUI: q;:.+-3

< q
g = L x + = M= -
(W - —

"
2% = la =
I:ély\,izlf\%)

@
|

M
(l
|

Y W2/




22 The population of people in a town is modelled using the formula

P=a(10%)

where 7 is the time in years since 2001, and a and b are constants.

(a) Explain what the value of a represents

1

In 2008 the population of the town was 54 000

In 2013 the population of the town was 59 000

(b) Use the data to calculate the value of a and the value of b. 4)

a 15 the 'polpu(_uh'om. i Zoo|

Syooo = a(/&"’/) 59000 = a(/o'“)

176

sq-oab a</07b)

51 = /OSl‘

B

J|

56

10‘1 /0
J

b = 000769

— T

S5400 O = a

00767)
,0'7(0

a = 47700 (358—)

23 Find the solution to

<
o
x - ’z(".\,s:7
~ (Dq‘-q”'
J
= lpg 3




24

A curve has the equation y = e*

(a) Find, in terms of @, the equation of the tangent to the curve at the point (a, €*) 3)

(b) Find the value of a for which this tangent passes through the origin. (2)

(c) Hence, find the set of values of m for which the equation

eX=mx

&)

has no real solutions.

dx

a-

2
e = «16

-
2Jf2r
: , /// g
_____/
t —_—
v
T

O < m< Le




He believes that J/ and ¢ are connected by a formula:

N=Ae"

(a) Express In N in terms of ¢

Jonathan collects the following data

t 8 11 18

N 12 24 90

(b) Plot In N against ¢ foxxhis data

5

InN /
2

/

0 5 10 15 20

t
(c) Using the graph, estimate the value of 4 and the value of £.

25 Jonathan is investigating the spread of a virus measured by the number of daily recorded cases N.

where ¢ is the number of days since the virus was first recorded and where 4 and & are constants.

2

@
“

* N: 46“-&

e N o= I (he )

S A4 (ne "

\(\M:I/\A"‘l'kt-

c/ In A =

[
4:e




26 The temperature of water in a kettle is modelled using the equation 7= 75¢* + 25

Where T is the temperature ¢ minutes after the kettle is turned off and £ is a positive constant.

(a) Explain what the 25 represents in the equation 7' = 75¢* + 25 1))
When the kettle is turned off the rate of decrease of the water temperature is 20°C per minute.

(b) Find the value of £ 3)

(c) Find how many minutes it takes for the water to cool to 55°C 3)

The roomm {'e_Mpero-.‘ch _ e —R/vu‘c&ruk-vra lWWR

wr o~ Ao a!oipr-oo-c,bs&s .

w E

/d__z: -~ 75k e

db

~75k = —20

K = —=




27

1y
The line L is a tangent to the curve y = e’

at the point where x =3
Show that L passes through the origin.

{
= 2=
dy = e *
(el 2= 5e
wwnen ¢ = 3 é_:i = %‘&
|
9q—2e = —e(x- 3>
J - 7
—
y—€ = Tex —e
-
}
3 = 3e>
C =0 passes {’h/o«/\jb\, X X5
l."
28 Find the coordinates of the point of intersection of the curves y = €* and y =3 — 2e?
= x
L eT = 3-2e
e - X —
e-+ de*” -3 =0
+ g -
(el-"—{—3>(€ - >'0
. Lo
- z" -
e -3 et
N x = 0
N\
Y= |
~
(0, 1)




29 Find the exact solution to the equation (2*)> = 2(3%)

la 2% = a (2(37))

1

2x la 2 n 2 + )a 3%

2x Ja 2 = la1 + 2 /a3

Pz lat -2 Ina = Jal

x(2la - — 1A 3) = la
" 2
|
pS ~ Fa YR | IR \
A~ I & — 772
*\\
30 On the same axes sketch the curves y=e*and y=Inx ~e
L& ~
9=-¢ i)

IN /

31 (a) Write down the value of log.a
(b) Write down the value of log.a’




32

(b) Given the equation 2logax = logz(x + @) + 3 has only one real root find the value of a.

(a) Show that the equation 2logxx = logy(x + @) + 3, can be expressed in the form x> — 8x — 8a =0

(©))

(&)

Log. 2" = log, (x+a) t 3
J" J

lpg.x —log, (x+a) = 3
J J " -

x —
(ﬂqb(;rfa) - 3
J 7\ d
:ZL = 2_3
= + A
x - = (e + =)
x* =~ R x + %

SRR E S £

1)
0

)gl—lfa.c, = O

()" - «()(-%a) =o

él—!»'i'ag-m = 0

o- = -




33 Solve the equation 2logx(x + 6) = logx(x +4) + 3,

L log, () —lom, (x+4) =3
LL‘(":) —
LO Y1 > + < 3
—
(= + &) =
T +
X+ 12x + 36 T 3(=+y)
>t 4+ LT «36 = Vxx37
ot e vt = O
Lx +2)"- = o

o= - T

34 Solve the equation

pN \Oo\,’DL-'F,LLOo\,DL = [ O
J - T =

.-%-\oa\_‘_:x. = 1O

\ojltx_ = Y

X = 2«+
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The world population, P (billion), is modelled by the equation P = ab’, where a and b are constants

and 7 is the number of years since 1 April 1974.

The line / illustrates the linear relationship between ¢ and log,oP since 1 April 1974.
The equation of line / is logioP = 0.0087 + 0.6

(a) Find, to 4 significant figures, the value of ¢ and the value of b

(O]
(b) With reference to the model interpret
(1) the value of the constant a,
(i1) the value of the constant b. 2
(c) Find the world population, as predicted by the model, on 1 April 2020. @
(d) Given the world population on April 2020 was 7.8 billion use your answer in part (c) to
comment on the suitability of the model. M

(‘oq”jo = OOO?E + 0.6
S

o L V. ¥ /
g.008E 1+ 0%

P= o0

P = )0°° (/o""’”){

a= 3.98| \o——l.oi

1.)‘/ The ?h‘p.,\[quw LA IQ7'+ ~ ey 3.9 %! (e',HiM

. . o
)I/ The %OOPwlod'soA JAlr @ alea |-°|/° Cecda Ao

1\4
o

p=2%9%] x/,oz‘}'%

= 7. 46 billion

-

The moded oves b mates  fhe popwlu{\'w\,‘,{,— s el

Suitolb le.




(b)

(a) Find the initial value of the car.

(1) Show that 3420e°2" = 1000

36 The value of a car is modelled using the formula V= 17100e* + 2000

Where V is the value of the car and the car’s age is ¢ years.

Given the model predicts that the value of the car is decreasing at a rate of £1000 per year

at the instant when =T

(i1) Hence find the age of the car at this instant, giving your answer in years and

months to the nearest month.

)

(6)

£19/00

Q)
’_F_J‘
~0.2E
b/ AV = -341pe
/ AE
-0.27T
— 342 0€ i e XeXe
—-—0.L T
S42 O€ Z |ooco
. —O0. 2T — So
“',/ =7
S
—0o-2T7T < l/\& L7 )

= 6.8 -eors

= é Yoors l‘M.oAi’M
A\ o~

—

/




37 lOg]()NA
7.6

0 >
logioP

the equation

N=A4P*

where 4 and B are constants.

The graph shows the linear relationship between log 0N and logoP

The line meets the vertical axis at 7.6 and has a gradient of -1.32

(a) Find, to the 3 significant figures, the value of 4 and the value of B.

The company sets a selling price at £74.95.

The company estimate their production costs to be £20 per product.

(c) Estimate the profit the company will make from the product.

A company model the number of products they will sell N, and the price of the products, P, by

(b) Find, according to the model, an estimate for the number of products the company will sell.

Q@

@

@)

* ((JJ',DN = — /.32 IU“’ P + 7.6
/3T
(DC],DN = IOQ:DF +7é
v v
.37
(.Dq,_N" /0"15 = 7.6
JE (Y
N
Loq,g (,«/zz = 7.6
J! /
7 6
N = /D

No- /07'6f

A= 37800000 R=-132

b/ NS 39800000 (7¢.95)

=137

L4

- |23 0o (Bsh)

/[ 33000 X S4.9S = £73)o0g00

%s{-—)



38 Express as a single logarithm

3 log.4 — log.2

3
Loqa‘q - loclaLl
W, [

log,. 64 — log.. T
J &

loq . 3%
|V

39 The value of an investment grew exponentially from £3.2 million in 2001 to £6.1 million in 2021
Estimate the value of the investment in 2031 if the exponential growth continued.
r &
V= 32e
— 2ok
.l =3 2e
— 20w
L =e
32
P (,__‘;_l_. ) T 20 WK
NS¢’
k = ©.0323
3(35)
- 0.05=2
V= 3.de

2.4 million

(2sé)
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A
2.4
23
\
long
22 \\\
\
2.1
<
0 0.1 0.2 0.3 0.4
logiQ

The graph shows the relationship between logoP and log0Q

Show that P and Q can be connected by the equation P = aQ” where a and b are constants

O L
(
= —ig.
log £ = -— log Q& + 2.29
O
LUC\IDP+ \Ooh =229
2
(03),,.!’4’ log, , @™ = 2.5 9
Log . P&* = 2.29
J
)
b a - o™ |
P = 0¥ g™
P =115 *F
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Michael’s car is valued after 2 years and after 5 years. The valuations are shown in the table below.

Time (years) 2 5
Value (£) 47200 29200

Michael models the relationship between V, the value of the car and ¢, the time in years since Michael
bought the car, by

V=Aex
where A4 and k are constants.

(0]

(a) Explain what the value of A represents.

(b) Show that
InV=InA—kt (0

(c) Calculate the value of 4 and the value of & “4)

(d) Use the model to predict the value of the car after 10 years. 2)

The

mbal yalue oy the cov .

(=]

- K
y = Ae

Inv = /n,(Ae;N)

AV = IAA -+ IV\Q:KC

v = la A — ket

c/

ln 47200 = (n A — 2k

|~ 29200 = o A — Sk

ln 47200 — (A 29200

w
~

)M%)

N\

~
{
>

I-

N——
\)
C
JG\

d
w

(
w|- <

/

~
v

|

ln A= In47200 ¢

NIV,
)
< J\
A~
d\P—

-+

\V\A = ,VL Y7200

d
o

f
~——

ane
4‘“—’
w|=
N—o
e’

In A = I (4700,

ul?

A = WI200 (J:)/_SE‘.)

— j6S000

a(/ L5 000e

_a,/é(/o) :¥ /3/ 06
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