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The resting heart rate, h, of a mammal, measured in beats per minute, is modelled by the
equation

h=pm*

where p and q are constants and m is the mass of the mammal measured in kg.
Figure 2 illustrates the linear relationship between log, h and log,,m

The line meets the vertical log, h axis at 2.25 and has a gradient of —0.235

(a) Find, to 3 significant figures, the value of p and the value of q.

®3)
A particular mammal has a mass of 5kg and a resting heart rate of 119 beats per minute.
(b) Comment on the suitability of the model for this mammal.
®3)
(c) With reference to the model, interpret the value of the constant p.
(1)
) s the relationship between 109, h and log,, m s linear,
we can write iF as Y = mat o
Where %+ 104, ™M, y > g, h , mM=T0236 C= 228

=) log, b :-0.235 log, M + 2.25

-6-135 lﬂﬂu, M 2.9
h= |0 x

L £ e %
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b) 1f m=: 5kg ,then the model predicts

n 92C

ST r
s = 122 beats pes Mminut
~ @

h-=118 x &

This 15 aCcurate 4o the measured heart vate within 2 significant
figures. So, the model 15 suitable: >

C) p would be the testing heard rate in bpm of g mammal
With o wass of | kg . (3)
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2. The mass, Akg, of algae in a small pond, is modelled by the equation

t

A=pq

where p and g are constants and t is the number of weeks after the mass of algae was
first recorded.

Data recorded indicates that there is a linear relationship between t and log, A given by
the equation

log,, A =0.03t +0.5

(@) Use this relationship to find a complete equation for the model in the form

A=pqg'
giving the value of p and the value of g each to 4 significant figures.
(4)
(b) With reference to the model, interpret
(i) the value of the constant p,
(i) the value of the constant q.
)
(c) Find, according to the model,
(i) the mass of algae in the pond when t = 8, giving your answer to the nearest 0.5kg,
(i1) the number of weeks it takes for the mass of algae in the pond to reach 4kg.
®3)
(d) State one reason why this may not be a realistic model in the long term.
(1)

a) log,, A 003t + 05

n - loo.ost*ro-s @

T AT O
p a
) (65 O

A : 3.162 x 10¥2° (4 sE)(y)
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LW)G) p tepreSents inihal wmass of algae (inkg) ,o0 weeks after
the mass of olgae was first recorded- @

(i) q represents the rate of growth of algae (N kg /week) D
\——

(C) when t =8, find A

(lou-g)( loo.o.s)g

5.-495

(D
A 5.5 Kg\fnearesr 05 Kq)

>
n

when A =Y ) find t

y - (to°’5)(|o°'63)t Q)

0" - A S 1.26 .-
lo°*
0-03¢ = log,, -26 - - 0-101
t - 3.- Yol ...
= 3.y weeks (1)

d) The Smal) pond will soon be overcrowded ,so it is unlikely for
olgae to multiply of the same rate. (7)

N
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3. (a) Given that p = log, X, where x > 0, find in simplest form in terms of p,

® 1og, 2]

(ii) log, (Vx)
()
(b) Hence, or otherwise, solve

2log, (g) +3log, (V) =-11

giving your answer as a simplified fraction.

Solutions relying on calculator technology are not acceptable

(4)
aA) W oo () = g X — tog g
043\ q 7 %3 0951
\
= P—Z ~
O L
M) log 4 (2 log, x*
= lT |Oq:s X
o

=

o (@

A
= .
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use vatue from (a)

) 2iog () + 31l0g ([z) = -M D
“J3INa 7 JI3 VY A

2(p-2) +3 (fp) = =)

ap -4 +STP T =

4p -8 + 3p = -22

Tp -1y
pi-2 (1)
) P=logy X
N\
lon K = —ZQ)
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4. Using the laws of logarithms, solve the equation

2log, (3x —2) — logsx = 2
3

2 log, (3x-2) - log. x - 2

I -12x +4 = 25 % (N

e

Qxi-s‘px +4 =0

(x-4) (ax-1) =0

substitute x L™

1‘4 aﬂcl 1="'__/ k

L the eguation of log  will give

Xz 4 gnly @ 109 of a4 negahve num bev
which iS not wrrett”

flence, =1 ¢ not g

A

So\uhon:
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5. Using the laws of logarithms, solve the equation

log, (12y +5) —log, (1 -3y) =2
®3)

\ \ b
lO%g(lZ(i)"'S) "\Q%QLI B $ﬂ)= 2 ) lO%b*IO%Cz(Ogo\?
PR W) T I ol \ L
logs ——) =2
TN\ ‘-5‘3 J )
IZ}j +S — 29‘
([ =3y

(th +5 = Q(l-?tj,)

2y +5 = 9-179 Q
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6. The time, T seconds, that a pendulum takes to complete one swing is modelled by the formula
T=al

where | metres is the length of the pendulum and a and b are constants.

(@) Show that this relationship can be written in the form

log,, T=blog,, I +log, a
)

log,, T 4

/. (0.21, 0.45)

log,,|

(0.7, 0)

Figure 3

A student carried out an experiment to find the values of the constants a and b.
The student recorded the value of T for different values of I.

Figure 3 shows the linear relationship between log, | and log,, T for the student’s data.
The straight line passes through the points (0.7, 0) and (0.21, 0.45)

Using this information,

(b) find a complete equation for the model in the form
T=al

giving the value of a and the value of b, each to 3 significant figures.
3)

(c) With reference to the model, interpret the value of the constant a.

b b @)
o) T=0al S Llog, T =09y, al

b
(Og\d—r:logloa“- (0%10 ( @
Log,e T = l09, 0. +blog L
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b) (0.21,0.4s)
]
. 04s-O0 _US
(-0.3,0) < 2 ™M= 0.21+0.3  a)
looy, T
= o T
/
= =l e
yd
_0s /|
-THE ,/ (g, (

O - é"f("@-?\)-&quw& 0)
logy, & = 0-34¢.
0-2Us
az= 10 =2.21%
0.445
1=72.721 ®

c) A s e bme kaken for oo pendinlem of Ler\o\’c‘& Im
o complete one Full swiag. (J)
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7. (a) Sketch the curve with equation

X

y=4
stating any points of intersection with the coordinate axes.
)
(b) Solve
4°=100
giving your answer to 2 decimal places.
)
J x
’ I/ "
. @

meets y-axis at (0,1)

b) 4 - 100
In (4%) = 1q (100)
% In (4) = ln C100)

= nl00) s

In Cu) (D

X-3.32 (2dp)
|
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8. a=log,x b =log,(x + 8)

Express in terms of a and/or b

(a) log,x
¢))
(b) log,(x* + 8x)
(2)
(c) logz(S + ﬁj b
* 103 o =b \03 o

Give your answer in simplest form. /

€))

II;L
(L) l!h%zgii < l(}lg X = _(.IQ(%!‘I < l o (l)
2 yA

) oo (xt+¥x) = l00y, (2(x+R)) = 160, 2 + 100y, (x+&) O
o+t b
y - 3 =
o %+ 6’/t - 7[9(+'>2)(\l‘) /.\og)todcﬂ \03&4—\083&
¢
+ 22\ = (O S (x+

=109, 3 + lag, (n+8) -l0gy, x

—

2% 1b-a ©

4 I

lo

oS \F’

a— = logo -loab
J J J
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9. log,,V 4

(0, 3) (10, 2.79)

~V

Figure 2
The value, V pounds, of a mobile phone, # months after it was bought, is modelled by
V=ab'

where a and b are constants.

Figure 2 shows the linear relationship between log, /" and ¢.

The line passes through the points (0, 3) and (10, 2.79) as shown.
Using these points,

(a) find the initial value of the phone,

(2)
(b) find a complete equation for V in terms of ¢, giving the exact value of a and giving
the value of b to 3 significant figures.
3)
Exactly 2 years after it was bought, the value of the phone was £320
(c) Use this information to evaluate the reliability of the model.
(2)

0) whea £=0, [0g V=8 O
SN=10° = £1000 O
o) V=0
|99,V = loqwodo&
= (09, 0- + 100y b
= (00 + £ logelo
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" grodieat = 10gy,l (00, kercepk = (oo, 0
L @ v v Jiv

oy, b= Z2:FA-3 = -0 - |0e,,0= 3

2y © o= (000
b=10 =0.953 (3sF)

V= 1000(0.953)° ©
7 = 24 ywow | =
V= 100000.452)" = 2315 (3s¢) ©

£ 315 s close 0 sa




Laws of Logarithms - Year 1 Core PhysicsAndMathsTutor.com

10. Given that
log,(x +3) +log,(x + 10) =2 + 2log, x
(a) show that

3x* = 13x-30=0

3)
(b) (1) Write down the roots of the equation
3"~ 13x-30=0
(i1)) Hence state which of the roots in part (b)(i) is not a solution of
log,(x +3) +log,(x + 10) =2 + 2log, x
giving a reason for your answer.
(2)

) 00,(x+3) +l0g,(x+10) = 2 ¢ 7|09, *
loq,,(gucg) 1 loqz('X—HO) - loqzxz =2

0o, [ (X+3(x+10)) =7 (1)
\ 2% / =

2t +13%x+%0_=2%=4
) o

%% +30=Yot ()
2x*-13x-20=0 ()

) (i) oc:(,,x=~% ®

(i) « ¢—?3_ becaunse (00, (- -;—) (3 nok reak: (

log, X [a0x Only Eousen
//% - pasihue INOES






