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Q1.

A hot piece of metal is dropped into a cool liquid. As the metal cools, its temperature T degrees
Celsius, t minutes after it enters the liquid, is modelled by

T=300e"%%% 4+20, t=0

(a) Find the temperature of the piece of metal as it enters the liquid.

(b) Find the value of t for which T = 180, giving your answer to 3 significant figures.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(c) Show, by differentiation, that the rate, in degrees Celsius per minute, at which the
temperature of the metal is changing, is given by the expression.

20-T
25

(Total for question = 8 marks)

Q2.

A population of insects is being studied. The number of insects, N, in the population, is modelled
by the equation

300

= 33170020 reR =0

where tis the time, in weeks, from the start of the study.
Using the model,

(a) find the number of insects at the start of the study,

(b) find the number of insects when t = 10,



(c) find the time from the start of the study when there are 82 insects.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(d) Find, by differentiating, the rate, measured in insects per week, at which the number of
insects is increasing when t = 5. Give your answer to the nearest whole number.

(Total for question = 10 marks)

Q3.

A bath is filled with hot water. The temperature, 6 °C, of the water in the bath, t minutes after
the bath has been filled, is given by

6 =20+ Ae™
where A and k are positive constants.
Given that the temperature of the water in the bath is initially 38°C,

(a) find the value of A.

The temperature of the water in the bath 16 minutes after the bath has been filled is 24.5°C.

1
(b) Show that k= —1n2

i}

Using the values for k and A,

(c) find the temperature of the water 40 minutes after the bath has been filled, giving your
answer to 3 significant figures.

(d) Explain why the temperature of the water in the bath cannot fall to 19°C.



(Total for question = 9 marks)

Q4.
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Figure 5 shows a sketch of the curves C; and G,

C, has equation y=3+¢""! xeR

C, has equation ¥y=10—-¢"* x e R

Given that C; and C, cut the y-axis at the points P and Q respectively,

(a) find the exact distance PQ.

C, and G, intersect at the point R.

(b) Find the exact coordinates of R.

(Total for question = 7 marks)

Q5.



Figure 1

The value of Lin's car is modelled by the formula

¥ =18000e0% + 400001+ 1000. t= 0

where the value of the car is V pounds when the age of the car is t years.
A sketch of t against V is shown in Figure 1.

(a) State the range of V.

According to this model,

(b) find the rate at which the value of the car is decreasing when t = 10
Give your answer in pounds per year.

(c) Calculate the exact value of t when V = 15000.

(Total for question = 9 marks)

Q6.
The growth of pond weed on the surface of a pond is being investigated.

The surface area of the pond covered by the weed, A m?, is modelled by the equation



12000 B 150
=—— rtelk.r>=

40031 4 ] '
where t is the number of weeks after the start of the investigation.
Using the model,

(a) calculate the surface area of the pond covered by the weed at the start of the investigation,

(b) calculate the value of t when A = 260, giving your answer to 2 decimal places.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

The pond weed continues to grow until it completely covers the surface of the pond.
Using the model,

(c) deduce the maximum possible surface area of the pond.

(Total for question = 6 marks)

Q7.

The mass, m grams, of a radioactive substance t years after first being observed, is modelled by
the equation

m = 25e!™k
where k is a positive constant.

(a) State the value of m when the radioactive substance was first observed.

Given that the mass is 50 grams, 10 years after first being observed,

k=—In|—e
10 2

(b) show that 1 [1 )



(c) Find the value of t when m = 20, giving your answer to the nearest year.

(Total for question = 8 marks)

Q8.
A scientist is studying a population of lizards on an island.

The number of lizards, N, in the population, t years after the start of the study, is modelled by
the equation

1800
N=——r teR,t>0
2 4 30

Use the model to answer parts (a), (b), (c) and (d).

(a) Find the number of lizards in the population at the start of the study.

The model predicts an upper limit to the number of lizards on the island.

(b) State the value of this limit.

(c) Find the value of t when N = 780. Give your answer to one decimal place.

(d) (i) Show that the rate of growth, dV
d¢ , is given by

dv B N(900 — N)
dr A

where A is a constant to be found.

(ii) Hence state the value of N at which the rate of growth is a maximum.

(Total for question = 11 marks)



Mark Scheme

Ql.

Cluestion sScheme Marks
Mumber
o B1
(a) 320 (°C) [1]
—0.04s —oos 160 -
() T=180 = 300e =160.= e = 3{}0{2{“’11{}.33) MI. Al
1 (1607 1 {3007
2o 7 i) a1
. Alcso
157 (minutes) cao
(©) ‘;—T= (-0.04)x 300" = (-0.04) x (T - 20) M1 Al
t
_20-T, Al®
25 [3]
(8 marks)
Alt (b) Puts T=180s0 180=300e"" +20 and 300e™" =160 M1
In300-004f=Inl60 = t=__, M dM1. Al
0.04 :
15.7 (munutes) cao Alcso 4]
(a)
Bl 320 cao -donotneed®°C
(b)
M1 Substitutes 7= 180 and proceeds to a form A4e™™ =B or Ce"™ =D
Condone slips on the power for this mark. For example condone A4e™* = B
Al For o700 _ 160 or "™ _ 300 or exact equivalent such as o~"% — 8
300 160 15
Accept decimals here ™™ =053 _or "% = 1875
dM1  Dependent upon having scored the first M1, it is for moving from e® = ¢, c> 0=t = WTE
Al 15.7 comrect answer and correct solution only. Do not accept awrt
(c)
M1 Differentiates to give ‘;—T = ke %" Condone 1—T= ke " following T=300e™"* + 20
I I
(T—200
This can be achieved from T=300c2® 120 == 1/ 20| & _ F _ for M1
004 | 300 ) dT (T-20)
Al Correct denvative and correctly eliminates ¢ to achieve {;_T = (—0.04)x(T —20)o0e
t
If candidate changes the subjectitis for 9 _ =25 oe
dT (T -20)
Alternatively obtains the correct derivative, substitutes T in i_T= 20; T — c;_]' =—12e """ and
t 23 f
compares. To score the A1* under this method there must be a statement.
Al*  Obtains printed answer correctly — no errors




Q2.

Q3.

Qu Scheme Marks
Bl
a) Whent=0 N=15
( M
(h) Putsi=10s0 N= 566 (accept56or57) MIAl @
300 . 54
(©) 82=——— = e =——=—awrt 0.039 M1 Al
3+1727 1394
54
—02%t=ln — | =r= dM1
| 1304 )
Al
f=awrt 16.3
N (4
N : Y
(d) T (—0.2)%300% (-1) x17e ¥ (3+17e )~ M1 Al
=4 38 so0 4 mnsects per week Al CS‘D(})
(10
marks)
(a)
B1:15 cao
(b)
A1: Substitutes ¢ = 10 mnto the correct formula. Sight of N=% 15 fine
3+17e7
Al: Accept 56 or 57 or awrt 56.6. These values would imply the M.
(c)
M1: Substitutes 82 and proceeds to obtain ™% = C Condone ships on the power
Al: For ¢ =% e e = f;i; pe Accept decimals Eg ™% = awat 0.039 0T &"% = awrt 25.8

dM1: Dependent upon previous M, scored for taking In's (of a positive value) and proceeding to £ =
Al: awrt 16.3 Accept 16 (weeks). 16.25 (weeks), 16 weeks 2 days or 17 weeks following correct log work and

acceptable accuracy. Accept ;- Sin| 1394 | 0e for this mark
5

4

It 1s possible to answer this by taking In’s at the pomt 139427 — 54
MI1A1  In(1394)—0.2f = In(54) dM1 Al As scheme

(d)
M1: Dafferentiates to give a form equivalent to ci‘?""'=,i.:g.":"l' (3+17e¥) (may use quotient rule)

Al: Correct derivative which may be unsimplified % =1020e7H (3 +17e7 ")
f

Al: Obtains awrt 4 following a correct derivative. This is cso




Question
Number

Scheme

Marks

(a)

For substituting f=0and & =38

t=08=38=38=20+ A" . a
mto & =20+ 4e

Ml

=A4=18 Correct value for 4

Al

A =18 with no working scores hoth marks

2)

(b)

For substituting t=16and §=24.5

=16.8=245=245=20+"18""¢ ;
r=16.6=245= 245 =20+ 18 T | 0 0220+ their" 4"

Ml

This mark 1s for a correct
equation with the constants
combined. Allow equivalent

-kd6 —ras _ 1

—18e =45 or e

- 164
comrect equations e.g. e =4

Al

=e'¥=4=16k=In4
or

=l =Ind45 = ni8+ne ™ —In45=Ine™"" =ln%

— 16k =Int
4

Uses correct log or exponential work to move from:
e =C to tnk=alnC ar pe™ =g to Huk=cln g

M1

DT L S W NS N
4 16 4 B

Shows that i = % In2

There must be at least one intermediate line between their tnk=anCor
their Tnk=on § and the printed answer.

So for example —lﬁk=h1i=>k=%h:l*scores A0 as there 1s no

mtermediate line.

Al*

Note:
The marks in part (b) can be scored by using & =20+ 4e™ and substituting

2outef A=18 #=245 k= élu 2 to show that the 3rd vanable 1s correct

followed by a conclusion e.g. so k = élu 2

(4)

(c)

Substitutes = 40 into the given
equation with their 4 and the given
value of & to obtain a value for #

T
t=40=>6=20+"18"a ®

M1

= fF=awr 20.6(°C) Awrt 206

Al

Correct answer only scores hoth marks

2)

(d)

Examples:
*  The lower himat 15 20
o F=20
¢ As ttends to nfimty temperature tends to 20
¢ The temperature cannot go below 20
¢ e " tends towards zero so the temperature tends to 20
e e ¥is always positive so the temperature is always bigger than 20
o Substitutes #=19 in #=20+"18"e"" (may be implied bye g
= —é) and states e.g. that you cannot find the log of a negative
number or “which 1s not possible™

ey e

Do not accept e~ cannot be negative without reference to the *2

Bl

1)

[9 marks]




Q4.

Question Scheme Marks
Humber
(a) Allow e! for e throughout.
9 or 34e For 5i§ht of either inﬁrerc‘]epr 9 (11oﬂr+: Mi
10—eYor 3+e or 3+e or 3+e
Distance PQ= 6—¢ b—e (Not9—-(3+e)) Al
(2)
(b) Sets 3+ =10—8" Equates the 2 curves M1
Collects exponential terms and takes
e (et+1)=7 out a factor of &” with correct index | Ml
work.
i ' 7 _
x=In| — [or In— Cormrect x-coordinate Al
L1+e) l+e
Substitutes their x=1In | T | in y=10-e"=y=_
\1+e )/
ddM1
Dependent upon hoth M's.
It 15 for substituting their value of x wnto erther equation to find ¥
| | 1 3+10e |
= . or
1+e l+e
P ) , equivalent such as
T ) 3+10
R=|ln| — |——| 7 Al
. W14+e) l+e |———| y=10———or
l1+e
L
y=3 +i butnot y=10-e ~°
l+e
(5)
“"_:‘]:'3 N y=10—e"=e"=10-y=x=ln(10—y) =y — 34 QlE0-) M1
T Makes x the subject of equation 2 and substitutes inio equation 1
o o Uses cormrect index work to
yv=3+{10-v}e eliminate the “Tn" M1
10&+3 _
=¥y= r10-— | Correct y-coordinate.
l+e 7
7 R b Al
or y=3+ e Not y=10—e
l+e
Dependent upon both M's. It 1s for
x=m(10—y)=1n ( 10— 10e +3 | spbstitutmg.thei: value of y mnto ddM1
| l1+e erther equation to find x.
Dependeut upon both M's.
| | | 3+10e |
= . or
l+e/ 1+e
34108 ) equivalent such as
. 7 Al
| |1+e 1+e | x=hﬂ———¢.y=10——z—

NETY l+e
10e+3

Allow x —1n| 10—
l+e




() el " . v=3 v—3
fav y=3+e = y-3I=e —e =- =10-y==-
W ay 3 . v e - - M1
Makes &* the subject of equation 1 and substitutes into equation 2
v=3
0-—y=- =10e—ye=y-3=y(l+e)=10e+3
- e e - - :I Ml
Uses correct algebra and factorises v
= y=10t3 Lo—ll |
e . e Correct y-coordinate Al
or y=3+ LS
1+e
Then as above.
(b) y=10—e"=e"=10—y=x=In(10—v)
Way 4 . -
yv=3+e" =™ =y—3=x+l=In{y-3) M
v=3+eM =M =y —3=m(10-y)=In(y-3)-1
Makes x and x + 1 the subjectand uses x=x
- ¥~ 3 —e U'se_'sl:orrect work to eliminate the Mi
(10—} “ln’s
= y=2t3 o 10-— |
e e Correct y-coordinate Al
Te
or y=3+——
l+e
Then as above.
[7 marks]

If the candidate works in decimals throughout then the method marks are still available if no exact

. - [ 7
values are seen. NB: 3 +e=35.71...,6 —e=3.28..., In| — | =0.632...,

Q5.

10e+3
l+e 1+e

=8.11...




(a)
B1

(b)
M1

M1

Al

(©)
M1

Al

Al

Q6.

Cuestion
Mumber Scheme Marks
(a) 1000 < F = 23000 B1.B1
(2)
(h) ddi; =18000x—0.2e™* + 4000 = -0 1Y M1
dr 2 -1
—| =18000x—02e™ +4000x—0.1e" =awrt(—)634 MI1A1
=10
ﬁ @
(©) 15000 =18000e™"* + 4000e™*" +1000
0=0e"% +2e™4 7
0=(0™ 7y +1) M1ALl
)
9e7 =7":‘=r‘=10111{? |oc dM1A1
oy,
(4)
(9 marks)
Accept etther boundary: 7 < 23000 or I = 23000 or Vmax 23000 for the upper boundary and
V =10000r ¥ 21000 of Vmin1000 for the lower boundary Answers like I = 23000 are BO
Completely correct solution.
Accept 1000<T7=23000. 1000 < Range or ¥ = 23000, (1000.23000], ¥ > 1000 and V" < 23000
Score for a % = de™™¥ + Be¥ where 4 =18000, B = 4000
Sub #=10into a % of the form 4e™* + Be™*" where 4 = 18000, B = 4000
f
Condone substitution of f=101mnto a {;icf the form 4e"* 4+ Ba™¥ +1000 4=182000 8 = 4000
t

T
di = —3600e™"* - 400e™""

Correct solution and answer only. Accept 2634 following correct

Watch for students who sub#=101nto their 7 first and then differentiate. This 1s 0.0.0.

Watch for students who achieve +634 following ddz =3600e™™ + 4002 This1s 1,1.0

A correct answer with no working can score all marks.

} . H.1r )
Setting up 3TQ in ©  AND correct attempt to factorise or solve by the formula.
. +0.2¢
For this to be scored the € term must be the x* term.
Correct factors (Qﬂ_mf —ﬂ(e_ﬂh +1)or (?'-‘.‘D'k —Qj(ea'h +1) or a root e _ ;

Dependent upon the previous M1
This 1s scored for setting the ge™" — b = 0 and proceeding using correct In work to f=...

9) 1. (9 1, (7 7
r= IUlﬂ{?J . Accept alternatives such as ¢ =alu[?j mlﬂ{a ],—mlﬂ[;]

If any extra solutions are given withhold this mark.




Q7.

Question Scheme Marks
Number
(a) | 240 (m) Bl
(1]
(h) 0.04
260=1290¢ 160 2= 260 M1 Al
e +1
-
:>O_04r=1n'@ =r=1214 dMl1 Al
1 160
[4]
(c) 300(m") Bl
1]
(6 marks)
(a) .
Bl 240{m") Units are not required
(b)
1200e "™ w5 0er
M1 Proceeds from 260 =—7-—= | toaform Pe~ =0
e
Condone P or Q negative. Condone slips
Al 160e "™= 260 or exact equivalent for example e “*'= B .
dM1 Dependent upon the first M. It 1s for correctly taking Ins and proceeding to a value of 1.
Eg proceeding from e "™=__ to 004t =In(..) tor=_.
160e “™= 260 = 1n160+0.04r=1n260 = ¢ =._. is also fine.
It can only be scored from a solvable equation E.g Pe™™'=0 P.0>0
£12) p
Al Awrt 1214 Allow for the exact answer of 23 ln'l % ‘ or 25]11‘ %1 where %E%
(c)
Bl 300(m?) Units are not required. Condone 299 .99
Part (b) No working
120{} 0.04¢
Going from 260 =4Ti+1 to 12.14 scores SC 1000
v



Question

Number Scheme Marks
(a) 25¢  or equivalent decimal - Accept awrt 68 Bl
oy
(b) | 50=25¢!710F M1
Way 1 10k _ Way 2 e 10k _a/e Way 3 el% _e/2 Al
=1-10k=In2 -10k =In(2/e) 10k =1n(e/2) M1
:”r:]ne—]_ni —]n{%] No intermediate step
10 k= 10 needed
' 1 A
:”:]nlie,a' Al*
10
4)
(c) Uses = 20 and their numerical ¥ so 20=25¢/"F T = &l"¥ " _pg 0e | Ml
- 1TIn08 M1
|k|
= t = awrt 40 (years) Al
(3)




Notes for question
(a) Bl for 25e or for numerical answer, e g. 67.957 — allow awrt 68

() M1 Uses t=10, m=50.in m = 25¢ 7 to give 50 = 25¢!710%

Al 10k o (way 1) or e 10F _2/e e (way 2) or el _e/2 (way 3) or
emk_l = % (variant on Way 1) to give a correct eguation ef(k} = F . Some solutions will
move from
one of these options to another by sound algebra — this is acceptable.
M1  Takmng logs correctly to give f{k)=1n B
ie. 1-10k=In2 (way 1) or —10k =In(2/e) o.e. (way 2) or 10k =1n(e/2) (way 3) or
10k -1 = 1n(1/2) (way 4%)
(There are a number of correct alternatives but this line should follow directly from the
previous one)  This must be a correct equation.
Al*  cso- Needs both M marks, everything should have been correct and exact. Makes & the
subject of the Formula. Needs an intermediate step for ways 1 and 2 but not for way 3.

_ — /
eg k= % (Way 1 or Way 4*) or k= % (Way?) or straight to
(3
k=—o Jay 3
10 (Way 3)
" "
m[le | 1:1[ £
Must conclude with the printed answer k = % Lor k= 2) or k=— [E |o e
J
;5,pe-:ia1 Case Taking the mass as 50 + 25e in part (b) should be treated as misread. Can earn
—1n(2

M1AOM1AO and obtains & = %

() Ml  Uses m=20 and their numerical kin m = 25¢!% = ¢!

NB =e7FY 08 is MO usually %77 0 8)

—F't _0.8(NB k=0.030685.)

56
1-1n0.8 _ In(3¢)
dM1  Use of correct work to reach = T=T of equivalente g =r= gx

Al Allow awrt 40 (may see 39.86 or 39.9). (Decimals are acceptable in part (c)) Do not allow -40
Special Case

If the answer 40 appears with no working or after minimal working where no marks have been scored
then award MIMOAD — special case.

If the first M mark in (c) has been awarded and they give the answer 40 with no further working, then
award MIM1A1

Q8.



Question
Number

Scheme

Marks

(@)

Cao. No need for N= ... just look for the

360 correct value

Bl

(1)

(b)

Cao. No need for N= ___ just look for the

200 correct value. Allow e.g. N = 900

Bl

(1

(©)

1800 Substitutes N = 780 and proceeds to

Ly -
780 = oz = 2340e . =240 Ae = B. where 4 and B are both

243 it i
L+3e positive or both negative

M1

Correct equation oe e.g.

-02r
2340e =240 S 4 g 4 ox 39
39 3 3

Al

2t x4 [ 4
2340 =240= =—=-02%=In| — |=>f=__.
© T ' 39 I
or
0.2 —02¢ 0.2
2340e =240 = In 2340e =lh240=Ine =1n240-1n2340
TR (47
- — 7 = — -
8 39 = 0.2 111|\39J:>r
0.2
This mark is for fully correct processing from .de = B to obtain a value for ¢
Dependent on the first method mark

dhl

(r=)114 | Forawrt 114

Al

(4)

(d)) dv (2437 )x0-1800x—0.6x e
Way 1 Quotient: P :

(24+3)

:"u? 9 .r\-]
Chain: %:—lg{j{jx_{]_sxe—c'.-r{g_i_?'e_{l_._ ]

'ie"“ 2f
M1: For obtaining a derivative of the form —————5
(2+3e"%)

1080e™*
Often seen as T and
[ 24377 J

Al: Correct derivative in any form which may be unsimplified as above.

M1 Al

11800 )

] =721
w 1soa>{0.sx3k 2
ds "15(10“’

¥ )

-

d.
A full attempt to get ?in terms of NV

Dependent on the first method mark

Both e™* and (2 +3e7% ].: must be replaced by a function of N

dhil

AV _NOW-N) ey | & _NE0W0-M)

dt 4500 dr 4500

Al




(d)(i)
Way 2

N=—0 = N(2+3¢ ") ~1800= (243¢ ]—+N( —06e
243e ! '

h-11:['3+3e ]—+Ae Y20

Al: Correct equation
or

1800 02 dwv
'?Lr=—_[:|_1_r —> 2N +3Ne =1300=2 d]‘
2+3e
dN 2 dN _ -0t
M1: :i_dl‘ +Be & —+CNe =0

Al: Correct equation

22 AN ( 0
+3e T —+N [_—o.oe

. .
Il

-

0

M1A1

. (1800 2 ]
dv _oeNe | 3N 3

T 20X
dr 2+3e ‘ ]B‘SO

x  0.6N| —

T T

d] dl
Makes rr the subject and a full attempt to get @ in terms of V.

Both ™ and 2 + 3™ must be replaced by a function of NV,
Dependent on the first method mark

dh1

dN _N(900-N) dNV _ N(900-N)
G- a0 A= | 5 =—em—

Al

(d)(i) V= 1300
Way 3 = W

(1800-2N\  dt

= IN+3Ne?¥ =1800= 0¥ =

3N
iv ] dN | 1800 -2N
M1: For an attempt to make f or —0_2¢ the subject

f
and then applies the chain rule to obtain i

Al: Correct derivative in anv form

3N

1800-2N

=-02t=ln|] ———— :}_=_ﬁ><l - ]K—ﬁﬂ{jﬂf—:

M1 Al

dv  (1800-2N)N°
dr 9000

T

dt

Dependent on the first method mark

in terms of &

A full attempt to get

dM1

& NEO-N) |, . dv_ N(900—N)
& = 4500 - A=400 | =55

Al

(ii) N=450 Cao

Bl

()

[11marks]
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