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Questions

Q1.

Show that
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Q2.
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Qs.

Va
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Figure 5 shows a sketch of part of the curve with equation y = f (x), where

1-%>

f(x)="——"=3
(l+x')

The curve
e intersects the x-axis at -1 and 1
e has minimum turning points at P and Q

as shown in Figure 5.
(a) Use calculus to find the exact coordinates of P.
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(b) Using the substitution x = tan show that

[ £(x)dx = ["cos20 d0

Ja

where a and 8 are constants to be found.
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The finite region R, shown shaded in Figure 5, is bounded by the x-axis and the curve.

(b) Use algebraic integration to find the area of R.

-+12)

p- Co§ 20 o0

7
4 %o
St'v'l L &
=% i
2 4

5
1]
|-
um
S
——
)2l
\n_--""’
|
\-
748
3
>
wl?d
L

(Total for question = 13 marks)
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Q4.

The height above ground, H metres, of a passenger on a roller coaster can be modelled by the differential
equation

dH _ Hcos(0.251)
dt 40

where t is the time, in seconds, from the start of the ride.
Given that the passenger is 5 m above the ground at the start of the ride,

(@) show that H = 5¢01sin (0-25¢)
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(b) State the maximum height of the passenger above the ground.
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The passenger reaches the maximum height, for the second time, T seconds after the start of the ride
(c) Find the value of T.
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Q5.

i
! 111 m
5m 1

St 10m

< 20m

v

Figure 1
A tank in the shape of a cuboid is being filled with water.
The base of the tank measures 20 m by 10 m and the height of the tank is 6 m, as shown in Figure 1.

At time t minutes after water started flowing into the tank the height of the water was h m and the volume
of water in the tank was vV m?

In a model of this situation
o the sides of the tank have negligible thickness
e the rate of change of Vs inversely proportional to the square root of h

(@) Show that

e

/ —_

A
t Jh

(=N

where A is a constant.
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Given that

¢ initially the height of the water in the tank was 1.44 m
e exactly 8 minutes after water started flowing into the tank the height of the water was 3.24 m

(b) use the model to find an equation linking h with ¢, giving your answer in the form

h* = At+ B

where A and B are constants to be found
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| W = [ Adt
2y
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3
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(c) Hence find the time taken, from when water started flowing into the tank, for the tank to be
completely full.

Tomk 2t o =5 = g!™® = 0:513F + 11 72%
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(Total for question = 10 marks)
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Q6.

1

(a) Express 7(25-7) in partial fractions.
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The volume, V microlitres, of a plant cell  hours after the plant is watered is modelled by the differential

equation

The plant cell has an initial volume of 20 microlitres.

= —V(25=¥)

(b) Find, according to the model, the time taken, in minutes, for the volume of the plant cell to reach 24

microlitres.
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(c) Show that

A
l:ek'+b’
where A, B and k are constants to be found.
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The model predicts that there is an upper limit, L microlitres, on the volume of the plant cell.

(d)

Find the value of L, giving a reason for your answer.
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(Total for question = 12 marks)
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Q7.

< 3kx — 18 : S
fx)=——— where kis a positive constant

(x+4)(x-2)

(a) Express f(x) in partial fractions in terms of k.
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Q8.

¥y A

%

Figure 6

Figure 6 shows a sketch of the curve C with parametric equations

x = 8 sin’t y =2 sin2t + 3 sint

O0<t<

SRR

The region R, shown shaded in Figure 6, is bounded by C, the x-axis and the line with equation x = 4

(a) Show that the area of R is given by
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(b) Hence, using algebraic integration, find the exact area of R.

A,
R = X ) § - § Coouyt -|—sts‘m*t cost dt

= AN

x/,
I-I,T ) E L' )
S € - & Cosut dF = [?t zanf]o

/i

-wj Y OiaTh Cestdt
0

N I
lf/'k W = Swn b g Swm "y T L/L
d uk-_%:V\U -0
24 - et
A¥ 4
(V3
de = St
Y7,
q.-‘sJ wtl Ccoyk = o

(Total for question = 9 marks)

(Q16 9MAO0/01, June 2022)



Q9.

The table below shows corresponding values of x and y for y = e™?

The values of y are given to 4 decimal places as appropriate.

(a)

d-25

X 0 0.25 0.5 0.75 1 1.25 1.5

y 1 0.9394 | 0.7788 | 0.5698 | 0.3679 | 0.2096 | 0.1054

Using the trapezium rule with all the values of y in the table, find an estimate for

J. e - dx

giving your answer to 3 significant figures.

B:\'% a = O

_'ax ,L [(i ¥ o.log@H(o-qzww-?m{+D-5é‘1€s+o-3@7ﬁ+a-1meﬂ

0-¥55  (3s.0.)



Using your answer to part (a) and making your method clear, estimate

1-S

o

0855 + [ 7]
0-555 + 7(15)

14,1355
——

(Total for question = 6 marks)
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Q10.

(a) Use the substitution u=4 - Vi to show that

dh
=_8 - _2 + k
[ = sl VB2 VE + 2

where k is a constant

w= ¢ = Jh
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A
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A team of scientists is studying a species of slow growing tree.

The rate of change in height of a tree in this species is modelled by the differential equation

dh 70'25(4 e ‘/E)

dr 20
where h is the height in metres and t is the time, measured in years, after the tree is planted.

(b) Find, according to the model, the range in heights of trees in this species.

A’t L‘wmr,j &‘ =0 .'. q’—'JTf: =0
4 =du
A6 = h

wanal

kt St T=0 h=o

r oo Jé_ Tree ke:t\;]\,\‘t = £ h < i[—;

One of these trees is one metre high when it is first planted.

According to the model,

(c) calculate the time this tree would take to reach a height of 12 metres, giving your answer to 3

significant figures.
‘_J,_[: _ _to-l'S( q’ _ JT!\ \
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(Total for question = 15 marks)
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Q11.

YA \
o)
R
o 1 Vf; X
Figure §
Figure 5 shows a sketch of the curve C with equation
1
Y=o — 0<x & 2

V4 - x°

The region R, shown shaded in Figure 5, is bounded by C, the line with equation x = 1, the x-axis and the
line with equation x = \3

(a) Use the substitution x = 2 sin u to show that the area of R is given by

b
j kcosec udu
a

where a, b and k are constants to be found.
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(b) Hence, using algebraic integration, find the exact area of R.
Give your answer in simplest form.

0-25 j
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(Total for question = 7 marks)

(Q16 9MAO0/01, June 2025)



Q12.

In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Show that
o (ZA\- + l)‘
k8
_ 2  d=
(2sc+1)3
Wt W= 2+l lAl"«S u, = 1
é'_lé = X D‘,’iC = d_,lA_ s = Ul-;_l
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5 g'l [
A 2
S
> Shown .
R

o
'J'l )

0-125

(Total for question = 5 marks)
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Q13.

Figure 5
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Figure 5 shows a sketch of part of the curve C with equation

—3x

y= Xxle x=0

The finite region R, shown shaded in Figure 5, is bounded by
e thecurve C

o the line with equation x = 1
o the x-axis

Find the exact area of R, giving your answer in the form

A+ Be™3
where A and B are rational numbers to be found.
l 1
ﬂ\:j g e o x T SRR L R I N T
. —» A= Bx [ ] ) 3 €
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{_ €yt el W (e 3 16 - 3(0] i [, e _uﬂj (Total for question = 5 marks)
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Q14.

(a) Given that a is a positive constant, use the substitution x = a sin to show that

cod 28 2 cos Y -sim’e

oz SNt @ Cos 26 = 1—Sinteo-SinTte
L = Swm'e tos 26 = 1~ 23!t

= S Slnp = - =B 20
4 = Sn € 3 ==

R T ;:/L L= e - acos1é
2

= as'w\"'e 2
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- ¢
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dic = aSin2® e

&= 5h (o) = O

T [ty
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E ’ (o ; lwo & A6
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7 — t
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=
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o X

where k is a constant to be found.
] v R .
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t e ™
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\
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(b) Hence use algebraic integration to show that

‘L 1 52
J x*Aa-xdx = 7(1'J.
0 o~

0

sin>26 d9
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(Total for question = 8 marks)
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Q15.

The curve C with equation
g p—3x
4 2x —g)x +3)

)
where p and g are constants, passes through the point ( 2) and has two vertical asymptotes with

equations x =2 and x = -3
(a) (i) Explain why you can deduce that g =4
(i) Show thatp =15
8 xda 2 ala)-9=0
4 -9 =0
9= 4
<) y. _fob
(23(’_—[{«)(‘30"’ 3)
R 163 I

a - [20-43+3)

\ p-1
s T
2 !

G = ¢ - A

P = A5 & hawn .

-
p—



=V

Figure 4

Figure 4 shows a sketch of part of the curve C. The region R, shown shaded in Figure 4, is bounded by
the curve C, the x-axis and the line with equation x = 3

(b) Show that the exact value of the area of Ris aln 2 + bIn 3, where a and b are rational constants to be

found.
= 1S - 3x :

- - s _ \*/5 ok

(D\)C—‘{-) (D( +3> A J} 200 ~ ¢ 9C + 72 ‘

At 3=0°© 5
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3 10 10
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a=z "2 o %t
="_E S 1o
5
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q = s A
A= 2
S
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(e -9) (oc 1) doc -y xE3

(Total for question = 11 marks)
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Q16.

The number of mice on an island is being monitored.
When monitoring began there were 4000 mice on the island.

In a simple model, the number of mice x, in thousands, is modelled by the equation

where k is a constant and t is the number of years after monitoring began.

(a) Find a complete equation for this model.

X = ak b -—o
¢ = =
- S
A = 4‘ x5
2
A = | o
¥t +5

(b) Hence calculate the long-term population of mice predicted by this model.

AS £ —> 20

3 —> (\')Ooox:;>
fan

oC —> 7500 wm'ce (s He L,WB +evun ?akpukkaffow




In a second model, the number of mice x, in thousands, is modelled by the differential equation

4£:t’)x—x2

dr

where t is the number of years after monitoring began.

4
(c) Write 6x—x" in partial fraction form.

G S 4
S S
Grc—x =~ (6-20)
4 - . 8
x (6 -2C) o 6
4 = aAle-xd & B
xt w="Lb A{; x = &
4+ - G’% 4 = éA-
= _
3 5 o >
' 4 2/ 2/,




(d) Solve the differential equation with the given initial condition to show that

(2e *
/l-b

7
| + Qe

%—me - %Lm\@’bc\ = v +C .o o=

gl,\owf/\.

é_‘-__w :(63/,_*")(6\,-\2)

> %t

e C 2e
(e) Hence find the long-term population of mice predicted by this second model.
KS L =S
>y lbv\'[fe wdetion = OD0 \
Cz 0 3 Uod eog o) é)D miCe

ot ,>é

(Total for question = 12 marks)
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Q17.

Water flows at a constant rate into a large container.
There is a tap at the bottom of the container.

At time t hours after the tap was opened

e the volume of water in the container is V m?
e water is flowing into the container at a constant rate of 0.45 m® per hour
e water is leaving the container through the tap at a rate of 0.3V m?® per hour

(a) Show that

20‘1 =96V
dr

av  _

— = 045 — 0-2\
dt

xdo
{20 Y20



Given that when the tap was opened, there was 0.25 m? of water in the container,
(b) solve the differential equation to show that

V=P-Qe™

where P, Q and k are positive constants to be found.

102> = 9 v
at Ol
,A,du | A ar
q_é\/ JO
~rlald-eyl = f;Jrc
L tnla-tloasd| = ¢

A
—JLLV‘ ERS) zC

| -t _ 4 )
3 Lm]o\»é\ll " 20 QLM75

lw [A-Cv ] = -2t 4 Lu1-5
lo
L 196 ] —0:2t+Lln? S
a-6V - (C-D'Zt)(—c\.mq'g)
g-6Lv = 7-56,_'0'3lr
~o0-3F%
V=t (a-25e )
2 S -0t
i N = - -=€ = }- = S _
Given that 2% P > Q > K=o

e the capacity of the container is 2 m3
e the tap remains open
¢ the water continues to flow into the tank at the same rate

(c) determine whether the container will ever become full, giving a reason for your answer.

AS £ 20

—-0-%%
- 0O

3
LN S

£ So  the Clontaiwes il neses [:e,Cow-eo ?uM,

o lw

(Total for question = 9 marks)
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Q18.

In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

YVa |

=y

)
1 &
Figure 3

Figure 3 shows a sketch of part of a curve with equation

(x=2)(x—4)

p= — x>0
) 4‘\/-\‘ X

The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.

Find the exact area of R, writing your answer in the form a2 + b, where a and b are constants to be
found.

j — oc ¥ G +% To £ Llwa TS
oc ™ A 4 zo
) = -D’LT?; _ bx ~ 5 (oc -2 ( 9e-«D=0
ax * 45 Iry, qrac‘/z !

S =2 P
%

2 ~'5
‘J = 915

i
— 15X+ Ax

L_(;

Ly
R = S 095 %
2

Z ( -l
st AL ? Yo

S/ %
V\:[O-LIS:)C - & f

l/z
1'% 2C + 2ac
5/2 'S/L /2

=~
r.i.

2

Q= [O'I (a’a’c)s - (J’i>3+ ‘Pﬁc]

3 _\S 3
Az fo (@Y - (%) ww ][l m - (3) F 07
- 16 _ | 2 _ —
R= [_‘a: - E %] [gﬁ 2 +thlj (Total for question = 6 marks)
e -2 b (Q08 9MA0/02, June 2022)
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Q19.

Figure 2 shows a sketch of part of the curve C with equation y = x In x,

'

Figure 2

The line /is the normal to C at the point P(e, e)

x>0

The region R, shown shaded in Figure 2, is bounded by the curve C, the line / and the x-axis.

Show that the exact area of R is Ae? + B where A and B are rational numbers to be found.

Y 2 clunag 4= otlnac
Afn:n 'Jlf—ll.\f'-i-vu'
¢ = xlux LS Vvailn¥
7. 90=0 LaX 20 N e ey W,
e =4 €
\ dy A
— = =)+ Lnx
S Xinae dac dat ( L)
¢ d
hea= 4 ¥ Lunae
jmlu = w - lvdu doe
kL L= - Lalue
wzlude ovz acadie T
\ MT = 4+1 =79
o ]d\! = J]LJ'H: 4
T o "M, = 5 At (e,0)
1
Y = ot .
Lodus n.l-‘-" T = £ @ wed 1O Movvaed,
st > v | .‘—
e Y- = ~ [n-2)
o - ‘.H'—‘ Els x
5 - - = -'-'i Cx-e)
L e
\( swbasc e = =: Lw ot 'J T oboe —2e = —3t4+e
! e w = e+t
t z o s¢c = 3&
I ':r_l,.,qal'-d,[_ = ’i Lwnac - 8
1 1 %
i
[ [,,, e.L =¥ i" 4 .11.)
W == e | s P
ll xdx (a b t ) ( 3 ¥
L L * +
S wlwedse = e_’.-“‘_“ -~ Ly X ¢ +_j_'
2 % % % L3

Arer o} beiomsle

bade

Je-¢c =9¢
ho:ahﬁ"— <

A€ x e

Avea o A =

Avea LA

I\

n
£l0

+
| L~

€ |l
(4]
-+ |}~

|

(Total for question = 10 marks)
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Q20.

A spherical mint of radius 5 mm is placed in the mouth and sucked.
Four minutes later, the radius of the mint is 3 mm.

In a simple model, the rate of decrease of the radius of the mint is inversely proportional to the square of
the radius.

Using this model and all the information given,

(a) find an equation linking the radius of the mint and the time.
(You should define the variables that you use.)

let t 2 time midk koS been tn wondh v miwddes
e vz vadlus o widb afres fTime  Tin m

2
- D_kf - B (%) _ gl — \Z,_?
o\'t r'L 3 - 2
_rYde = |1kd¥ N A
g ‘ j e = Le[ r .= 3 ]
_ﬁ's - K¥ tC K- 49
$ b
"(5)3 - C 1
5 s, BT T
c = -\15 32 &6 3
5
) _f = ]4“7—"25
3

(b) Hence find the total time taken for the mint to completely dissolve.

Give your answer in minutes and seconds to the nearest second.

Cow‘c\LU\ﬁfj o“%%gl,d-@c)- ot v =0 0-10204-X o v. C} SeCond S
RO SO )
E 3
'}7: l_)_‘:\)c E_
3 %9
t = 5.00204...- t:9 M{W,jce,s (;7 SCCDV\CI.S

(c) Suggest a limitation of the model.

“he  wodel oQoe,s ot Consdev Yo “T@N\f—&foxm %#%% Mmoubta -

(Total for question = 8 marks)
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Q21.

1 b }

/ 0 R,

\
— |
ER 4

Figure 2
Figure 2 shows a sketch of part of the curve with equation y = x(x + 2)(x — 4).

The region R1 shown shaded in Figure 2 is bounded by the curve and the negative x-axis.

20
(a) Show that the exact area of Ry is 3

To -FI‘V\J Lim £S , 4:=0
O — 2c¢Cax+t)(awx-¢)

“- 2 =0 o =-2 D =%
J J

%
A, :J o¢ (acr2)oc-%) e
A
¢
A= & o0 25— %ot dat
l
-2
o
¢ 3 2
R = oL 20—k :1
( —:{: 3 -2

RS A
R = Od((‘i’) ,3(23 ' >

g - 0-("%)

|

‘o
o

A, =

\ wl



1

The region R, also shown shaded in Figure 2 is bounded by the curve, the positive x-axis
and the line with equation x = b, where b is a positive constantand 0 <b < 4

Given that the area of R; is equal to the area of R
(b) verify that b satisfies the equation

(b +2)2 (302 = 20b + 20) = 0

P\l:—ﬂa_’-a;g 2 2 1
3 o:('o Fyb* 4 )(3b - 20b+20)
— 2o _ b % o o L 7
- — \JDL — 29 — Y¥ocC O - (b,‘_:z) (_Bb /QVO‘DTQIOB
0
2
o F ot 1kl MOL] Shown -
2o [F e,
-20 w2ty
3 4 3
¢ s v
- %0 = 3b —%[0 "'q'%l‘)
o = LY - &b -8k £5O

(b2 ts o factov
b2 gt Ny o factor

3k ~20L +20
Laeh % [ 3% _gp? gL ” rob 9O
~(36% v 20} w1ab?) )
—p0b} _ (el +0b

- (- lol? — %ol” < S S

206> + %ok TEO
206" + Sob £&FO

The roots of the equation 3b?> —20b + 20 = 0 are 1.225 and 5.442 to 3 decimal places.
The value of b is therefore 1.225 to 3 decimal places.

(c) Explain, with the aid of a diagram, the significance of the root 5.442

¢ t o &. (728 [
Area b 5 —amis Is ncao«rv‘d’e bewg, Avor OF S 4¥ ) o nel avte

¢ —an's awsl n ('ve belocy
abdeh  actomtS 7£'W 905,75,\”5 wove Tle ¢ n's W

He OC — ol O peSudtS o~ "9:5 . See Sicetth bedoro -

) +\Ve

(Total for question = 10 marks)
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Q22.

3
(a) Express (2x=D(x+1 in partial fractions.

2 - A~ . b
(2%_,) (et 2oc-1 e +1
2 = A(te) £ B ()
VA A¥ =zl
3 = -3b 3= -5k
Qp - "_i A’ = 2’
3 A A

(lac—l](ocJ—i) 2ac-1 sc+l



When chemical A and chemical B are mixed, oxygen is produced.

A scientist mixed these two chemicals and measured the total volume of oxygen produced over a period
of time.

The total volume of oxygen produced, V m?, t hours after the chemicals were mixed, is modelled by the
differential equation

a . W
dt (2= +1)

where k is a constant.

Given that exactly 2 hours after the chemicals were mixed, a total volume of 3 m? of oxygen had been
produced,

(b) solve the differential equation to show that

_3@t-1
% (t+1)
v BV
dt  (ax-D(t+1)
2 At
L du =| —————
N JO’V—QHHB
D— 4
Ly = - = d7
\Y 2t — | + 41
v = Lalae-t[ —lultrdee
1+ |
twv = Lwn \ R \ ¢
- 2
LV\?J = Ln l T +C
ng - Ln | +C
C = Ln 3
_ P |
ln V= Lmlﬂl \ng
lwv = Ln \%Vcﬂ\
vl
LV Lw LL—‘L&:Q‘
e = €

pLav-D

t Shown -



The scientist noticed that

o there was a time delay between the chemicals being mixed and oxygen being produced

o there was a limit to the total volume of oxygen produced

Deduce from the model

(c) (i)

(ii) the limit giving your answer in m?

the time delay giving your answer in minutes,

0= 2t-|
v = 0'5 howrs

) At Voo,

Tiwme nyl,cij 'S 30 mindbed
[C} Ao £ >
NV = Lwm®

The Umt +to total yohume J} o2 Jen

\DVDCJAALE/CL \\ 9 C”W\%

(Total for question = 10 marks)
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Q23.

" 2
lim —ox
dx—0 X

(a) Express =21 as an integral.

2 dx

C

Y

(b) Hence show that

6.3
. 2 fip
lim —ox =Ink
dx—0 x
x=2.1

where k is a constant to be found.

b-3

2J L dxe = Lalc
i

2-
-2

9_[ LV\DL];-| >lwls

2 Lw \E,%‘ = Lule
2Lwn 5 = lnlkk
b 35 = L

L =4 (Total for question = 3 marks)
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Q24.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable
(a) Find the first three terms, in ascending powers of x, of the binomial expansion of

3+x)7
writing each term in simplest form.

(3+02) "
-1
[3C1+ ) |

-1 1A
3 (H—?

eSS
n=-2
X= %

—
+
[VERT
~—
1

1 or (-0(E) « N (L) +

2
-1
(RS DEEEE T A T



)

(b) Using the answer to part (a) and using algebraic integration, estimate the value of

04 ().\' . d\.
o (FFEX);

giving your answer to 4 significant figures.

0%

-2
_T_:J Goc (3426 doc
0-2
— o- | 2ac N
)
0-2
. r 3
AR e e
0-2 L q
3 0
L 2.7 |, % I 2
—_ —xZx —-lx=Z +Lx=X
T - [;"a At e X
8-
— DC,L__ 40 }_i o
[ - = 1
~ 3 27 | %

z {(o'q')l I ¢ (O-q,)l + (_0‘43*] i (0.1) —

3

3
g (0-2)
27

l.lf
(o-2)

[ €




(c) Find, using algebraic integration, the exact value of

04 6_\‘ . d\
i 3+ x)°

giving your answer in the form a In b + ¢, where a, b and ¢ are constants to be found.

T = JO-L‘J bx 4

0.2 (_3'\'{31
1eb w= 3%t e = wu-3
_é‘,u_\' -1 c}‘m = e

dac /

U, = 3-{-0"“’:2'4'
w, = 3r02 =32

1= = - = du

3 % *

3 _
sz*i—wul,,m

3.2 “

AT

T o= [C,vat —H‘Bu—}
L 39

—_—

I_ - (LLV\ 34 ‘\"_E _(Qbmg-l'\- (YB

3 b
— . 3 45
Loe o bwlER] - R
Y I
a=>0t ¥ - c = 4>
o 136

(Total for question = 13 marks)
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Q25.

™ N Diagram not drawn to scale.

1.5m

Hm

"""""" R

Figure 2
Figure 2 shows a cylindrical tank of height 1.5 m.
Initially the tank is full of water.
The water starts to leak from a small hole, at a point L, in the side of the tank.

While the tank is leaking, the depth, H metres, of the water in the tank is modelled by the differential
equation

A o 012
dt

where t hours is the time after the leak starts.
Using the model,

(a) show that

where A and B are constants to be found,
—o0-2t
i{:l— - —0-12¢ °
at
—0-2t
J drz= - (VA \7—J6 Dl"b

—o-2t
l+ - —o'l2 x _\/- € + C
-0-2



(b) find the time taken for the depth of the water to decrease to 1.2 m. Give your answer in hours and

minutes, to the nearest minute.
-0 1Y
-2 = 0o-6be
—o-2t
0-2 = 0'Le
—o-1*
Q-5 - &
~p-2Y
Lno-% = ln €

Ltk 0°9 = -—o-Lt

t - LV\O'S
-O0-70

c = 3-'-]—‘;5-—).--.

- o

0-4l€) ... xbo =R ¥ wmiwdtd

= Bhows LF  wiwdes

In the long term, the water level in the tank falls to the same height as the hole.

(c) Find, according to the model, the height of the hole from the bottom of the tank.

~0 2T

= 0-66 A+ 0-9

t —>0
-0-2F
e —> O

Ht —> 04

holgti o] Hhe hole 1

O T m

(Total for question = 8 marks)
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Q26.

VA

\

O 4 o0x 9

'f‘.v

Figure 3
Figure 3 shows a sketch of the curve with equation ¥ = Jx
The point P(x, y) lies on the curve.

The rectangle, shown shaded on Figure 3, has height y and width ox.

Calculate
9
l' ,(‘.
()Z\'lil(l z \/: &
x=4
T
/y
T - j o e
q-
3/ 9
s[4 ]
- ¢
> Y
T - Z(a) T - Eled?

(Total for question = 3 marks)
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Q27.

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

- 2 k

Figure 3 shows a sketch of part of the curve with equation

35

Lo - - - _ -

y=+2x-17

=V

The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis, the y-axis and the line with

equationy =5
Find the exact area of R

At 4y =5 , S = [2se-)

S = 2 -)
2oc = 32
1w = 16

Aeen @ \reo‘l?owije 2 16X5=%0

/-\—L’n:_oJ 0= o

© = Lo -)
be =)
w=135
AV& fo‘twcw\ = [(0(2 _))
( c~
Cowvet and W-oaeiS b ’

-
\1
l
—
| &)
(8]
[
\
-~
[—
(%)
~
S
e

/y
dac

3/1
— - 2| -
o= [—gx_l [Mc ’)] ]

\

\l

i l—s [[ 1(1@3-')32/1—C’-f3"53"7)

(Total for question = 6 marks)
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Q28.

Find

. y 3
H X' —6x2 -3 |dx
\ |

/

giving the answer in simplest form.

S 3/2
L ey — 22 +C
5

3 3/9_
X 4 -2 +C
5

(Total for question = 4 marks)
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Q29.

2.89

Jx

lim ox

(a) Express =YY  asanintegral.
289
2 dax
e
44

(b) Hence show that

where k is an integer to be found.

lim

dx—»0

289

z : 2
T().\- =k

x=1.44 .

(Solutions relying on calculator technology are not acceptable.)

l?‘1 _|[1
A dC Joc

T o- j
o
2%

L - [ 4 DCVI ] [-4¢

I l
T - 4[1-%01)Z - Lf,(]-Ll-Lg>L

(Total for question = 3 marks)
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Q30.
A balloon is being inflated.
In a simple model,

e the balloon is modelled as a sphere
o the rate of increase of the radius of the balloon is inversely proportional to the square root of the

radius of the balloon
At time t seconds, the radius of the balloon is r cm.

(a) Write down a differential equation to model this situation.

dr _ K
at Jv

At the instant when t =10

o theradiusis 16 cm
e theradius is increasing at a rate of 0.9 cm s

(b) Solve the differential equation to show that

dv _ Kk 0 &
— — JR—— o( = —_—
dt I e
v dv = |cdt A= 4X0-9
K= 3¢
j(lll dv ‘-SKOH”
2 3
—l-( - Kt 4+C
2 %,
—afr = 3.6¥ +C

Y,
23. (1LY = 2.¢(V+C

LY
C = ’93'('_1(.,3 v 36



(c) Hence find the radius of the balloon when t = 20

Give your answer to the nearest millimetre.
L%

(5-4(20) + 1o)

11

.
= 24-05773139.... cwW

2 24%-1 (w

(d) Suggest a limitation of the model.

TLH, [;)OJ.LOOV\ V\/\M:] berS'L/ a5 & Cowwob Ke’&? ‘\“gl“ﬂ"j f@)V{NW-

(Total for question = 9 marks)
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Q31.

Find
1
JAx:(Zx—S) &
&
writing each term in simplest form.
LA 'y
D b 1
3 3
202y _ 2,50 4
5 3 3 3
4 A o A
— - — 2 +C
5 9

(Total for question = 4 marks)
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Q32.

Lo 4

Figure 3
In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve with equation

y=8x—x x>0
The curve crosses the x-axis at the point A.
(a) Verify that the x coordinate of A is 4
Av K 328 (q) - (>
3=32-32
J=0 s |, A s (4,0)
The line /1 is the tangent to the curve at A.
(b) Use calculus to show that an equation of line /1 is
12x + y =48

2

S,
Y= % - ¢

oly Y
- o 3 2
;[;c'c‘ -

W@ = 3/
N\Ll-c‘ ,%(q—‘)z-:.-ii

y-y, = M e-2t)

-42(%-%)
=4 29 4%

n

y-0
4

L2, vy = q
_.—-———_/”'::-:-

"



The line > has equation y = 8x
The region R, shown shaded in Figure 3, is bounded by the curve, the line

(c) Use algebraic integration to find the exact area of R.

o ‘:(';ML \"o:.n.t W\m l-’l pnde L et .

1253 + Bre =¢%

A0 3¢ —49g
'Jf, :qu,
9= $X24=19

hoee A -L—v-:wju = 4 x \a-2

Aien undey (vt = q’j‘ %o - chh da

[43® - %aaq”"]:
[4ln™= 2™

@9
=

fvea andev  Cowrve

.
i

R- IsY4

5

=

/1 and the line I»

= [4 (o>~ % cof’»]

(Total for question = 9 marks)
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