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5. Given that

12
f(x)=2x+3+—2, x>0
242 X

2
show that [ f (x)dx = 16 + 3v/2
1 )

SHINIZLMIONO

(Total for Question 5 is 5 marks)
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4. Given that a is a positive constant and

2(1 +
J' %dr = In7

a

show that a = Ink, where £ is a constant to be found.

C))

(Total for Question 4 is 4 marks)
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2 4

o 1 3
Figure 4

Figure 4 shows a sketch of part of the curve C with equation

x’In x

y= -2x+5, x>0

The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with
equation x = 1, the x-axis and the line with equation x = 3

The table below shows corresponding values of x and y with the values of y
given to 4 decimal places as appropriate.

X 1 1.5 2 2.5 3
y 3 2.3041 | 1.9242 | 19089 | 2.2958

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of S, giving your answer to 3 decimal places.

(b) Explain how the trapezium rule could be used to obtain a more accurate estimate for
the area of S.

. . a
(c) Show that the exact area of S can be written in the form — + Inc, where a, b and ¢
are integers to be found. b

(In part c, solutions based entirely on graphical or numerical methods are not acceptable.)
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Question 14 continued

GRS

REELEE
NCEHIES

e

14.4


M
14.4


Sample 2018 AL P2

7~

9. Giventhat A is constant and

j14(3& + AJdx = 24

show that there are exactly two possible values for A.

(5)

(Total for Question 9is5 marks)
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15.

e

Figure 4

Figure 4 shows a sketch of the curve C with equation

3
y=5X"_9x+11,x >0

The point P with coordinates (4, 15) lies on C.

The line | is the tangent to C at the point P.

The region R, shown shaded in Figure 4, is bounded by the curve C, the line / and the
y-axis.

Show that the area of R is 24, making your method clear.

(Solutions based entirely on graphical or numerical methods are not acceptable.)
(10)
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(Total for Question 15 is 10 marks)
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16. (a) Express __ 1 in partial fractions.
P11-2P)

A population of meerkats is being studied.

The population is modelled by the differential equation

d—P—iPll—ZP t>0 0<P<55
a 22 ( ), 120, '

where P, in thousands, is the population of meerkats and t is the time measured in years
since the study began.

Given that there were 1000 meerkats in the population when the study began,

(b) determine the time taken, in years, for this population of meerkats to double,

(c) show that
P A

1

B+Ce 2

where A, B and C are integers to be found.

3)

(6)

3)
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1. Find

Answer ALL questions. Write your answers in the spaces provided.

§x3—6\/§+1 dx

giving your answer in its simplest form.
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Figure 4

Figure 4 shows a sketch of part of the curve C with equation

32
y=;+3x—8, x>0

The point P (4, 6) lies on C.
The line | is the normal to C at the point P.

The region R, shown shaded in Figure 4, is bounded by the line |, the curve C, the line
with equation X = 2 and the X-axis.

Show that the area of R is 46
(Solutions based entirely on graphical or numerical methods are not acceptable.)
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7. Giventhatk e Z*

3k
(a) show that j
k

2k
(b) show that j
k

2

———dx isindependent of k,
(3x - k) P

2

de isinversely proportional to k.

(4)
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10. The height above ground, H metres, of a passenger on aroller coaster can be modelled by

the differential equation

dH  Hcos(0.25t)

dt 40

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

(a) show that H = 5¢°1sn©25)
(5)

(b) State the maximum height of the passenger above the ground.

(1)

The passenger reaches the maximum height, for the second time, T seconds after the start
of theride.

(c) Find the value of T.
(2
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Question 10 continued
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10. 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 asimple model, the rate of decrease of the radius of the mint isinversely proportional
to the square of the radius.

Using this model and all the information given,

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

5
(b) Hence find the total time taken for the mint to completely dissolve. Give your
answer in minutes and seconds to the nearest second.
(2)
(c) Suggest alimitation of the model.
(1)
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Question 10 continued
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13.

Figure2

Figure 2 shows a sketch of part of the curve C with equation y = xInx, x > 0
Thelinel isthe normal to C at the point P(e, €)
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 Ris Ae? + B where A and B are rational numbers to be found.
(10)

S
o
ol
LA
S

-
n
>
i

SRS

g
5

5K
R
SRS

’Q
i

o
S
it

e
S

e

(X
4o
<

L
<

e

otetede!

s
) n,::
o

b
&
QRG

LA,
Potetets!



iPad Pro 12.9" 5
June 2018 AL P2

M
14.19


4 \

Question 13 continued
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3. (a) Given that K is a constant, find

simplifying your answer.

(b) Hence find the value of k such that

i+kx dx

+ kx [dx=28

(€))
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<V

Figure 3
Figure 3 shows a sketch of part of the curve with equation
y=2x>— 17x + 40x

The curve has a minimum turning point at X = k.
The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis and the line
with equation X = k.

256

Show that the area of Ris T

(Solutions based entirely on graphical or numerical methods are not acceptable.)
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Question 13 continued
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Yy A

4 4

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

The region R, shown shaded in Figure 2 is bounded by the curve and the negative X-axis.

(a) Show that the exact area of R is %

(C))

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 constant and 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)" 36— 20b+20)=0
C))

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
(2)
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Question 8 continued

KKK
S sesesess
Sosegatile!
SRS
505585

55
53
RIS
5

<
boses
9
KRS

XL

s

‘§
029
10

OO
S5
RE
LE:
o8
RRKK

TXXX]
XHKR

QQEEARR
OSSR
SAREA

CREEZLR
XKL ERKL

-

0
020

OO
Roteteletotoletede!
N R
I\
o
5

09t
<4

=2

e
05

QOO
%

boded et
KB
KRR

RAERS
a0

O
RS
?po

%%
o2 et e
RS

Sy
LRI

2%
R

<
%
ol

RO
K
e
A
(s
3%

5

2900
2958
<
3
9058

22
SN
$20%

%

A
%
]
XA

%
o
X
%

K

%

5
&
S

\

0
5

<>
¢!

P
%5
%!

<>
5

3
=)

< X

QKX
&?&ﬁﬁf
)
<8
3

»10.4’
9%
IR

e 20

<6 66X
SELIRAELLRKEL,
o % g
<N

5
%

OS>

RIS
()
X2

950
9%
S5
o
558

X

SSNIN X
e ocidnateletoly:
LRI

CERRKERIKEL

X GEIRRLAIRLEA
090009000000 00000000 %
%

QEGREIHIRS
SRR,
CRRIILKILS
SRRRASIIGES
RIIRKLCRKS

<
< RIKAARKAARKA

14.25


M
14.25


— June 2019 AL P1

s

13. The curve C with equation

y = p =3 XeR X# -3 X#2
(2x = g)(x + 3

with equations X =2 and X = -3
(a) (i) Explain why you can deduce that q =4

(i1) Show that p =15

y A

XV

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 aln2 + bln3, where a and b are rational
constants to be found.

: 1 .
where p and q are constants, passes through the point | 3, > and has two vertical asymptotes
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Question 13 continued
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2. The speed of a small jet aircraft was measured every 5 seconds, starting from the time it
turned onto a runway, until the time when it left the ground.

The results are given in the table below with the time in seconds and the speed in ms™'.

Time (s) 0 5 10

15

20

25

Speed (ms™) 2 5 10

18

28

42

Using all of this information,

length of runway used by the jet to take off.

(a) estimate the length of runway used by the jet to take off.

Given that the jet accelerated smoothly in these 25 seconds,

(b) explain whether your answer to part (a) is an underestimate or an overestimate of the
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S.

Xy

Figure 3
Figure 3 shows a sketch of the curve with equation y = Jx
The point P(X, y) lies on the curve.
The rectangle, shown shaded on Figure 3, has height y and width oJx.
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14. (a) Use the substitution U =4 — Jh to show that

dh
Nt -81n|4 — vh|-2+vh + k

4—+h

where K is a constant

0% =i
g
%

(6)

A team of scientists is studying a species of slow growing tree. Sy
Sx
K

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

KRB,

dh 103 (4 _ \/ﬁ) i

dt 20 e

where h is the height in metres and t is the time, measured in years, after the tree is planted. 555

(b) Find, according to the model, the range in heights of trees in this species. 55
) B
One of these trees is one metre high when it is first planted. s

According to the model, S

(c) calculate the time this tree would take to reach a height of 12 metres, giving your oo o
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7. Given that k is a positive constant and

(a) show that 3k + 5vk —12=0

k

1

(4)

(b) Hence, using algebra, find any values of k such that

i+3 dx =4

2Jx
(4)
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~

10.

g(xX) = 2x* + x* —41x - 70
(a) Use the factor theorem to show that g(x) is divisible by (x —5).

(b) Hence, showing all your working, write g(x) as a product of three linear factors.
The finite region R is bounded by the curve with equation y = g(x) and the x-axis, and

lies below the x-axis.

(c) Find, using algebraic integration, the exact value of the area of R.
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e

10. (a) Use the substitution x =’ + 1 to show that

10 q

3dx 6 du

where p and q are positive constants to be found.

(b) Hence, using algebraic integration, show that

10

3dx
s (x=1)(3+ 2/x-1]

where ais arational constant to be found.

s (x=1)(3+ 2Vx-1] ~J uE+2y)

(4)

(6)
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14. A large spherical balloon is deflating.
At time t seconds the balloon has radius r cm and volume Vem®
The volume of the balloon is modelled as decreasing at a constant rate.

() Using this model, show that

dr k

E: r

where k is a positive constant.

Given that
e the initial radius of the balloon is 40 cm
e after 5 seconds the radius of the balloon is 20 cm

e the volume of the balloon continues to decrease at a constant rate until the
balloon is empty

(b) solve the differential equation to find a complete equation linking r and t.

(c) Find the limitation on the values of t for which the equation in part (b) is valid.
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r

1 The table below shows corresponding values of x and y for y =

The values of y are given to 4 significant figures.

1+ X

X 0.5

1

15

2

25

y | 05774

0.7071 0.7746

0.8165

0.8452

(a) Use the trapezium rule, with al the values of y in the table, to find an estimate for

25
J ‘/L dx
1+ X
0.5

giving your answer to 3 significant figures.

25
(b) Using your answer to part (a), deduce an estimate for J ‘/1i—xx dx
0.5

Given that

2.5

/ 9x

—— dx =4.535 to 4 significant figures
o5 V1T X

(c) comment on the accuracy of your answer to part (b).
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7

8. A curve C has equation y = f(x)

Given that
e f'(X)=6x2+ax—23 where aisaconstant
e theyintercept of Cis —12
e (x+4) isafactor of f(x)

find, in simplest form, f(x)

(6)
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(

12.

<V

Figure3

The curve shown in Figure 3 has parametric equations

T
2
The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.

X=6sint y=5sn2t 0<tK

(@ (i) Show that the area of Ris given by j2609n1w§tdt

0

(if) Hence show, by algebraic integration, that the area of Ris exactly 20

YA

XV

Figure4

Part of the curve is used to model the profile of a small dam, shown shaded in Figure 4.

Using the model and given that
e xandy arein metres
e thevertical wall of the dam is 4.2 metres high
e thereisahorizontal walkway of width MN along the top of the dam

(b) calculate the width of the walkway.
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3. Find

writing your answer in simplest form.

3x'-4

2x3

dx

(4)
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9. Find the value of the constant k, 0 < k < 9, such that

9

6

dx =20

(4)
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14. A curve C has equation y =f(x) where
f(x) =-3x°+ 12x + 8
(&) Write f(x) in the form
a(x+b)*+c

where a, b and ¢ are constants to be found.

The curve C has a maximum turning point at M.

(b) Find the coordinates of M.

<V

Figure3

Figure 3 shows a sketch of the curve C.

The line | passes through M and is parallel to the x-axis.

The region R, shown shaded in Figure 3, is bounded by C, | and the y-axis.
(c) Using agebraic integration, find the area of R.

3)

2)

(5)

SLRRK
LR
Joteotetess

&S5

R SRR LRSS
kY

%
IR

<
5
20%%%
o
%

o
QM

ORI
KON

o

0
R ERRLIZRIKE
PIRINstettgerotetets
XKL
CREHHXKA

SRS

0>
<
é’
55
<5
K

)
LK
o, -
X ¥
%
%

XQRQRRLQRRQRLY
S5
AR

&
L
SOSHBESS
QRISRKY
R
K
LTS

14.50


iPad Pro 12.9" 5
October 2021 AS P1

M
14.50


ORRLLE
RRRERRILLRLLS:
RIS

poss ggﬁﬁﬂﬁ&&&&&&%&
0%
CRRHIIGLELRKAEISS

RRHLRLLALT RS

CRLRLLRRZRIRRKLRSL

%
S
N
RS
5%
XK

<
Sebete
KSR
20%6%0%%

<
RE!
R

o \ B
SSnatesezaledeet
dotetetelotetetete%

RS
BYONIL

R R IR LR

(>
e

RIS

<

<55

9.0 0009 0 00000090000
X XK

<K

<X

5

O

SR8
09

50

ORI

X

LIS
I IILRIILKE
LZRLRRRRIRRLRIRRLRLLRS

.0
e
25
<5
XX

Q
S8
288
i ";

.

OO
RS,
Ststototetetes
sga(«o,o
SINEA
GG
RRLRLLRLS

%
L

SRS

K EEIRELEIREIKLELRKL

R
R RIIELLRKIRRIIELLK K
oo ote o tetotetetotetetetetotetoteted

X EIRLLEIILLEIRLE

IR

2
B0
S
LIRSS

(X
otols
Ko
BXS
CRREILS

X

9%
P!

o208

5
5%
25

R
255
5

ﬁ?%é?%
g&%&%
SRS

<
’:
<K
K
KK
R

%
0%
o%
2
%
<

Question 14 continued

14.51


M
14.51


— October 2021 AL P1

s

r

1.

XV

Figure2

Figure 2 shows a sketch of part of the curve with equation
y=(nx)® x>0

The finite region R, shown shaded in Figure 2, is bounded by the curve, the line with
equation X = 2, the x-axis and the line with equation X = 4

The table below shows corresponding values of X and y, with the values of y given to 4
decimal places.

X 2 2.5 3 3.5 4
y 0.4805 0.8396 1.2069 1.5694 1.9218

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of R, giving your answer to 3 significant figures.

©)
(b) Use algebraic integration to find the exact area of R, giving your answer in the form
y=a(in2)*+bin2+c

where @, b and c are integers to be found.

(5)
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7.

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

Solutionsrelying entirely on calculator technology are not acceptable.

YA C

2

P(5, -13)

Figure2
Figure 2 shows a sketch of part of the curve C with equation
y=x3—10x* + 27x — 23

The point P(5, —-13) lieson C

Thelinel isthe tangent to C at P

The finite region R, shown shaded in Figure 2, is bounded by the curve C and the linel.

(c) Use algebraic integration to find the exact area of R.
(4)
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where p and g are constants to be found.

(b) Hence show that

16

o 1+Vx

where A and B are constants to be found.

dx =

X

12. (a) Usethe substitution u=1++/x to show that

q 3
2u-1J
T du

p

dx=A-BIn5
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14.

< 8m >

Figureb

Water flows at a constant rate into a large tank.

The tank is a cuboid, with all sides of negligible thickness.

The base of the tank measures 8m by 3m and the height of the tank is5m.
Thereisatap at apoint T at the bottom of the tank, as shown in Figure 5.

At time t minutes after the tap has been opened
» the depth of water in the tank is h metres
» water isflowing into the tank at a constant rate of 0.48m? per minute

» water is modelled as leaving the tank through the tap at arate of 0.1hm? per minute

(&) Show that, according to the model,

1200@ =24 _5h
a ~ =

Given that when the tap was opened, the depth of water in the tank was 2m,
(b) show that, according to the model,

h=A+Be"“

where A, B and k are constants to be found.

Given that the tap remains open,

(c) determine, according to the model, whether the tank will ever become full, giving a

reason for your answe.

(4)
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Question 14 continued

14.58


M
14.58


June 2022 AS P1

7

1. Find

giving your answer in simplest form.

8 — ——

+ 5|dx

(4)
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10.

<V

Figure2

I'n this question you must show all stages of your working.
Solutionsrelying on calculator technology are not acceptable.

Figure 2 shows a sketch of part of the curve C with equation

1
y:§x2—2\/§ +3 x>0

The point P lies on C and has x coordinate 4
The line | is the tangent to C at P.

| has equation

13x—-6y—-26=0

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

(b) Find the exact area of R.
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4. (a) Express Shn%) —OX as an integral.
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12. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Show that
e2

XInxdx=ae +b
1

where a and b are rational constants to be found.
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16.

<V

Figure 6

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

T
X = 8sin’t y=2sin2t + 3sint 0<t<5
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 Ris given by

a

(8 — 8cos4t + 48dn2tcost)dt

0

where a is a constant to be found.

(b) Hence, using algebraic integration, find the exact area of R.
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5. The table below shows corresponding values of x and y for y =log,2x

The values of y are given to 2 decimal places as appropriate.

3

4.5

6

7.5

9

2

2.26

2.46

2.63
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76 )
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Tttt

[ON €
X
s

y 1.63

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

9

log, 2x dx
3
©)
Using your answer to part (a) and making your method clear, estimate
9
(b) (i) | log,(2x)" dx
J3
9
(i) | log,18xdx
J3
©)
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Question 5 continued

(Total for Question 5is 6 marks)
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8.

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

Solutions relying on calculator technology are not acceptable.

YA

<V

Figure3

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

:—(x—i/(;—@ x>0

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, whereaand b are

constants to be found.

(6)
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Question 8 continued
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14. () Express 3 in partial fractions.
(2x-Y(x+1
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, Vm?®, t hours after the chemicals were mixed, is
modelled by the differential equation

dav 3V

= V> >k
at (- D+ 0t

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(2-9)
S (t+))
The scientist noticed that

» there was atime delay between the chemicals being mixed and oxygen
being produced

e there was alimit to the total volume of oxygen produced
Deduce from the model
(c) (i) thetimedelay giving your answer in minutes,

(i) the limit giving your answer in m*

3)
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Question 14 continued
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2.

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

Using the substitution u = Jx or otherwise, solve

6X + 7//x —20= 0

(4)

)
_00_
S8
Sk

5
ofeles

4o
X

o

b
5
55

SO
IR

S‘
N '53’ [
I
0.0 .0

N
AW A
LRI

o
S

-
-~

R
-
SRR

&

SRS

S

-

%
=

%

-
2

s

Ror

iyt
.g"‘v.,-
e

O
el

P - ot
yravaly

S &
T ‘)‘
Mo 2
e aloelel
R

S
N
Sl
feles

S
25
<
255

5
S
55

(>
4o
X

Xt
S5
bytetet

0 0.0
50555



iPad Pro 12.9" 5
June 2023 AS P1

M
14.72


June 2023 AS P1

r

5.

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

Solutionsrelying on calculator technology are not acceptable.

y y=4x°+ 3

<V

Figure2

The finite region R, shown shaded in Figure 2, is bounded by the curve with equation
y = 4x? + 3 the y-axis and the line with equation y = 23

Show that the exact area of Ris k\/g where k is arational constant to be found.

(5)
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16. A curve has equation y = f(x), x>0
Given that
o fI(X)=4x+ av/x + b, where a and b are constants
« the curve has a stationary point at (4, 3)
» thecurve meetsthey-axisat -5

find f(x), giving your answer in simplest form.

(6)
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1. Find

writing each term in simplest form.

2 —
X2(2x-5) dx
3

(4)

J
o
i

°
S
i

%
oS

&
S
25

oo
o
%5

o
1
308
.0

e

L
2
el

oS

4o
X

%‘t\
SRt
s

]

(]
e

(20 I X
KR


iPad Pro 12.9" 5
June 2023 AL P1

M
14.75


—_— JuUne 2023 AL P1

r

5. A continuous curve has equation y = f(X).

The table shows corresponding values of x and y for this curve, where a and b
are constants.

X 3 32 | 34 | 36 | 38 4

y a 16.8 b 202 | 187 | 135

The trapezium rule is used, with al the y values in the table, to find an approximate area
under the curve between x =3 and x =4

Given that thisareais 17.59

() show that a+2b =51
©)

Given aso that the sum of al they valuesin the table is 97.2

(b) find the value of a and the value of b
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5. Thecurve C has equation y =f(x)
The curve
* passes through the point P (3, —10)
* hasaturning point at P

Given that

ﬂ=2x3—9x2+5x+k
dx

where k is a constant,

(a) show that k=12

(b) Hence find the coordinates of the point where C crosses the y-axis.
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10.

3kx — 18

a2

where k is a positive constant

() Expressf (x) in partial fractionsin terms of k.

(b) Hence find the exact value of k for which

J_lsf (%) dx = 21

©)

(4)
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A tank in the shape of a cuboid is being filled with water.

P
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S

The base of the tank measures 20m by 10m and the height of the tank is 5m, as shown
in Figure 1.

-
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S
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At time t minutes after water started flowing into the tank the height of the water was
hm and the volume of water in the tank was Vm®

5

5
33

SIS
SR
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In amodel of this situation

<
%
e

» the sides of the tank have negligible thickness
» therate of change of V isinversely proportional to the square root of h

(@ Show that
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dh _ i Q'::E%::’

- = e
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dr h e

where 1 isaconstant. SR
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Given that 558

&
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25

ool

» initidly the height of the water in the tank was 1.44m

« exactly 8 minutes after water started flowing into the tank the height of the water 3"‘j:"’
was 3.24m . ‘%:::ii:

(b) use the model to find an equation linking h with t, giving your answer in the form §0- 82

h2 = At + B 2k

where A and B are constants to be found. z'.vi-?:t.
b
(5) o

(c) Hencefind the time taken, from when water started flowing into the tank, for the SR
tank to be completely full. Dt
2 e
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Question 11 continued

14.80


M
14.80


June 2023 AL P2

r

13. In this question you must show all stages of your working.
Solutionsrelying entirely on calculator technology are not acceptable.

(a) Find thefirst three terms, in ascending powers of x, of the binomial expansion of
(3+x)7?

writing each term in simplest form.

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

0.4 (3)(
o, B+ %)

giving your answer to 4 significant figures.
(c) Find, using algebraic integration, the exact value of

J %4 Bx
— dx
02 3+ x)

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

(4)

(4)

(5)
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Question 13 continued
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1. Find

giving your answer in simplest form.

—2&2_ 3dx
X
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I'n this question you must show all stages of your working.

oy
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Solutionsrelying entirely on calculator technology are not acceptable. :Ig:-

X
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Figure 3 shows a sketch of the curve C with equation é::::,g.;

0o e 30
y=x—14x+ 23 SH

Y
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Thelinel isthe tangent to C at the point A, also shown in Figure 3.
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Given that | has equation y = -2x + 7
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(a) show, using calculus, that the x coordinate of A is 2

25

©) o
Thelinel cuts C again at the point B. 0,5

(b) Verify that the x coordinate of B is—4 SO
2) b

The finite region, R, shown shaded in Figure 3, is bounded by C and I. S
Using algebraic integration, Pt

(c) show that the area of Ris 108 2‘;7’.:::
(5) S
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7.

1.5m

Figure 2 shows a cylindrical tank of height 1.5m.

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

where t hours is the time after the leak starts. B

Using the model,

(a) show that

where A and B are constants to be found, P

(b) find the time taken for the depth of the water to decrease to 1.2m. Give your answer g;.:.;
in hours and minutes, to the nearest minute. %

In the long term, the water level in the tank falls to the same height as the hole.
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Diagram not drawn to scale.
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(c) Find, according to the model, the height of the hole from the bottom of the tank. Pt

@ "
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I'n this question you must show all stages of your working.
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Solutionsrelying entirely on calculator technology are not acceptable. B

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

Nlor

y =8x-Xx x>0

The curve crosses the x-axis at the point A.

(a) Verify that the X coordinate of A is 4

The line | is the tangent to the curve at A.

(b) Use calculus to show that an equation of line || is

12X +y=48

The line |, has equation y = 8X

The region R, shown shaded in Figure 3, is bounded by the curve, the line | and
the line |,

(c) Use algebraic integration to find the exact area of R.
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13. (a) Given that a is a positive constant, use the substitution X = asin’# to show that

‘) L4
xZ\/a—xdx=%a2 ?sin220 do
0 0

(4)
(b) Hence use algebraic integration to show that

a

1
> 2
x2a —x dx = kna
0

where K is a constant to be found.
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14. A balloon is being inflated.
In a simple model,
+ the balloon is modelled as a sphere

» 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.

At the instant when t =10
* the radius is 16cm
+ the radius is increasing at a rate of 0.9cms '

(b) Solve the differential equation to show that
3
r2 =54 +10

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

Give your answer to the nearest millimetre.

(d) Suggest a limitation of the model.
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1.

Figure5

In this question you must show all stages of your working.
Solutionsrelying entirely on calculator technology are not acceptable.

Figure 5 shows a sketch of part of the curve C with equation
y = 8x%e x>0

The finite region R, shown shaded in Figure 5, is bounded by
* the curve C

* the line with equation X =1

* the x-axis

Find the exact area of R giving your answer in the form
A+Be”

where A and B are rational numbers to be found.
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12. (a) Express ) in partial fractions.

_
V(25-V

The volume, V microlitres, of a plant cell t hours after the plant is watered is modelled
by the differential equation

N _1lys-v
dad 10

The plant cell has an initial volume of 20 microlitres.

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

(c) Show that

A

V="
e_kt+B

where A, B and K are constants to be found.
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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