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The function f'1s defined by f(x) = (x—3)" — 17 for x > Ik, where & 1s a constant.

(a) Given that f ~!(x) exists, state the least possible value of k.

/. Flo) =(x-3)* =17
a)  fy- =(x-3)*= 1+
Li :;-H? =(x-3)*

Jti'f'l?- = z2-3

x = y+13 +3
Ree——7

d: .lx,‘f"f-?' ‘.’3
f’ ()= f2z+13 +3
[——
Cam'l:b&negxh‘ve
tIF 20
x2 -3

-3

(b) Evaluate ff(5).

o) LUfn) '[( (x-3-13) -3]1 -1

1]

2]

R
FIF(5)) = [((S-s)"—l-’}-) -3] -13 = 239
(¢) Solve the equation f(x) = x. [3]
0 Fr)=x (x-3)*-13 =x
-ttt 9-1% =2
x“-Fr—-§=0
(x~&)(xt1) =0
=y o - / x= 8‘ ~1
(d) Explain why your solution to part (c) is also the solution to the equation f(x) = £ (x). [1]

d) when =%, Jxrad +3 gives same wilue of &
when x=§ hos been substituted, equaling

like previous L\j



Sam starts a job with an annual salary of £16000. It is promised that the salary will go up by the
same amount every vear. In the second year Sam is paid £17200.

(a) Find Sam’s salary in the tenth year. [2]
u, =0 = £16 000 u, = £1%200
)  uy~= axln-d d=13200 - 16000 = 1200

U = 14000 t (10 -1)X1200 = £20§00

(b) Find the number of complete years needed for Sam’s total salary to first exceed £500000. [4]

by S,= v Do +n-1)d]

~ n [ 1xwo00 + (y\—\)xllooj > 00 000
2

n (32000 ¢ 1200n =1200] D 0o 0OO
N [ 20800 +12001n ] D (000000
128pn* + 3080 — 1000 0GF > O
3Nt 4+ 23N - 2500 0
n> e n < -uy.y N=19 years
¥ % Y

(¢) Comment on how realistic this model may be in the long term. [1]

Q) ot realisthic ag the salary q""“&f’ iherense without limt
acwrdn‘nﬂ Yo wmedel but there will be the waximum salar\u,
Whith would stop it from increasing further

3 Let f(x) = 2x* +3x. Use differentiation from first principles to show that f'(x) = 6x” + 3. [6]
f(x) =2x 43¢ flx+h) = 20 +h)*43 (xth)
fraa) =l ferh) - Fz)

W20 h
= lm 2(+h)3+3(xeth) - (2x243z)

h3o o h
_tmn 2(R*+ 3hte 4 Bhat+xd) + 3 (xkh) - (2x*+3x )
" v ™

=l 2P+ bl s bhatt 26574 33 XT3
20 R




ha 2h% % ghte t (b2*+43)h
Y I

= lim
W30 Iht+ bh + bx*+3

03 h—)o, Qht+th +bx¥t3 = bx*+3  so ffmcexus

A cylindrical tank 1s initially full of water. There 1s a small hole at the base of the tank out of which
the water leaks.
The height of water in the tank is xm at time ¢ seconds. The rate of change of the height of water
may be modelled by the assumption that it is proportional to the square root of the height of water.
When ¢ = 100, x = 0.64 and, at this instant, the height 1s decreasing at a rate of 0.0032 ms "
(a) Show that % =—0.004+/x. 2]
de _
. £ =100 X =0 64 3c "~ T0 0032
G
) -c-il‘-: kJ/x —0.0032 = k [osy k= -0.004
dt
y =
Ot - —poou S
de
(b) Find an expression for x in terms of 7. [4]
b) dz. - .00y Jx L dy = ~0cou dt
do Tz
( -+ ~
\(J_i dx,‘-‘f-o.ooth— \[L Z dx = -o-oouj(d{-
'
217 =-0004t +C
i
2X0.64% = —0.004 X100 +C (=2
Z.IL =-000ke+t2
X = ~002t+|
(¢) Hence determine at what time, according to this model, the tank will be empty. [2]
) xX=0 when emphf {0 =-0-000t +
0=-0001Lt+I
0.002c = |

£= 500 afm SCOs
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¢)

o 6cm B

The diagram shows a sector AOB of a circle with centre O and radius 6 cm.
The angle AORB is # radians.

. )
The area of the segment bounded by the chord AB and the arc ABis 7.2cm”.

(a) Show that 8 = 0.4 +sinf. [3]
0) Sector area Aﬁ F =0 A=(6)* 6 = |56
tr(angle, orea - = 2_—'—D\bs|nc 4=i(£)°’3m9 = | §3n (3

I8C - I185mn0B = F 2
(30 = F 2L+ (g5 (3
G=0U + s nB

(b) Let F(0) = 0.4+sin#.

b)

©

©n
6,
6,

S

By considering the value of F'(0) where 6 = 1.2, explain why using an iterative method based
on the equation in part (a) will converge to the root, assuming that 1.2 is sufficiently close to
the root. [2]

F(O) 0.4 tSInG
F' (@)= cosB where €-1.2 F'(8)=0.362
0.362 £ | for all values OG X (onverg\vyg to root

Use the iterative formula 6, , , = 0.4+sin6, with a starting value of 1.2 to find the value of &
correct to 4 significant figures.
You should show the result of each iteration. [3]

net *CH-[- tiwm @

Ou«+sml?. L 3%20

3 =04 1811 113320 = [.3F1b

Oy =0t £sm 3316 = 13802
Oc 0.4 A S l.3k0 = (.2 %19
G, ~0.a + S (3819 = 1.3 F22
Oq =0k tSin12k22 = [3F LD
O =04 4811 1.3¢22 = 13123 1.382



(d) Use a change of sign method to show that the value of 8 found in part (¢) is correct to 4
significant figures. [3]

d) F(B) =0 ¢S ®
FL.3823) = o.utsm 3023 - ).3¢23
FIL2.564)=0. 4+ m3cpd = —58¢7 X /(03
chonge ofn‘gm £0
vowe of-§ fourd torrect

Ta
The diagram shows part of the curve y = ln(x—4).
(a) Use integration by parts to show that I[].ll(.’f_'-'l-)d\' = (x—4HIn|x—4|-x+c. [5]
b. Y=L (x-4)
|

QO =4 u's 7

) \r,(m(xrl-udr. u=tul -y

A 'S v |

:Jwtx-u) « (1) da
= (naw)) - | 0(5) dx

x -
= ?LLM(L—L&)-J*—_— x w=r—4
-4 QE=| dx =dw
P
= x.bzn(z.—*—t)-jwl;q dw

= XIAA(L-LI-)*-(II ¢ +f~£d)

Xhn(x-t) = W - b inw
= nlr-«) = (2-4) ~4 pal(x-4)
S (4) nle-y) - + 4 = (- @) dml-4| -x + %



(b) State the equation of the vertical asymptote to the curve y = In(x—4). [1]
VY  x=4 05 (uve woved bo the nght by (5)
S0 origWl - asymptete of =0 shifts

bt nght by (%)

(c) Find the total area enclosed by the curve y = In(x—4), the x-axis and the lines x = 4.5 and
x = 7. Give your answer in the form ¢Iln3+»In2+c¢ where a. b and ¢ are constants to be

[4]

found.

4
2 J nm(x-u) dx
€<

= [('x.'-tn,bu I'L—ul -x_~r'+]:f.
“[(F- W)l F -4\~ 3147 = [(45-4) gales-uv]-us+4)
=(3.ms-3) —(oswmos-~o05)

~ 3md -2 -0 S M1 +0S
T 33 0SS 2 -2 S

Total Marks for Question Set 4: 49 Marks
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