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1. A population of a rare species of toad is being studied.
g
The number of toads, N, in the population, ¢ years after the start of the study, is modelled oO/})
by the equation >4
o
900e" 12 &
“oamyy  (PO0MCE s
m
According to this model, =
=]
(a) calculate the number of toads in the population at the start of the study, %
(1) >
=
(b) find the value of # when there are 420 toads in the population, giving your answer to
2 decimal places.
C))
(c) Explain why, according to this model, the number of toads in the population can never
reach 500
(1)
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Question 1 continued
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2. The function f and the function g are defined by

12

0=

x>0xeR

(x)— lnx x>0,xeR

(a) Find, in simplest form, the value of fg(e?)

(b) Find f!

(c) Hence, or otherwise, find all real solutions of the equation

£1(x) = f(x)

2)

A3)

3)

2.00 £(x) = 12 o) =%Wwbd

x+ | 2

~ @ wite tie funchon usivg o'y’ Y = 12
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Question 2 continued
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log,, v 4

\ (0, 4)

(6, 0)

>

Figure 1

Figure 1 shows a linear relationship between log, v and log,  x

The line passes through the points (0, 4) and (6, 0) as shown.

£
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9
o
(a) Find an equation linking log, v with log, x %
(2 5
5
(b) Hence, or otherwise, express y in the form px?%, where p and ¢ are constants to be E{
found. 2
G =
) . . _ = J’ = OkKV\OUﬂ\ 5
3.0 Equokion B% Ung @ y-y = x\(’t"x\\ Qivk O 4
Keoun poinds on ne + (0,4) arodionk ure
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3 =
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»
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8

P 6 0 5 6 8 A 0 8 3 2



)
S
)
5
g
w
=
RRERNE
g )
p——
5 I %
g .=
om oan®
4
(v
|
F T 0
A il o
— "
I (\})
)|
Y, S ol
A R
S e Vo " (o, m
.m m.v .u..s & m —
= ) = TR ~ O "
5 ) + 3 R — e
= ~ ~ > "
m ..Mw ) . o P
e 5 S s?
: & § 3
2
=
o
_ J

A e N S
: sﬂr\ﬁ/s/ s&r

V3uY SIHL NI 31IHM LON Od ?v:s%.w.fv S % S /s./s./s}msé @%&/&(hsasﬂ IN O %./s.é\m..\

Turn over »

3 2

5 6 8 A 0 9

0

P 6




2
4. () fy= EXFD @,
x-3 %,
2N
: . P(x) : . S
(a) Find f'(x) in the form o) where P(x) and Q(x) are fully factorised quadratic =
expressions. =_—°|
(b) Hence find the range of values of x for which f(x) is increasing. E
(6) =
(i1) ?)';
g(x) =x+/sin4x 0<x<% =
The curve with equation y = g(x) has a maximum at the point M.
Show that the x coordinate of M satisfies the equation
tandx + kx =0 ()
o
where £ is a constant to be found. %
5) =
o
—f
4. G) £(x) = (2%+5) x £3 =
x-2 z
N ST g
Quotiank e for y=U - dy dx __dx o
differamtinking, Vv dx vz
B
u = (2%+9) dwn = g%+ 20 < dilferemtioke
= U2y 209 + 25 o obier expaunding
e S
=
%
= (2xx5)? dn = du o daf _ difforeakiok 5
. . =1
w= (y)z ax dyy  dx using O YUl m
=
whowe y=2%+5 = 2yx2 T
(7S
>
du=ly i = Uy = 4 (2% %) z
dy.
= %%+ 20
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Question 4 continued
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Question 4 continued

v= {sin (ux) = (s\V\ (u) 1

CHAIN RUIE : dy - dy . duc
dac S o

-

V="u = sin (ax)
W= 0k - 1.uT x uees(un)
dx /d_,u/ 19( 2
-1
= _‘2- (sin(an)) 2 x b cog (W)
= 2 cos(Ux)
Lsin (U
L
g0 = (NGEn @) + (/2 wsws
Lsin (U

o Jsnan) 4w 2008(4x)
I (Ux)

= svi(lx) + 2vcan(ux)
N sin (Ur)

AX MOXIW0 (5‘-,,0 L. $\V\(L\X) A+ Q'KCO’Q(LVK\ =
Nosin (L)

sin (UX) + 2% eos (W) = o + dn(uK) = - 2% can(ux)
o (U = -2
Yo (4x) > 2% = ©

w=1
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5. (a) Use the substitution 7 = tanx to show that the equation
12tan2x + Scotxsec’ x =0
can be written in the form

5t =24 -5=0

“4)
(b) Hence solve, for 0 < x < 360°, the equation
12tan2x + 5cotxsec® x =0
Show each stage of your working and give your answers to one decimal place.
“)

5.0) 12 ton (2%) + D ok () see? () = O

t = bonx
USING DOUB\E = 2%
ANGLE RENTITIES 1 - o (A)
MIA & oA =) « diNide Hwougia

by o=z A
§] “2 & e QQS’LB_ = L
Co A CR2ph  Cos*A

Yon2hA + = gec?A
using 2 {dontities frowr odoove

12 umm) 5% x (Ga@+)) =0
\ - o () ton (%)

24t o+ 5 (eF+)) =0
|- 12 %

2ut? x5 (1+£2)(1-¢2)=0

6(\—{:"‘\ + 4t =0
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Question 5 continued
ot - 24t2-5-=0
D12 tan (2%) + D ok () sec? (%) = O
otY - 24¢2-5=0
(53¢ +1)(t2-8) =0

t"=—>%< L S

0 - t?=5
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Figure 2

Figure 2 shows part of the graph with equation y = f(x), where
f(x)=2|2x-5|+3 x>0
The vertex of the graph is at point P as shown.

(a) State the coordinates of P.
(2)

(b) Solve the equation f(x) =3x —2
C))

oI SIHENEILRIM TON-OQ

Given that the equation
f(x) =kx+2
where k is a constant, has exactly two roots,

(c) find the range of values of k.
3)

6.0 £0=2lax-5|+3 20

U
J

I
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= -2 (‘?_‘X-S\, +3

<= X

Y=z 2(2x-9) +3
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Question 6 continued %
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Question 6 continued
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Figure 3

Figure 3 shows a sketch of part of the curve with equation
y=2cos3x—-3x+4 x>0

where x is measured in radians.

The curve crosses the x-axis at the point P, as shown in Figure 3.

Given that the x coordinate of P is «,

(a) show that a lies between 0.8 and 0.9

2
The iteration formula
1
X< 3 arccos(1.5x —2)
can be used to find an approximate value for a.
(b) Using this iteration formula with x, = 0.8 find, to 4 decimal places, the value of
@ x,
(i) x,
(&)

The point Q and the point R are local minimum points on the curve, as shown in Figure 3.

Given that the x coordinates of O and R are f§ and 4 respectively, and that they are the two
smallest values of x at which local minima occur,

(c) find, using calculus, the exact value of § and the exact value of /.

(6)
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Question 7 continued
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1)
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Question 7 continued
OOO)
A, = %mcos(\.exz—l) g
= 3 oweon (1.5(0-2327) -92) = 0.8068% :
z
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Q) At X0k MBMA L MOXINAL | %_M -0
i
\5=2c%(?nc)—%x+'-l é
—
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8. (i) Find, using algebraic integration, the exact value of

42 |
2
j dx )
3 3X—1 2

giving your answer in simplest form.

“

- 2x3 —Tx* +8x+1
(i1) h(x) = 7 x> 1
(x=1)

Given h(x) = Ax + B+ — 3 where 4, B and C are constants to be found, find

Jh(x) dx

(6

a
WIS
5
P
IF’J
w
—e”
]
(—
>
/s
Vs
oOI{}i
wIP¥
[ -
|
=3
/\
&
v

M n(x) = 2%x3-Tn® +8% +|

&
(x-)1Z

W) = Ax +8 &+ C
¢-1?
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Question 8 continued

1x — 2

('XZ-Q"U'\)\ 9%3 = Tx2 + 8% + |
T 292 - U4xt + 2%

=3+ bw +)
%+ o -2
4 <« vamoinder
(-2 aN(2%-D) +u = 2% -TaZ + I ¥
SR CO TS LY S R=2
(xH2 caq
- j\r\(ﬂ dx

= j‘ % -3+ U4(x-N"2 dw

= % - 2 U (x-N"T e S oo coMstant
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YTV VLR
U
X’\nb&\ dve = wr-2w -4 +c
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9. f(0) =5cosf —4sinb feR

(a) Express f(#) in the form Rcos(f + a), where R and o are constants, R > 0 and
0<a< % Give the exact value of R and give the value of a, in radians, to 3 decimal
places.

(€)

The curve with equation y = cos 8 is transformed onto the curve with equation y = f(6) by
a sequence of two transformations.

Given that the first transformation is a stretch and the second a translation,
(b) (i) describe fully the transformation that is a stretch,

(i1) describe fully the transformation that is a translation.
2)
Given

90

0) =
O (f0))’

(c) find the range of g.
@)

9.0 £(0)=%ws B - 4sin® e

£00) = Qs (D+ot) & usig compound, onge formulod

cos (A rB) =
£(8)= R (cosB os ol - %'\V\@&\(\O() cahe® — swA sind

L Compoxe expomded efrasion o £(0) given
ReosBeogol - RcinOsinat =90 & - 43ind

Reosol = S _Rswol = 4

< n _
£Bnol = tonol = 4 | (ReosadH@sno)? RIS

R eanol \ G \mw\t%

o= 0675 | = R (wPorsta) = &2(1)
| = & 4+ 4y?

\ R T >d_
30 OJ\\)‘Q)/\’C\I\M
0 0 T 0 &>0
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Question 9 continued

b}(ﬁ y = s (9)
(_ skt

trome\okion.
y = 508 (6) - Ugin(e) = A\ w0 (0 + 0.67%)

shrekUa Y= ws(®) — \p{r\_\co&(@

vt
sole §otkor Uy
PoxOIAL o \S—O\X‘\S
O vordotion: e 1 @ (0)—y=1E1 ws (0 + 0.675)
Lrons\odion,
Wurousjy Ha Vatker (—0-676)
o
9 g(e) = 90 B R

b+ (RO
fnge - ol possible volues o) o(e)

vonge o £(6) = - {ul < 8(e) < {w
0 <N < ul

QLO\ ~ uxo = %
lower Gunix & q(8) - "l
= 40 . 2
%(9\ Ly W\
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