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Given that

_ sing STy 3r
Y= 9sin0 + 2c0s0 4 4
show that
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where 4 is a rational constant to be found.
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A scientist is studying a population of mice on an island.

The number of mice, &, in the population, # months after the start of the study, is
modelled by the equation

900

= 3 4 7 0.25¢ , teR, 120
(a) Find the number of mice in the population at the start of the study.
Le-o

(b) Show that the rate of growth v is given by v - N@E0O - N)
dr dr 1200

The rate of growth is a maximum after 7 months. —) dN

- O
d€
(¢) Find, according to the model, the value of T.

According to the model, the maximum number of mice on the island is P.

(d) State the value of P. O E oo
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Question  continued

&) Skt => €-0

N(Stua&) = QOQ

Q § e 0

200 - 90
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Question  continued

b)
N-_ 400
31—?.6-0.'5&
-—0-25¢y - |
N=4d(3r?e )
= <3(E)> =) = CLL) A= 8(&)
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dx
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continued

AN - N(Roo-N) . N=_ 900

o e
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| 00 3+2e

N(3ao-N) = o at \/,\
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. 2
3 sz UL
/ (x+1)

— where 4 and n are constants to be found.
(x + 1) (4)

(a) Show that & =
dx

(b) Hence deduce the range of values for x for which ay <0
(1)

OL)S(ﬁc)s St [0 5’/90) = 10x 410
qx) - (X+1)* 3’[%)-; 2(A+1) @

201)(+1)
= 2(2041)
dy/, = (024 10X+ 1) = USA% 102D (A1)

(L+1)* 0,
7y
(102 410)(X41) -2 (S % 102) D

1\

(A +1)=

- 10X 105+ n 10 Bt 26
(X+1)3

= 10 A=10

N=3=

(px1)>
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Figure 1

Figure 1 shows a sketch of the curve C with equation

4x% + x 4l =
e - nx X
SR

(a) Show that

dy  12x2 + x —16x

dx 4x\/;
4)
- 1 ° o s 10 . =
a) 9= u:éx _hhx , Fd % Leg Differentiakion : 4 (n )z L
—_
* Quotient Rule : If h(x)= f&x)
v d (unx) = b <l | © 3 %)
du i Hen  htx) = fio-36) - fou- 9
(&) *
b h@) = hx+x - {(1)= hete x> 5(31)= Fx + |
a& aﬁ - al\ll
3@ =ax - Y- ﬁ ®
k3
= hiw = @x+)(af3) - Qux®s %) ( 'JJ';Z = ™ ax'- l;—,’;,_ - ’:.'?. = 16 oyt
(Q‘;)t @ hx ux
’ 1
2> h'y = lax":;— "t - 3 i 3z =

= Rx+x-16¥x - dy as mgw'm‘--@
hxdx &

LN
x

=) oo IFe Lo o= x4
dx Wx x hix
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The point P, shown in Figure 1, is the minimum turning point on C

(b) Show that the x coordinate of P is a solution of

8

3)
b) Fom pod 0 dy- Beex-l6fz
dx hx{=

Ouw [t Skp B fo St gy -0. e x-160x =0
t 9

hx{=
= lix+x-16x=0 . [
= W lx-16 =0 ®

= Y= lG = .0
=) ‘I_sn': ri
)a.
RN I‘.\l‘b: ——_&
3 e
2)3

D x-= (_;L_ﬁ s feguired- @

)
p—

2
" SR 0 i
X, . = ——L with x, =2
n+l 3 12 1

to find (i) the value of x, to 5 decimal places

(c) Use the iteration formula

(1) the x coordinate of P to 5 decimal places.

3)
c) /3
RN LIRS NP

X2 = 1.138935..
I = 1138w (5dp)0)

[\}

i) x:1.15650 (O
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5.  The function g is defined by

3In(x) -7

g(x)= n(x) - 2 % A

where k is a constant.

(a) Deduce the value of k.

‘When we haw o glnd-im , IR denominedor Connct egual O,

=) |ahx-a:=0

Inx = a
e = ot
x=e" ) k=e" o xte O
(b) Prove that
gix)>0

for all values of x in the domain of g.

Quokent. Kule : \s 9x) = h(—l) then 3'(1) = 5(&)“1)— fﬁ\)kix)
(he)*

lect thet 9(x) = 3lhx-F =) ek }(x)= 3inx-7  then f(’:x)=

Ihe -3 h(x) = Inx-2 then Wl =
» g %(lnx-&) - %t'.\:’)lhx-?) = 2.lnx- %- uT""-r% =

1 =

(Inx-a) (Ihx-2)

2 8w = Y ®  *we Kknew that x>0
— * '(ln::.-&) iS Sqwmol

=) IR denominakr iS alweys  positive,
hen  gtx)>0. O

(1)

3)

'/x
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(c) Find the range of values of a for which

lecat, Hhot 3(:.)= dnx-*
lhx-a

ga>0
)

leb Inx=9, then g(x)= H-7 > 0.
V-

* Mathgly botn Sides by (Y-3)

=) 3.72>0. O
=) Y>3
= Inx > ¥/3
n  a»e¥”

—

(vw. uhw\,o. x to o m»-)

* Y=g then g(x) nol defined Since  cleneminwler equat b O.
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6. Given that

X -4

= x>0
Y=o Ux ~
show that

a:—A\R x>0

where A is a constant to be found.

(4)

u=x—4 v =2+l
“'z | V'= _'..1-.,1
2

dy = (1427) (- (x-)( LxR)

1 (L+x')” ;

= 2+ﬁ — t/1 x'lz + )\1"./2.

(2t 2'A)

- 24 )n - Iz + 2 — multiply he numern-lo.rbq I
2 {= '

(242 )?

= 2+ -%t 2

2

(2473 *

= 2afa + 242 (1) 7 mulbply numerator by 2
2 ' '

T (2453 )”
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0

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

_ 4sin2x
f(x) = Tl 0<x<nm

The curve has a maximum turning point at P and a minimum turning point at Q as shown
in Figure 5.
(a) Show that the x coordinates of point P and point Q are solutions of the equation

tan2x = \/5

(b) Using your answer to part (a), find the x-coordinate of the minimum turning point on
the curve with equation

(1) y=1(2x).
(i) y =3 - 2f(x).
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Question  continued

o) Jix)= L'S;l%f Quotient Rule : @

c 5(1) = h(x)-3(x) - h(- )
(3(:)*

* Stodionasy  Poink when  §3) =0

h'(n} = BCos dx

l«d h(’i) kSin 3z
3 @) = ef* 9(x) = f7e"*"!

- hSinax- ﬁe, =0 @

2§ = [oosx e®
(eﬂ:-l)

=) %Casax.eﬁ’"- hﬁs;naxeﬁ"' =0
glex-' (%Cos ax-hlasinax) =0 ©
A tan3x =

Bos dx - Ui2Sindx =0

Sindx
Cas aX

e

D)
) BCosdx = hfaSindx
=9 R = hﬁ‘&m&x =) Sindx =
Cosax Cosax uJz
=>  ian (Rx) = {2 oS Tequ.irul @
b) i) =5
For ‘535(1) =) Tandx = {2
Fov usf(a;) = tanhz= {2
X: tan'Ja + D @
N h
X = Lotk 0)
W) B 3-30) <> tandas ES
2= t'(3) - 0wz @

2 O
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8.  Given y =x2x + 1)% show that
dy
— =2x+1)"(4Ax+ B
™ ( )'( )

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

d
IUDJ -~ W\, o\x tA“‘—‘i~;V 2A

ax
W=D V2~ (2>c+ﬂ
3
B - AV - o (23 +1) %2 (D
ax ax . 3(23:-“\3

5c x BC2x41\3 + (200 +1) x|
= 8= (2= +11> + (ae+)* - ©)

= (23 +113 (%)c + 25c+) —@
= (2> (10 +1)

A<10 -©
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1+ 11x — 6x2 B C
=4+ +
(x=3)1-2x) (x-3) (1-2x)

(a) Find the values of the constants 4, B and C.
“)

1+ 11x — 6x?

= x>3
(x = 3)(1-2x)

f(x)

(b) Prove that f(x) is a decreasing function. — F "(x) <0
(©)

HLNI 2 1

3wy
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Question  continued

o)
X, & ., 8 - odf +cbt+ Chf
b & f b/
[+ Nx - 6321 = H(JC—Z)(\'LDL‘) ¥y RC-1x)+ Q(J-—Jl
Cx-3)(1- 1=x) Cx -2 (1-1x)
X = € =) A =C
b b

| & llx - €x* = ACx -3)(1-1x) +R0-1x) §  (x -7
R N\
e U

1+ 1 (3) - 6D - O +3(-5)

-0 = -SSR => p=-¢y o
/(O‘Fl‘\d C, |- lx =20 =y x:21 . X =20-%F
|+ W(0.C)- 6(0.S) = O+ O -a.Cc

= 5§ C

| +llx - 6&x* = AT -)1-2x) + U-2x) -2 (X-3)

x = Q, l+n(o) - GCod = -3A F+ t§
\ =~ =-3A+19
-3p = -9
A - 3/
|+l - 6x* =3 +_ & 2z  ~

C(x-3)(1-1=x) (x-3) (1 -2x)
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Question  continued

b)

(x) =2+ W % i -_Hf—csy\

,f (x-3) (-12x) L :j d_ﬁ(:?nx(p‘(ﬂyd
. _ll/d:;

{L(.‘x) - 34 L\(J*K) - Al 'Zan>

-N \

_2 a =
f,'m):o-g(an-g)’z—u(l-m) S anr

_._-__L.(_.___ .\.__:_..&‘.__—-
Cx - Cl-15¢)°

-
-

(x-3) > c oMM X >3
(1-1)' >0 {lerouu;;n

Lo L O cand -.—ﬁ*——L <Q
& -3)t C1-2)

e howe Snoum Haok - 4 apd _ Y ¢ Q
(x - Q-1

-F«oc AN X D3 . f‘(.x) s Ko sSurnn op 2

r\e&akve flrcuwam‘ )Q‘bc) QO = ]LCsc) s

deC(CQs?ns. S
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