I

@  n®)
=g(f(2) g(f(2)) (M1)
=g(7)
— 1 (A1)
(b) A =g'(f(x) f'(x) g'(f(x)-f'(x) (M1)
n'(2)
=g'(f(2)-f'(2)
=g'(M)-1'(2) g'(M-1'(2) (A1)
=21
=2 (A1)
(c) a2
= f(2)g(2) f(2)g(2) (M1)
= (M)
=7 (A1)
(d) a'(x)=f'(x)g(x)+ f(x)g'(x) Product rule (M1)
a'(2)
=f1'2)g2)+ f(2)g'(2) f'@g2)+1(2)g'(2) (A1)
= (DA +(7)(0)
=1 (A1)
e B
_/D SD iy
g(7) g(7)
_2
=
) (A1)
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0 po=L 080T Quotient rule (M1)
(8(x)
)
_ M- DE'D) e DED) )
(8(7)) (8
_OD-Q)
1y
-4 (A1)

SE Production Limited



N

@ ')

(d(6x+ 24)j(x2 +3x)—(6x+ 24)(d(x2 +3x)j

_\dx S dr Quotient rule (M1)
(x"+3x)
:(6)(x2+3x)—(6x+24)(2x+3) 6 (M) & 2043 (A1)
(x> +3x)°
_6x" +18x—(12x° + 66x +72) 122 + 663 +72 (M1)
B ( +3x) e
_ ‘6"22‘48’“;72 _6x% —48x—T72 (A1)
(x"+3x)
_—6(x" +8x+12)
- (x> +3x)°
_ _6(x—i;2)(x—i;6) (AG)
(x” +3x)
(b)  f'(x)=0

L _6(x+2)(x+6) _ _ O +2)(x+6) _ (M1)
a (x> +3x)° - (x* +3x) B
(x+2)(x+6)=0 (x+2)(x+6)=0 (A1)
x+2=0o0r x+6=0
x=-2 or x=-6 (Rejected) x=-2 (A1)
f(=2)
__6(=2)+24 x=-2 (M1)

(=2)" +3(-2)
=—6
Thus, the coordinates of A are (-2,-6). (A1)
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o= B
(@  (x+2+h)
=(x+2+h)(x+2+h)

=x? +2x+hx+2x+4+2h+hx +2h + h?
=x" +(4+2h)x+(4+4h+h)

dy
b))

:hm(x+2+h)2 —(x+2)’

h—0 h

—limx2 +(4+2M)x+ G +4h+h)— (x> +4x+4)

h—0 h

X+ Ax+2hx+4+4h+ R —xP —4x -4
=lim ;

. 2hx+4h+ 0’
=lm———

h—0 h

= %in(}(zx +4+h)

=2x+4+0
=2x+4

SE Production Limited

Nine terms (M1)
(A1)

X"+ (4+2h)x+(4+4h+h*) (A1)

2x+4+h (A1)

(A1)



(c) (y+2)2—36"=5+yex
d

d N P _d d o .y

a((y+2) ) dx(3e ) dX(S)erx(ye ) Implicit differentiation (M1)
dy . ), . . 2y +4)() (A1),3(e") (A1)

2y+4) — |-3(e")=0+]| —

G )(de ) {dxj(e”(y X e oxen A1)

X

dy dy
2y+4)—-3e" =" —+ye
2y )1 b
dy ,dy v A dy . dy
2y +4)—2 — " = pe* +3 2y+4)—=—" =L (M1
2y )1 ¢ Tye e 2y )] i (M1)

dy
—2y+4-e)=ye +3e"
dx(y )=y

dy _ ye'+3e ye' +3e’
dx 2y+4-¢ 2y+4-¢"
The gradient of the tangent

dy
=— at (0,1
dx ©.1)

(A1)

3 le® +3¢°
C2()+4-¢€
143
C2+44-1

x=0& y=1(M1)

== (A1)
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N

(@)

Q)

S'(x)

==2(e")(-1)

=2e "

The slope of the tangent
= f'(1)

=2¢"

The equation of the tangent:

y—(—3j=3(x—1>
e e

The slope of the normal
2

=—]+—

e
e

2
The equation of the normal:

r-(-2] =<6

2oe e
YT T

2ey+4=—e'x+¢é’

e’x+2ey+(4-e’)=0

SE Production Limited

_2 (A1)
e

Chain rule (M1)

J'M (M1)

(A1)

(A1)



—
oooo
oooo
o
o

(@) Q=r-12t+36¢

49
dt
=31 —12(2¢) +36(1) 3%, 2t & 1 (A1)
=3t> -24t+36
d_Q:() @ZO (M1)
dr dr
37 -24t+36=0
t*—8t+12=0
(t-2)(t-6)=0
t-2=0o0r¢t-6=0
t=2o0rt=6 2 &6 (A1)
By the first derivative test, Checking (11—? (M1)
t t<2 t=2 | 2<t<6 | t=6 t>6
do
— 0 - 0
py - -
Thus, Q attains its maximum at r=2. (A1)
(b) 32 (A1)

(c) 0O=¢£-12+at

d9o d,5 d . d o _
—=—0@F)-——02t)Y+—(at Implicit differentiation (M1

yy dt() dt( )dt(a) plicit di iation (M1)

dQ ) da 5

E=3t -12(2t) + E )+ (a)() 3t°,12(2t) (A1) & Product rule (A1)
99 3 _op19% .4

dt dr
The required rate of change

=3(1)* - 24(1) + (1)(-0.25) +18 (f (A1)
=-3.25 (A1)
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(@) By considering the graph of
y =6sint—¢" cost, the coordinates of the
maximum point are (3.7435506, 39.843756) . GDC approach (M1)
Thus, the maximum distance is 39.8 cm. (A1)

(b)  The particle first changes direction at
3.7435506 s. 1.5707983 s (A1)
By considering the graph of

y= 2(2(6 sint—¢° cost)} , the graph passes

de\ dt
through the point (3.7435506, —68.94427) . GDC approach (M1)
Thus, the acceleration is —68.9 cms™. (A1)
—J)
X
S ()
= Icos 2xsin’ 2xdx Indefinite integral (M1)

Let u =sin 2x.
Substitution (A1)

“ :2cos2x:>%du =cos 2xdx

dr
=ju3-ldu ju3-ldu (A1)
2 2
zl(lu“jﬁ-C
214
=lu4+C
8
1 - 4 1 - 4
.'.f(x):gsm 2x+C gsm 2x+C (A1)
1 4
3=—|sin 2(5] +C x=2 & y=3 (M1)
8 2 2
3=L)+c
8
C=3
f(x):%sin“ 2x+3 (A1)

SE Production Limited



—J)
e I

(@)

(b)

The area of R
1

= | /(x)dx

= Iol Nrx+1dx

Letu=nx+1.

d—u=7r:>ldu=dx
7

x=12u=7)+1=7+1

x=0=u=n0)+1=1

_ J.;Hl\/; %du

= lLM u%du

T

3 7+l
125
7|3 ]

12 5 2.3
—;(5(”‘*‘1) 3(1)J

2 -
—g((ﬂﬂ) 1)

The required volume
1

=7 [, (f () dx

= JZJ:(\/er+1)2dx

= ﬁ'[ol (rx+1)dx

()]
=7\l —x |+X
L 2 0

- 1
T 2
=7T|—X +Xx

2 0

—7 (%(1)2 + 1)—(%(0)2 +0D

Exam Tricks
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Definite integral (M1)

Substitution (A1)

[ Vu -:Zdu (A1)

2 3
- A1l
3u (A1)

(A1)

Definite integral (M1)

ﬂ_fol (zx+1)dx (A1)

ﬂ(;xz}rx (A1)

(A1)
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(@)

(b)

(d)

10

The velocity
=v(3)

_ 32,7050)

=2.008171441 ms™!
=2.01 ms’!

v(t) =1

tZe—O.St — 1

t2e—O.St _1 — 0

By considering the graph of y=¢¢"" —1, the
horizontal intercepts are 1.4296118 and

8.6131695.
s t=143 or t=8.61

The total distance travelled

_ jol°|v(z)|dt

10
:I ‘tZe—O.St
0

=14.00556769 m
=140 m

dt

a(r)
=v'(¢t)

=(20)(e ™)+ (1) (e " )(=0.5)

— 2te—0.5t _0 5t26—0.5t

By considering the graphs of y

—0.5¢

d ,
=—1I("e
y dt(

horizontal axis for 4<r<10.

S 4<t<10

), at least one graph is below the

SE Production Limited

v(3) (M1)

(A1)

w6 =1 (M1)

GDC approach (M1)
(A1)

j v(o)|dr (M1)

j;‘)\ﬁe-” dr (M1)

(A1)

v(t) (M1)
Product rule (M1)
(A1)

GDC approach (M1)
4 (A1) & 10 (A1)



| m—
Exercise 5.10 @

. secx—1
lim—
08in2x+cos2x—1-2x
= lim secxt?mx—O ( 9) L’Hépital's rule (M1)
=0 (cos2x)(2) + (—sin 2x)(2) -0 —-2(1) 0
I sec x tan x secxtanx (A1) &
=lim
x>0 2 cos 2x —2s8in2x—2 2cos2x—2sin2x—2 (A1)
2
lim (secxt.an x)(tan x) + (sec x)(sec” x) ( 9) L'Hopital's rule (M1)
0 2(=sin2x)(2)—2(cos2x)(2)-0 0
lim secxtan” x +sec’ x secxtan” x +sec’ x (A1) &
0 —4sin 2x —4cos 2x —4sin2x—4cos2x (A1)

secOtan® 0+sec’ 0

— . x=0 (M1)
—45sin(2(0)) —4 cos(2(0))
1
T4
1
=3 (A1)
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EE=E
x3
(a) smx:x—§+---

. 2x)’
sm2x=2x—( x) +eee Substitute by 2x (M1)
. 4 3
51n2x:2x—§x 4o (A1)
2 4
X x
cosx=1-—+——--
2! 4!
2x)"  (2x)*
cos2x:1—%+(4i')—m Substitute by 2x (M1)
cos2x=1—2x2+§x4—--- (A1)
(b) sin4x
=2sin2xcos2x
4 3 2 2 4 . .
=2 2x—§x - || 1-2x +§x — Series for sin2x & cos2x (M1)

=2 2x—4x3—§x3+---j

=2 2x—?x3+---j 2x—?x3+--- (A1)

=4x——x +:-- (A1)

SE Production Limited



(c)

Solution

sin(4(%))>4(%l-%(%f

3
T

. T
sm—>———
474 384
T 7Z'3 .
S,———<SIn—
4 384 4

T 71'3 \/5
<—=<

T
<_
4

4 384 2

3
T_E [ E

2 192 2

% 1 T
A \/E <=
192 192 2

2
(96 -1 )<\/5<£
192 2

i
4

. 3arctanx
lim———

x>0 f ( X)

3 5
3(x_x+x_...]
) 3 5
=lim

0 4x—¥x3+---

Exam Tricks

CLICK HERE

Inequality for sin% (M1)

Inequality for V2 (M1)

Series for arctanx & f(x) (M1)

3x—x" + (A1)

4x—£x3 +
3

3—x"+ (A1)

4—£x2 +
3

x=0 (M1)
(AG)
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@ Yo
dx ¥
Lyola
NS
1
_[y 2dy = Ix_zdx Separating variables (M1)
1 > 1 1 2
Ly Lec Tyt & (A
[ R
2 2
o1
2y?=——+C
X
oo Lo
2:__+C 2:—7+C A1
4 2x 4 2x (A1)
1 2
y:(—E+CJ (A1)

SE Production Limited



(b)

Sdy
e ——e'y=1
dr Yy

d
—_— - = 1
] (yve™)

ye ' = Ildx

%:)H—C

e
y=e(x+C)
e =e’(2+C)
C=-1
Ly=e(x-1)

Exam Tricks

CLICK HERE

——y=e" (M1)

J7 ()
e (A1)

Cfx(yeﬂ)zl (A1)

e (x+C) (A1)
y=e" & x=2 (M1)

(A1)

15
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dx x y°
Lety =vx.
d—yz(ﬂj(x)+(v)(l)=v+xﬂ Substitution (A1)
dx \dx dx
dv w X dv w X
V+X—=—+ 3 V+X—=—+ 5 (M1)
dx x (w) dx x (w)
1
v+x—=v+—2
v
dv 1 dv 1
X—=— x—=— (A1
dv v’ dx Vv (A1)
vidy=—dx
X
1
Iv2dv = I—dx Separating variables (M1)
X
1 15
—v =lnx+C —v & Inx (A1)
3 3
v =3Inx+C
1 1
v=0CBlnx+C)? v=0CBInx+C)* (A1)
1
L -@BInx+C)y
X
1
y=xBInx+C)3
1
3=13In1+C)? y=3 & x=1(M1)
1
3=C?
C=27
1
S y=x(3Inx+27)3 (A1)

SE Production Limited



x,, =x,+0.1

(d) yn+l:yn+0'1d_y
(CAS
x,, =x,+0.1 x,. =x,+0.1
f / M1
yn+l:yn+0'1 x_" y11+l:yﬂ+0'1 ﬁ ( )
yn yﬂ
xo=1, y,=3
x,.,=x,+0.1
By solving the system b=y +0.1 /x_n with
Y
initial conditions x, =1 and y, =3, x;, =1.8 and
¥s =3.5157923910534 . GDC approach (M1)

S y=352 (A1)

Exam Tricks

CLICK HERE
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