Chapter 11 Solution

yInx=x*-y

d d
(vl =~ (x?-—
™ (yInx) » (X" =y)

dy 1y_,, dy
(a;j(h1x)+(y)(;)-2x i

mX9X+X:2X_QX
dx x dx
MXQX+9X=ZX—X
dx dx X
0nx+D9X=2x—l
dx X
y
2X—=
dy_ x
dx Inx+1
1
2() =
dy :()1
dx|,, Inl+1
dy, _2-1
dx|,, O+1
dy
X
The equation of tangent:
y—-1=1(x-1)
y—-1=x-1
y=X
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M1
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5 -5
2yarctan X = — X+ ——
4 4

i(2yarctan X) :i£§x)+i[”_5j
dx dx\ 4

X
(Zgj(arctan x)+(2y)[ 1 5 j =g—0

2arctan Xd_y+2_y2:§

dx 1+x° 4
2arctan xd—y=§—2—y2
dx 4 1+x

dy 1 5 2y
dx 2arctanx\4 1+ x?

1
2| =
dy 1 5 (2)

dx [1 ;) T 2arctanl| 4 1412

"2

%[Llj B 2{2)(%_%)

%(gj ZEGJ

dy _3
dx [13 2z
Thus, the slope of normal
27
__ 2z
3
The equation of normal:
1 2r
——=——(x-1
y-5=-5 (-1
1 2r 2w
—_— = X4+ —
2 3 3

6y —3=—-4rx+4r
ArX+6y—(47+3)=0
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(M1) for valid approach

(A2) for correct approach

(M1) for substitution

Al

Al

(A1) for substitution

Al
[8]



x* +4y* =100

d. , d, , d
= (3) +— (4y?) =— (100
dx( )+dx(y) dx( )

2x+8y9¥:0
dx
dy
Sy& =-2X
dy X
dx 4y
x 3
_Zy__g
x=§y
2

%yz +4y* =100

25
22422100
Y

y> =16
y=—4ory=4

When y=—4, x:g(—4)=—6.

When y=4, x:g(4):6.
The equations of tangent:
3 3
Y= (-4) == (x=(-6)) or y—4=—(x-6)

8(y+4)=-3(x+6) or 8(y—4)=-3(x—06)
8y+32=-3x-18 or 8y-32=-3x+18
3x+8y+50=0 or 3x+8y—-50=0

SE Production Limited

(M1) for valid approach

(A1) for correct approach

Al

(M1) for setting equation

Al

(A1) for substitution

A2
[8]



9x* +y* =106
d d d
—(9%%) +—(y*) =— (106
dx( ) OIX(y) OIX( )
18x+2yﬂ=0
dx

dy
2y — =-18x
ydx
dy_ 9
dx y
.‘.—%xiz—l

y 27
X
3y

3

X==
5y

3 2

9(— yj +y? =106
5

81

25

106 y? =106
25

y? =25
y=-50r y=>5

-1

y’ +y? =106

When y=-5, x:g(—S):—&

When y =5, x=§(5):3.
The equations of normal:
5 5
—(-5)=—(x—-(-3 -5=—(x-3
y—(-9) 27( (=3)) ory 27( )

27(y+5) =5(x+3) or 27(y—5) =5(x—-3)
27y +135=5x+15 or 27y—-135=5x-15
5X—-27y—-120=0 or 5x—-27y+120=0

SE Production Limited

(M1) for valid approach

(A1) for correct approach

Al

(M1) for setting equation

Al

(A1) for substitution

A2
[8]



1.

(a)

(b)

(©

f(a)=arctana

arctana+ In(1+a?) =arctana

(M1) for setting equation

In(l+a®)=0
1+a’ =1
a’=0
a=0 Al
[2]
, 1 1
f'(x)= 5 +(—2j(2x) (A1) for correct approach
1+x 1+x
1+2x
f'(x)= Al
() 1+ x°
[2]
f'(x)=0
g M1
1+x
1+2x=0
2x=-1
1
X=—=
2
By the first derivative test, M1A1l
1 1
X X<—= | X===| X>-=
2 2
F'(x) — 0 +
Thus, there is no local maximum of f(x) for
xelR. AG
3]
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(d) By the first derivative test, f(x) attains its

- 1
minimum at x = —5- (R1) for correct argument

(5wl (5]
() -w3)ond

Thus, the coordinates of the local minimum of f (x)

are (—% arctan (—%}rln%). Al
[2]
2 p—
(e) f"(x) = (X )((21)+ S; 2X)(2X) (A1) for correct approach
£7(x) = 2+ 2X% —2X—4x?
(1+x?)?
2—2x—2x°
f " —
==y
2(1—x—x)
f'"(X)=—————+ Al
) (1+x%)?

[2]
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@  f'(x)=0

v __y2
2(1-x : >: ) M1
@+x%)

2(1-x—x*)=0
X*+x-1=0 Al

_ —1i«f12 —4(M(-D

- 2(1)
x=_1;£ or x:__\E Al

X x<_l_\’/g x:_l_\/g _1_\/§<x<_1+\/g x:_lJM/g X>_1+\/§
2 2 2 2 2 2
f"(x) - 0 + 0 -

f"(x) changes its sign at x = — _2 and

_l+\6 M1

2
Thus, there are two points of inflexion of f(x) for
xelR. AG
[4]
(9) f(—x) =0 has the solutions x=0 and x=1.17. (Al) for correct values

The x -coordinate of the local minimum of f(—x)
.1
is —.

2
S X<0or x>1.17. A2

3]
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(a)

(b)

(©)

(d)

(€)

(f)

y=2 Al
[1]
e
f'(x)=0-e 2 (-Xx) (Al) for correct approach
1,
f'(x)=xe 2 Al
[2]
f'(x)=0
)
~xe? =0 M1
x=0
By the first derivative test, M1A1l
X x<0 x=0 x>0
f'(x) - 0 +
Thus, there is no local maximum of f(x) for
xeR. AG
[3]
By the first derivative test, f(x) attains its
minimum at x=0. (R1) for correct argument
Loy
f0)=2-e 2" (M1) for substitution
f(0)=2-1
f(0)=1
Thus, the range of f(x) is1<y<2. Al
[3]
) e
f'(x) = (l)(e 2 j+ (x)[e 2 J(—x) (A1) for correct approach
Ly
f7(x) = (1-x%)e 2 Al
[2]
f"(x)=0
e
S(1-x)e? =0 M1
1-x*=0
x> =1
x=-1or x=1 Al
X X<-=1|x=-1]-1<x<1l]| x=1 | x>1
f"(x) - 0 + 0 —
f"(x) changes its signat x=-1 and x=1. M1
Thus, there are two points of inflexion of f(x) for
xeR. AG
[3]
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(9) The y -coordinate of the points of inflexion of
f(x)

1.2
=2-e 2" (M1) for substitution
1
=2-e?2
The y -coordinate of the points of inflexion of

g(x) =+ef (x)+k

=Je [2 - e_% ] +k (A1) for correct approach
=2Je—1+k
s 2Je-1+k=0
k=1-2e Al
[3]
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(@)

(b)

(©)

(d)

X=-6, X=6

109 = O =390 -((20
(x*—36)
X? —36-2x°
(x* —36)?
36+ X
(x* —36)°

f1(x) =

£/(x) = -

f'(x)=0
36+ x°
T (¢-36)2
36+x°=0
x> =-36
S F'(x)#0 for x#=—6, x#6.
Thus, there is no local extrema of f(X).

_(x*=36)*(2x) - (36 + x*)(2)(x* —36)(2x)

f"(x) =
% (O =36
, 2X(x* —36)* —4x(36 + x*)(x* —36)
F'()=- 2 _apy\2y2
((x"—36)")
£7(x) = —2x(x* —36) + 4x(36+ x%)
(x* —36)°
. 22X + 72X +144x + 4X°
f(x) = 2 3
(x=—36)
2x° +216x
fr(xy="2 5222
o (x> —36)°
2
£7(x) = 2x(;( +1038)
(x*—36)

SE Production Limited

A2
[2]

(A1) for correct approach

Al

[2]

M1

Al
AG

[2]

(Al) for correct approach

(M1) for simplification

Al

3]

10



(€)

(f)

£7(x)=0

(x* -36)°
2X(x* +108) =0
x=0 Al
X x<0 x=0 | x>0
') | - 0 +
f"(x) changes its sign at x=0 only. M1

Thus, there is only one point of inflexion of f(x). AG

Let — X = A + ,Where A and B are
X°—-36 X+6 X-6

constants.
X _  Ax-=6) N B(x+6)

X2 =36 (Xx+6)(x—6) (x+6)(x—6)
X _ AX-6A+Bx+6B

x2—36  (x+6)(x—6)

x=(A+B)x+(-6A+6B)

1=A+B

B=1-A

0=-6A+6B

0=—6A+6(1-A)

12A=6

1

2

A=

~B=1-1
2

B
2

) X _ 1 N 1
" x*-36  2(x+6) 2(x—6)
f(x)= 1 + !
2(x+12-6) 2(x-6)
f(X)=g(x+12)+g(x)

1

2(x—6)

S g(x) =

SE Production Limited

M1

Al

Al

Al

Al

[3]

[5]
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(@) X=-5, X=5 A2
[2]
(x? = 25)(2x) — (x* + 25)(2X)
(b) f'(x)= (< —25)° (A1) for correct approach
F1(x) = 2x° —50% — 2x° —50x
(x* —25)?
100x
f'X)=—m— Al
9 (x* —25)?
[2]
() f'(x)=0
_100x M1
(x* —25)°
100x=0
x=0
By the first derivative test, M1A1l
X X<-5 X=-5 -5<x<0 x=0 O0<x<5 X=5 X>5
f'(x) + Undefined + 0 - Undefined -
Thus, there is no local minimum of f(x). AG
[3]
2 2 _ 2
(d) f"(x)=-— (x“—25) (100()(x 2(10205)2()22)()( 25)(2%) (A1) for correct approach
£7(x) = —100(x* —25)° + 400x* (x> — 25)
(x* —25)*
_ 2 2
£7(x) = 100()(‘)(2 22; 400x (M1) for simplification
£7(x) = —100x? + 2500 + 400x°
(x* —25)°
2
£7(x) = 100(23x + 235) Al
(x* —25)
[3]
SE Production Limited
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(€)

(f)

f"(x)=0
100X +25) _

(x* —25)°

100(3x* +25) =0
3x2+25=0

X2

%
3

Therefore, f"(x) =0 for x=-5, x#5.
Thus, there is no point of inflexion of f(X).

(i)

(i)

f(x)zi+i+c
X+5 X-=5

x*+25_ A(x-5)

x?—25  (x+5)(x—5)
B(x+5) +C(x2—25)
(x+5)(x=5) x*-25

X*+25 AX-5A+Bx+5B+Cx*—25C

X225 (X+5)(X—5)

M1

Al

AG
[2]

M1Al

x* +25=Cx*+(A+B)x+(-5A+5B—-25C) Al

Cc=1
0=A+B

B=—A
25=_5A+5B—25C

. 25=_5A+5(—A) - 25(1)
10A=-50

A=-5

~.B=—(-5)

B=5

y=1

SE Production Limited

Al

Al

Al

Al
[7]
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1. @ V :erzejh Al
1.,
50=§r oh M1
h=100 AG
r<o
[2]
(b) A= 2(% r20j+(r¢9)(h)+2(rh) (M1) for valid approach
A=r’0+r6h+2rh
A=r’0+ re(lg—oj+2r(liﬂ) (M1) for substitution
r<o reo
a=rig+ 20, 20 Al
r ro
[3]
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(©)

(d)

r=ré
=1 Al
A= r2(1)+@+@
rr@
a=r? 30 Al
r

dA_ 2r +300(-r?) Al
dr
d_A =2r _3_020
dr r
6,
dr

230 _g vt

r
2r®-300=0
r* =150
r = 3150 Al
By the first derivative test, M1A1l
X 0<x<3150 | x=3150 | x> 3150
dC
— - 0
dx "
Thus, A attains its minimum when r =3/150 . AG
[7]
300
(3150)% + —— =k3/22500 M1) for setting equation
300
I150° + — k3150
3150
150+ 300 =k (150) (AL) for correct approach
450 =150k
k=3 Al
[3]
SE Production Limited
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(€)

L 100
(/150 (1)

he 100
350
. 1003/150
150
h= E 3150
3
h:gr
3
~b=2
3

SE Production Limited

(M1) for substitution

(A1) for correct approach

Al

[3]
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(@)

(b)

(©)

A=27r%+2xrh+ 7r?
A=37zr?+2xrh
125=37r? + 2zrh
125 3.

2rr 2

he 125 3

S r 2

h:r=11:1
hou
R
h=11r

2zr 2
.'.11r:%—§r
2zr 2
125 3,
=———r
27
25r2—125

2 2r

11r®

SE Production Limited

Al

M1

AG
[2]

(AL) for correct approach

(M1) for substitution

(AL) for correct approach

Al

[4]
(M1) for valid approach

(M1) for substitution

Al
[3]
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(d)

(€)

125 5

V=—"r——2ar
2 6
dv 125 5
— =)= 7x(3r? Al
ar - 2 Dg7Cr)
dv. 125 5
— =17
dr 2 2
Vv _,
dr
.-.12—5—57”2:0 M1
2 2
125-57zr2 =0
ar?=25
25
r=,—
T
5
r=— Al
Jr
By the first derivative test, M1A1l
0<r<i r—i r>i
' N N N
dv
uh 0 —
dr *
Thus, V attains its maximum when rzi. AG
N
[5]
3
125( 5 5 5 25
— | —=|-—=x| = =,]— M1) for setting equation
Z(JZJﬁ[«/Zj = (M) for setting 4
625 B 625 625
YNEEE NN
625 625
—_—— = Al) for correct approach
Wr Jke (A1) pp
3 =k (M1) for valid approach
97 =kr
k=9 Al
[4]
SE Production Limited
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(@)

(b)

R*=0P?+r?

oP=R2-r?

V =17rr2h
3

~V :%ﬁrz(R+OP)

-V Z%ﬂ'rz(R+’\/R2—r2)

VZ%ﬂrz(R+\/R2—r2)
N L enRJR =)
dr 3

Lo E;}(—Zr)
3 2\/R* —r?

d—Vzgﬂ'l’(R+’\/R2 —rz)—%ﬂr{#j

dr JR? —r?
dv _2zr(RVR*-r?+R°-r?)  ar’
dr 3WR? —r? 3R —r?
dv  ar(2RyYR*—r? +2R*~2r’ —r?)

dr 3WR* —r?

dV _ zr(2RVR?—r? +2R* -3r?)

dr 3WR*—r?

SE Production Limited

(M1) for valid approach

(A1) for substitution

Al
[3]

M1A1l

Al

M1

Al

AG

[5]
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(©)

(d)

v

—=0
dr
2r(2RJRE—r? + 2R? —3r?)
=0 M1
3WR? —r?
2R\R? —r? +2R*-3r* =0
2R\/R? —r? =3r* —2R?
AR(RP=r?) =(3r* —2R?)? M1
4R* —4R%r* =9r* —12R*r* +4R* Al
8R’r? =9r*
2= SR
9
_x2, Al
3
By the first derivative test, M1A1l
r 0<r<&R r:&R MR<r<R
3 3 3

dv

hakdl 0 _

dr "
Thus, V attains its maximum when r = % R. AG

[6]
1, 8 R® || R+ ’RZ _8 R? |= L7rR3 (M1) for setting equation
3 \9 9 81
8 R R+ fle LI
27 9 81
8 1 kK 5
— 7R R+=R [=—7zR (A1) for correct approach
27 3 81
E7zR2 ﬂ Rj = L7zR3
27 3 81
32 5 k 3
—nR>=—n7zR (A1) for correct approach
81 81
k=32 Al
[4]
SE Production Limited 20



(e The minimum capacity

= f7ZR3 —gﬂRS
3 81

:EﬂR3
81

SE Production Limited

(M1) for valid approach

Al

[2]
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(@)

Let | be the distance between the centre of the top

square face and one of its vertices.

12 4+1° =x

212 =x?
«/Elzx
X

2

2

By considering a pair of similar triangles,

SE Production Limited

M1

Al

M1

M1

AG

[4]

(M1) for substitution

Al

[2]
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dv J2H

c —— =H(2x)———(3x? Al
(© v (2x) R (3x%)
d—V:ZHX—?’\/?H x? Al
dx 2R
Vv,
dx
.'.2Hx—3\/_ﬂx2:0 M1
2R

AHRX —32Hx% =0
AHRX = 3v/2Hx?

4
X=—=R
W2
X= & R Al
3
By the first derivative test, M1A1l

22| 22| 22

X O<x<——R ——R<x<R
3 3

dv
- 0 _
dx *

2\2

Thus, V attains its maximum when X = T R. AG

[6]
(d) The maximum value of V

_ H[& R]z_@(&RT

(M1) for substitution

3 2R 3
=H (§ sz—@ @ R® (A1) for correct approach
9 2R 27
= 8 HR? _16 HR?
9 27
-8 pr? Al
27

[3]
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(€)

The total surface area

= 2X% +4xy
AL B
3 2R
2\/_ 2H
‘2(9Rj (3 J(H_?)
:@RZ ﬂ[ER)
9 3| 3
160, 8J'
9
:§R(2R+\ﬁH)

SE Production Limited

(M1) for valid approach

B (A1) for substitution

(A1) for correct approach

Al

[4]
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1.

(@)

(b)

X* +y? =50
i(x2)+3(y2) =%(2500)

ZX% +2y— dy
dt dt

X +14% =50

x> =2304

X =48

=0

- 2(48) % +2(14)(10) =0

06 X _ 280
dt

dx 3B
= ms

dt 12

Let =O0BA.

sing =
50

diy

Lo -5 2]
cos gd_e_id_y
dt 50 dt

sin9=E
50

14 do
(BT L
50) dt 50

2400 1
25dt 5
dé 5

— =—rads™
dt 24

SE Production Limited

(M1) for valid approach

(A1) for correct approach

Al
Al

[4]
(A1) for correct approach
(A1) for substitution
Al

[3]
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(@)

(b)

x2+y2:H2

d o, d, , d

— () +—(y*)=—(H
g O g () =4
dx dy ., dH

2X—+2y —=2H —
dt dt dt

- 2X(40) +2y(9) = 24(X* + y?

dH
40X +9y = \(X* +y? —
y y at

dH  40x+9y

E_ {X2+y2

40=%:>x=40t

9=%:> y =9t

. dH _ 40(40t) +9(9t)

" Jaony - @°
dH 1681t
W 4
aH
H

41

)

aH
dt

SE Production Limited

Al

M1
Al

Al

AG

[4]
(M1) for valid approach

(AL) for correct approach

Al
[3]
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z=xy’+Iny

i(z) =E(xy2)+i(|n y)

i (dt]( )+ ()[ Y

%_yz% 2Xy_|_1 d_y
dt dt y ) dt
5=xe’+Ine
4 = xe*

4
X:e—2

Ly

y dt

e
dt e e e

SE Production Limited

(M1) for valid approach

(A2) for correct approach

(M1) for substitution

(A1) for substitution

Al
[6]
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sin”
sing_ " g

X 60
sing 1

x 120
x=120sin g

d d .
m (x)= o (120sin f)

X =120cos B 4
dt dt

.n T
sing St 6
602 60
V2

2

sin g =

zdp
..9042 =120cos ——
J_ 4 dt

L (\2)dp
902 _120(7 T
90/2 = 6042 Z—f

a5 _ 1.5rads™
dt

SE Production Limited

(M1)(A1) for substitution

Al

Al

(A1) for correct value

(A1) for substitution

Al
[7]
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1.

s*+4s+5t" =0

d,, d d .. d
—(s°)+—(4s)+—(5t")=—(0
dt( ) dt( ) OIt( ) dt()

25%+4§+20t3 =0
dt dt

(2s+4)% = _o0r°
dt

ds _ 20t°
dt 2s+4
ds 10’
dt S+2
(s+2) d (10t%) - (10t°) d (s+2)
d’s dt B dt
dt? (s+2)?
d’s (s+2)(30t2)—10t33:
at? (5+2)°

—=- +
dt> s+2 (s+2)°
d’s 30t 100t°

a2 s+2 (s+2)°

d’s  30t* 10’ (_10‘[3J

SE Production Limited

(M1) for valid approach

(A1) for correct approach

Al

(A1) for correct approach

(M1) for substitution

Al

[6]
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s=tan't?

ds 1
T(u(ffj(m)

ds 2t
dt 1+t
d’s _ (1+t*)(2) - (2t)(4t%)

dt? (1+t%)?

d’s _2+2t" -8t

dt? (1+t*)?

d’s _ 2-6t*

dt>  (1+t%)?

[ _ 2-6(/2)"
dt’l_, (@+(2)*)?

dt? 25

_ -2

ms

t=\2

s=log,(3—2¢")

B[ 1 e
d ((3-2e)In4
ds 2¢'

dt  (3-2¢')In4
d’s 1 [(3-2e')(2e")—(2¢')(-2¢")
dt?  In4| (3—2¢")?

d’s 1 _6e‘—4e2‘+4e2‘}

dt? 4| (3-2¢")’
¢ e
dt®>  (3-2¢')’In4
- d_ZS o 6e|r‘|2

dt? ., (8—2e"?)*In4
ds| 62
d?| .~ (3-2(2)%In4
d’s 2
[ T

t=In2

SE Production Limited

(A1) for correct approach

(A1) for correct approach

Al

(M1) for substitution

Al

Al

Al

Al

Al

M1

AG

[5]

[5]
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(@)

(b)

s =tarccost

ds
& = (D(arccost) + (t) {—

)

ds
— =arccost —
dt

1-t?
& _,
dt
By considering the graph of y =arccost — t =,
1-t
t =0.6521846.
~.1=0.652
V1-t)@) —(t —2t
@ ( @) - ()[ \/—]( )
dt* ¢ (W1-t2)?
t2
, 1-t? 4 ———
ds_ 1 1-t°
dt2 -2 1-t°
d’s 1-t? 1-t? t?
a2 3 3 3
(-2 (@-t%)? @-t%)?
d’s 2+t
2= 3
dt (1-12)2
sk=-2

SE Production Limited

(A1) for correct approach

(M1) for setting equation

Al
[3]

(A1) for correct approach

(M1) for valid approach

Al
[3]
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1.

@ The triangles ABP and PCD are similar.
. CD _11-x
X 4

CD =%x(11— X)

cD=-1yx2 1y
4 4

1
(11—x)(—x2 +xj
TGN 4 4

() () 5 5

H :2x+(11—x)(—£x2+1—1xj
8 8

11 ,

H=2x—-—x 121
8

1, 11
+ X+ =X
8 8

__X2
8

Holye e 17,
8 4

. dH 1 11 137
i) ——==(3x)-—(2X)+—-(L
@ =g @0
dH 3, 11 137
==X == X+—

ax 8 2 8

aH_,

dx

.‘.§x2—1—1x+gzo
8 2 8

3x* —44x+137=0
By considering the graph of

y =3x* —44x+137, x =4.4853321 or

(M1) for valid approach

Al

(M1) for valid approach

(AL) for correct approach

Al

(A1) for correct approach

(M1) for setting equation

x=10.181335.
By the first derivative test, M1Al
X 0<x<4.4853321 X =4.4853321 4.4853321< x <10.181335
dH /dx + 0 —
X x=10.181335 | 10.181335<x<11 x=11
dH /dx 0 + +
Thus, H attains its local maximum at
X =4.4853321. R1

When x =4.4853321,

SE Production Limited

[2]
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(©)

(d)

-1t (4.4853321)3 - % (4.4853321)

13—7 (4.4853321)
H= 32.76585438
When x=11,

137

1.5 11, .,
H =20 - @)’ +=-a)

H=22

Hence, the maximum value of H is 32.8.

(i) x=4.49
tanH:ﬂ

X
seczed—gz—i2

dx X
d_e 4cos’ 0

x?

4
_:__2
do 4
dx 16+ x*
dH _dH do
dx dg dx
3, 11 137 dH( 4
XX+ = — >
8 2 8 do\ 16+x
3x2—44x+137_d_H(_ 4 ]

8 do\ 16+x?
dH  (3x* —44x+137)(16+X)
do 32

SE Production Limited

(M1) for susbtitution

Al

Al
[11]

(AL) for correct approach

(M1) for valid approach

Al
3]
(M1) for valid approach
(A1) for substitution
Al
[3]
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(a) K :2(%(x—1)(6—x)zsin 60")

g

K =(x-1)(36-12x + XZ){7

(A1) for substitution

K= ? (—36+48x—13x* + x°) Al
[2]
(b) Q) Z—K = g (0+48(1) —13(2x) + 3x?) (A1) for correct approach
X
d—K:ﬁ(48—26x+3x2) Al
dx. 2
. dK
I —=0
(ii) ix
?(48—26x+3x2) =0 (M1) for setting equation
3x*—26x+48=0
(3x—-8)(x—6)=0
X= g or x=6 (Rejected)
By the first derivative test, M1A1l
X O<x< 8 X= 8 8 <X<6
3 3 3
dK
il 0 _
dx "
Thus, K attains its maximum at x =§ R1
The maximum value of K
2 3
_ B g5, 48@_13(%) (ﬁj
2 3 3 3
_ 25043 AL
27
8
ii X=— Al
(iii) 3
[8]
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(©)

(d)

BC? = BD? + CD? — 2(BD)(CD) cos BDC (M1) for cosine rule
C*=(x-1)°+(6-x)"—2(x—1)(6—x)*cos60° (A1) for substitution

BC? = (x—1)* + (6 —x)* — (x—=1)(6 — x)*

BC = \/(x—=1)? + (6 - X)* — (x~1)(6— X)?

By considering the graph of

y == +(6-x)" - (x-1)(6-x)°,

3.0634008 <y < 25.

Thus, the range of values of BC is 3.06 <BC < 25.A2

[4]

When K attains its maximum, x —%

e LR R T

BC =10.378634 Al
BC <25

Therefore, BC does not attain its maximum when

K attains its maximum.

Thus, the claim is disagreed. Al

[3]
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(@)

(b)

DP? +250% = x°
DP = /x* —62500 (AL) for correct approach
AP PC

T=—+
2 4

_Xx, 500 —+/x* — 62500
2 4

_ 2x+500—+/x* —62500
4

(M1) for valid approach

T

T Al

[3]

1
Q) ?j_T = %[2(1) +0 —%(x2 —62500) 2(2x —0)] (A1) for correct approach
X

d_T_i[z_;J
dx 4 Jx? 62500
dT 2/x% —62500 — x AL

dx 4Jx2—62500

ar _
dx

~ 24/x* —62500 — x 0
43X -62500

24/x* —62500 —x =0
2/ 62500 = x

4(x* —62500) = x*

4x* — 250000 = x* (A1) for correct approach

3x* = 250000
. 250000
X =

(ii) 0

(M1) for setting equation

3
500+/3 5004/3
3

or X=-—
3

By the first derivative test, M1Al

3 500+/3 . 5003ﬁ . 502\5

X= (Rejected)

X 250 < x

dT

— - 0
dx *

50(:);@ .R1

Thus, T attains its minimum at X =

The minimum value of T

SE Production Limited
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2
S E e

4
=233.2531755
=233s Al
@) x= —500\@ Al
3
[9]
(0 L=AP+PC
L = x+500—+/x* —62500 Al
1
d—L=1+0—1(x2—62500) 2(2x-0) Al
dx 2
dL X
e AG
dx JX* —62500
[2]
(d) When T attains its minimum, X =M.
By considering the graph of
y = X+500—+/x? —62500, the graph of L is
concave upward. (M1) for valid approach
2
.'.d—|2'>0 for x>250
dx
i(d—LJ>O for x>250 R1
dx \ dx
dL . . : .
Therefore, ™ is increasing when T attains its
minimum.
Thus, the claim is agreed. Al
[3]
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(a)

(b)

(©)

g(x)=e™
9'(x) = (€7™)(~2x)
g'(x) = —2xe™

9"(x) = (-2)(e™) + (-2x)(e™)(-2%)

9"(x) =2 +4x%e™
9"(x) = 2™ (2x* -1)

O<x<i

J2
0<x2<l
2

0<2x’<1
—1<2x*-1<0

2
e >0 for all values of x.

1
20"(X)<0 for O<x<—.
g"(x) 72

Thus, the graph of g(x) is concave downward for

0< x<i
N

(i) OA=e”-0
OA=1
BB =e¢™ -0
BB =¢ ™

CC'=e?2
1
e — (1
" (e +e 2)
h
r_Gre)h) 2
2 2
T:h+he*“2
2
1 . 1 1 " A
—=e " +—=e?-he" —he?
2 2
+

SE Production Limited

(A1) for correct approach

(A1) for correct approach

Al
[3]

Al
Al

AG

[2]

(A1) for correct value

(A1) for correct value

(A1) for correct approach
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1 1
_2h++2e™ +2e 2 —2he 2

T Al
4
N ar 1 " 1
(i) P 2(1)+\/§e (-2h)+0—2e 2(1) | (ALl) for correct approach
dT 1 2 -1
—=Z|2-2J2he™ —2e 2
dh 4 V2 J
dT 1 P
—=>|1-+2he™ —e 2 Al
dh 2 V2 j
dT
il —=0
(iii) m
1
%(1—\/§he“2 —e 2} =0 (M1) for setting equation
, L
1-J2he™ —e2=0
By considering the graph of
1
y=1-+2he™ —e 2, h=0.3054287.
By the first derivative test, M1A1l
1 1
h | h=0 | 0<h<0.3054287 | h=0.3054287 | 0.3054287<h<—= | h=—
V2 V2
dT
- 0 _ _
ah + +
Thus, T attains its maximum at
h=0.3054287 . R1
The maximum value of T
2(0.3054287) + /26 035427
1 1
 +J2e 2 -2(0.3054287)e 2
4
=0.5965926
=0.597 Al
(iv)  h=0.3054287 Al
[12]
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1 1
Ts 2(0)+/2e " +/2e 2 —2(0)e 2

(d)
T> —ﬁ+fe2

4

SE Production Limited

M1

Al

AG

[2]
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