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CHIJ St Joserh’s Convent/Prelim Exam 2016/P1 (

Answer all questions.

4

Express ll) in partial fractions. (5]
x—
(i) Prove that cosec (60°—6)= - (3]
cosé (ﬁ —tan @) '
(i) Hence find, in surd form, the value of cosec15°. 4]
(a) Find the term independent of x in the expansion of (2x _71_;)10 : 3]
x
(b) It is given that in the expansion of (5+ px)", the coefficients of % and x*are the same,
Express n in terms of p. [4]
() The equation of acurve is y =(a+2)x’ —3x+(a-1).
In the case where a = 3, show that y =7x-3is a tangent to the curve. (3]
(b) Given that (m— 4)x2 <3x-m, show that m cannot be positive. (4]
(a) Sketch y= |x(1 - 4x)} , indicating the coordinates of the maximum point and intercepts.

(b)

!

Hence, state the range of values of & such that = k gives more than 2 solutions. [4]

P
2

The diagram shows the graph of y =1—|x— 5| where the x-intercepts are 4 and 6.

/\y=l—|x—5i
> X
0 4 6\

If aline y=mx+c isto be added to the diagram above, dctcrmhe a possible value for m

and ¢ if
(i) there is 1 intersection between the 2 graphs, Ry
(i) thercare infinite intersections between the 2 graphs. [2]
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(a) A curve has the equation y =ex In(3x), where x > 0. Find an expression for %
5In(3x)+2
Hence find | ——=— dx. 4

j 12 [4]
(b) Itis given that y =6e"*"'. Find, in terms of e, the rate of change of x at the instant when

x =5 if y is decreasing at the rate of -;-e units per second at this instant. [4]

It is known that x and y are related by the equation my = n(2™), where m and » are constants.

X 1 < 3 4 5

y 0.566 0.80 .13 1.60 2.26
(i) Plotlgy against x and draw a straight line graph. - [2]
(i) Use your graph to estimate the values of m and n. (4]
(liiy By drawing a suitable straight line, solve the equation y =0.9", (2]

A cylinder of radius » cm and height 4 is inscribed in a cone of base radius 5 cm and height 20
cm. The cross section of the solid is shown in the diagram.

r 20 cm

I

B ——
5cm

(i) Show that the volume within the cone but not occupied by the cylinder, V, is given by
500 hy
IO )

(if) Find the stationary value of ¥ and determine whether it is maximum or minimum,  [6]




9 (a) The equation of acurve is y = fbs?HOx’ . Given that its normal at x = 2 will never meet

the y-axis, find the value of & (3]

(b) A curve has the equation y=2cos?3x for 0< x S 7. Find

@ the equation of the normal at x = {-ri, _ (4]

(i)  the x-values on the curve whose tangents are parallel to the normal at x = 1—’;— . [4]

10 Ay

D (0, 8)

A C(15,0) ox

¥d

In the diagram, ADC is a sector of the circle with centre C and BDCE is a straight line. The line
AB is parallel to the y-axis and points C and D are (15, 0) and (0, 8) respectively.

(i)  Show that coordinates of 4 is (~2,0). [2]
(ii) Find the equation of the line that passes through A and perpendicular to the line BC. [2]
(iii) Find the coordinates of E if the ratio of area A BC: area ACE is given to be 2:1. [5]
(iv) Given that ABFE is a kite, find the area of ABFE, [2]

~ End of Paper ~
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cosec (60° -6) =
( ) cos6 (v/3 - tan 6)

LHS
_ 1
" sin (60°~6)
_ 1
" sin 60°cos @ —cos 60°sin 8
1
5

(-?3) cos? - (-;—)sin 6

_ 2 +C0s &
" Bcosf-sing +cos@
— 2 -
" cosf (V3 ~tanf)

o

RHS  (shown)

a Qn ‘.lu)etail(-:d Workmg R Mark Distribution
4
] 8x” +1 =4x* +2x+1+ x+1 M1 (for correct
x(2x-1) x(2x~1) quotient from long
division)
x+1 A B
==+
x(2x-1) x 2x-1 Ml
x+1=A(2x-1)+Bx
Letx=0
==t M1, M1
(for A and B)
Letx=0.5
0.58=1.5
B=3
4
L SIS 7 S T S Al
x(2x-1) x 2x-1
2(i) 2

M1 (for applying
Addition formula)

M1

Al




2(ii)

cosec 15°

= cosec (60°-45°)

_ 2

" cos45° («/5 —tan45°)

_ 2

"~ c0s45° (/3 —tan 45°)
2

—7]50/5—1)

2V2_ (V3+1)
B-1) (3+))

=\/§(J§+l) or V6 ++2

M1 (for 8 =-45°)

M1 (for special £s)

M1 (for rationalising)

Al

3(a)

1

1 1o
(2x 7:)

Tnl :
= IOC, (2x7.)\0-r (__x-ﬂj)r
- lOC, (z)lﬂ-r (_l)r (x)lﬂ-lr—o.ir

=1 OC'. (2)10—r (___ l)r (x)!o—-l.Sr

20-2.5r=0
r=2_8

T, =10G,(2)'(-1)* =180

M1

M1

Al

3(b)

(5+ px)”
T o ="

n(n=1)(n-2)(n-3) c\n-a 4=n(n—1)(n~2) w3 3
I1x2x3x4 Gr"p 1x2x3 P

e n-4 4__:5»»33
2 )Y p =()"p

n-3
—_— =5
3 p

n=£)-+3

p

| n=3

M1 (for specific term
or correct expansion)

M1, M1 (for applying
"C, formula to both
sides)

Al




4(a) y=(a+2)x* -3x+(a-1)
Leta=3,
y=5x"-3x+2
55 =3x+2="Tx-3 M1
" M1
5x* -10x+5=0
D =(-10)* —4(5)(5) =0 B1
Therefore y = 7x—3 is a tangent (shown).
a@m) | (m=-ax <3x-m
(m-4)x* -3x+m<0 .
(=3)% = 4(m - 4)(m) <0 M1 (for D<0)
9-4m(m-4)<0
4m* -16m-9>0
@m+1)2m=9)>0 M1
m< -l, m> 4l M1
2 2
) 1 B1
Since m—4 <0, thusm < —-—2-.
. m cannot be positive (shown)
5(a)
shape -B1
turning pt &

x-intercepts - Bl
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2Jx

'5—212 =k
2
l[x-zsx’f:k
2
Bx(1-4x)| =2k M1
1
0<2ks—
16
0 ksl
k=233 Al
sy | =0 ¢=1 Al
OR any other relevant answers
5(b)(ii) (5, 1) and (4, 0)
m——l-:-o——l
5-4 M
y=0=1(x-4)
o y=x-4 Al
' Alternati -
OR fernative answer.
(5, 1) and (6, 0)
i M1
5-6
y-0=-l(x-6)
y=-x+6 Al
6(a) y= ex In(3x)
1
0 L g% In(x) + - evx M1
dx 2 X
_ eln(3x)+ e
23x 7;
_eln(3x)+2e
20/x
. EinGx)+2] Al




Ls BN+ e EEREHE

2Jx "
5In(3x)+2
BITITE e
J 2Jx
=[x @)}
=+/5In15-In3
=496 "
6(b) y=6€m
4 M1
_.=6 x Cong 1 o
= e 2("' 7 |
13 & o
2 Jx-1 adt
T M1
SN e ]
%=_-;-e units/s "
e M1
5 r
207 =100—5h
_100-54
20
5L
osd M1
1 g P
V:—-n‘(S) (20)"”(5—_’1) i
_ 5007: (5=~ h)’ zh (shown) Al




5007

8(ii) V-—-————(S—-h) wh
500” —25mhA Sk =
2 16
dv 3,
-C-E=—257r+57rh—-1—6-7rh M1
3
—h* —5h+25=0
16 M1
h=20 (rej), h=6—§-cm Al
ﬂ:Sn’—ﬁ—nh M1
dn? 16
=5n—%7r(6%)>0 (min) Al
V~—5—()39—75~(5 x6 )27r(6—-) 291cm? Al
9(a) y=-§-+10x’=-5-x*2+10x’
oc? k
dy -10
~ = +30x M1
dx k¢
—1—9-+30x =0 M1
s’
~10+30kx®
TR
10=30k(2*)
1
k= Al

96




9(b)(i) | ¥=2c0s'3x
%=—120083xsin3x M1
T w
= -12c083()sin 3(=) = -6
m, cos3(12)sm (12)
1
m" - 6 Ml
w w
=—,y=2c0s*3(—) =1
x=1py = 2008 )
1 7
J’-l-g(x 7 M1
y=-1-x+ == Al
6 72
Y)W | ~12cos3xsindz = M
-6(2sin3xcos3x) =}6-
sin6x=—L M1
36
o =0.02778
6x=3.1694,6.2554,9.4526,12.5386,15.7358,18.8218 Al
x =0.528,1.04,1.58,2.09, 2.62,3.14 Al
100) | U5—-0)*+(0—8)’ =17 units M1
A=(15-17,0)=(-2,0) Al
10(ii) _3-0__38
M =015 15
15
8
Equation of line L. BC:
y—0=%(x+2)
1515 Al
YT

70




Equation of line BC:

10(ii)
8
—8=—=—(x+0
¥ 15(x )
y=——8-x+8 M1
15
Let B(-2, y)
8 136 _ 1
oY e o e
G TR AR TaT:
1
B(—2,9-1—3-) Mi
ABC & ACE share the same base AC,
Hence, L height of E to x-axis should be %of AB.
1,1 68 8
L height of E to x-axis = —(9—) =25 = 4.5
eight of E to x-axis 2( 15) Tk T M1
8
Let E(x,~4—
et E( 15)
-4]i=-li(x)+8 Ml
o 51 5
' x=23-
2
1 B
E=(23=,~4— Al
( 2 15)
lo(iv) Area of ABFE = Area of Z(ABE)
2 2 Y, M1
1 2
T3l 136 68 x2
0 — -— 0
15 15
=231.2 units? Al
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‘ ., dy k
The curve for which e Grro)y

to the curve at (-2, 0) is perpendicular to the line 5y = x—1. Find

—1, where k is a constant, is such that the tangent

() thevalue of k, (2]

(it) the equation of the curve. 3]

The roots of the equation x* =mx—2m* are @ and f. Find, in terms of m, an

equation whose roots are —15- and % ; (6]
a

(r) Without using a calculator, find the value of ¢ given that

e 6 — :
34+3J1‘2'§_(7.2.. c). [3]

(b) The volume of & cylinder is (9 +\/3_6)7r cm’, Given that the cylinder has a radius
of (2 +\/§) cm, find, without using a calculator, the height of the cylinder in the

form “*f‘li. [4]

An object is heated in an oven until it reaches the temperature of 90 °C, It is then
allowed to cool, Its temperature, 7' °C, when it has been cooling for time ¢ minutes, is

i/
given by the equation T =k +he ', where k and / are constants,

Given that the temperature of the object is 40 °C when it has been cooling for exactly

(10In3) minutes, show that k=15 and A=75. [3]
(i) Calculate the value of Twhen t=10. [1]
(if) Determine the rate at which T'is decreasing when ¢ = 25. [2]

(iii) Find, to tﬁc nearest minute, the time taken for the temperature of the object to
drop below 35°C. [2]



6d

8

(8) Express yin terms of x, log, x*y =3+ log, x -

]
log, 5" 4

y

(b) Solve the equation log,(x + 5) - log ;(x—-1)=1log,2. 4]

A cubic polynomial f(x) is such that the coefficient of x’is 6, It is given that one of
the roots of the cquation f(x)=0 is —;1 and [2x? +(2k +1)x—3] is a quadratic factor of
f(x). Given further that f(x) leaves a remainder of 30 when divided by (x—2), find

() thevalue of k and hence, factorise f(x) completely, [4]

(i) by using the result from part (i), the number of real roots of the equation
f(x)=15(1-2x), justifying your answer. 4]

The diagram shows a circle 4BCD and the tangent ST of the circle at point C. B and C
biscct AT and ST respectively. Prove that

(i) AABC is similarto ASDC, [4]
(i) AS =£Cf"cﬁg. (4]
A
B
D
S c T

(i) A circle passes through the origin O and cuts the x- and y-axes at 3 and 4
respectivcly. Find the equation of the circle in the general form. [4]

(i) Given that OP is the diameter of the circle, find the equation of the tangent at P.[3]

(i) Another tangent at O, which is parallel to the y-axis, meets the tangent found in
part (ii). Find the points of intersections between the two tangents (3]




e

(

9 () Giventhat y=x'Inx’, show that % =3x(1+2Inx). 3]

(i) The diagram shows part of the curve y =xInx cutting the x-axis at point P. The
line x = e intersects the curve at point Q.

(a) Find the x-coordinate of P, (2]
(b) By using the result from part (i), show that the area of the shaded region
bounded by the x-axis, the line x = ¢ and the curve is %(e’ +1). (4]

Y

A

10 (i) Express 3cos24+4sin24 inthe form Rcos(24 — ), where 0°Sa <90°, (2]

(i) Hence solve 3cos24+4sin24 =4 for 0°< 4 <180°, (3]
(lii) On the same axes sketch, for 0° < x < 60°, the graphs of [3]

Yy =2sin6x and y=2—%cos6x.

(iv) Explain how the solutions of the equation in part (ii) could be used to find the x-
_ coordinates of the points of intersection of the graphs of part (iii). 2]

12




oLd

11 A particle moves in a straight line such that ¢ seconds after passing through a fixed
point O, its velocity, v m/s, is given by v = 24 cos(2¢). When ¢ =0, its displacement

12

from O is —6 metres. Find
(i) the magnitude of the acceleration when ¢ =1,
(ii) the value of f when the particle first reaches the fixed point O,

(iff) the distance travelled by the particle up to the second instantaneous rest.

A curve has the equation y = (x—2)(x +1)°.
dy

(i) Find an expression for Fos

(ii) Find the x-coordinates of the stationary points.

(2]

(2]

(i) Without determining the nature of the stationary points, show that y decreases as

x increases between the stationary points.

(iv) Determine the nature of the stationary points.

(3]
[4]
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aD+sy

k=4 Al
(®) y___ 4
& (2x+5)°
4
- -1
y=] (2x +5)
"G ™
Sub (=2,0), 0=1-(-2)+¢
c=-3 Ml
ST N
2 x! —mx+2m* =0
a+f=m ' Bl Either sum or
af =2m’ product
@+ p’ = (a+ p)(a+p)’ ~3af] Ml
=m[m* - 3(2m*)]
=-5m’ Al
1 1 2+p
;’-Jr?: o p
-5m’ '
@2m*y Ml
2
8m’
1,11
a] ﬂJ (aﬂ)!
1
- 2m?)’ Ml
_ 1
8m®
5
el
Bmtx? +5m’x +1=0 Al

33




(

RN R o e hEet  asag® n® T
¥ s Vil g B RN ST g . R N o oS8
P o LRI SR A AT S @ A
n T . M ] /
J g b LI S ST e YO IO T
B s we gee % e & % Sy e% Bl g0 o
nE s

+ | AWarded | | Remark

=-0.616 °C/min

30) 6 2
34+3J128=(—~—c)
2
3442442 = (342 - ¢)? 1
34+ 2442 =18-6¢v2 + ¢! M1
344242 =184+ ¢ - 6¢/2
24 =-6¢
c=—4 A]
() | 72 +v2)h=(9++50)7 Ml
(6+4+2)h =9 ++/50
9452 3-22 M1
23+242) 3-2V2
=27-3J5-2o 1
2(9-9)
_1-3\2
2 Al
v 4 1t
=4 T=k+he ™
-1 (=0, 90=k+h Ml
t=10In3, 4o'=k+§ M1
50=24
3
h=175 k=15 Al
D |r=10, T=15+75¢"
=42.6° BI
i i
(t) T=15475 "
f
d—T=75(~i)e'—°
dr 10
5w M1
2 .
ar| _ 15 -
df,s 2 Al




x=--;—(NA), x=3

Qi) 2 Aﬁ’,ﬁ‘w +:, Remarks: . -
(iif) - Accept working
15-:-75e %43 which is in the
e 10t equation form
15
t 4
—-_—<Iln—
10 15 Ml
4
t>10ln—=13.2
15
t=14 Al
5(a) 1
logsx’y =3 +log,x-2logy5
logs x*y =3+ log x—-!-log y
s T Ml Change of base
2log,x’y =6 +2log, x~log, y
2
log, (x?y)* = 6 + log, =
: Y
2.2 %
logs(x"y)* ~ logs—=6 Evidence of using
. Y Ml Power / Product /
log (x 24 Y 6 Quotient law
x
nyJ = 56 )
p Ml Index form
-
25 2
b 4 - o.c Al Accept x?
®) | log,(x +5)—log 5(x—1)=log,2
log,(x +5) - —0—839——]2 =log, 2 M1 Change of base
log, 32
log,(x +5) - 2log,(x~1) = log, 2
log, : +1) =log,2 Ml Quotient rule
x+5=2(x"=2x+]) Ml Index form
2%’ —5x~3=0
Qx+1)(x—-3)=0
Al No Al if invalid

ans is not rejected

T4




l‘ mr Mgi.k‘ & "“,' i '\,:.. 'f ey, .
sk RN it - Awarded, [+ Remarks .
6() | f(x)= (3x-4)[2x* + (2k+1)x-3] M1
f(2)=130 Ml
2[8+(2k +1)2-3]=130
542(2k+1)=15
2(2k+1)=10
k=2 Al
f(x) = (3x—4)(2x* +5x=3)
=(3x-4)(2x - 1)(x+3) Al |NoAlif givenas
f(x)=0
(i) | f(x)=1501-2x)
(3x-4)(2x-1)(x+3) =-15(2x 1)
Bx-4)2x-1)(x+3)+152x-1)=0 "
2x-D[(Bx—-4)(x+3)+15]=0
QRx-1)(3x* +5x+3)=0 Ml
2x-1=0 3x? +5x+3=0
D=5"-4(3)(3) <0 Ml Use of D or quad
formula
No of real roots = 1 Al
)
7(i) | BC//AD (mid-point thm) Bl
LSCD = LCAD (alt segment thm) Ml
= ZACB  (altZ)
ZABC =180°—- £ADC (£ in opp segment) Ml
= £SDC
ZABC is similar to ZSDC Al
(i) | AC _BC ;
; T e art
SC CD (part () Ml
ACXCD = —;—AS xSC  (mid-pt theorem) M1
2ACxDC = ASxIC (C bisects ST) Ml
AS = 2ACxDC
TC Al
8()
4=(3,0), B=(0,4) M1
=> centre lieson L bisectorof O4 & OB
.C =(-3-,2)
2
2
Radius= [%) +2 Ml

1
N,




SQuirl e Marking potat e (T
3} C 25 -
—— | —22=—-
(3] +0-2
x’—3x+-3—+y’—4y+4—%=0 Al
x?+y?=3x-4y=0
@ (J:r_q u_q)(_s_ 2)
2 " 2 2 Ml
(xrs yr) =’(3’4)
4 3
mor='3‘9 ’”r"z Ml
3
—4=—Z(x-3
Y ria )
4y—-16=-3x+9
4y=—3x+25 Al
(ii1) | Since tangent / to y-axis = x = ¢ from centre of circle
3 5 3 5
_—— e — = — s =g —=14
227 e MI
e 13
(I,y)—(“lﬂ)'. 4)7 Al,Al
D | yoing
=3x'Inx
:x—y=3[x’[é)+2xlnx) MI, Ml
=3x(1+21nx) Al
(ii)(e) | xInx=0 Ml
x=0(NA), Inx=0
x=e'=1 Al
®) J':Bx(1+21nx)dx=[x’lnx’]: Ml
. _ 3
I‘3x+6xlnxdx-e’lne Forfitepeating
3 . ; 2 3x
(2] + [ 6rinxdr=2e ML For substituting
, limits
[6xlnz dr =3¢ -%(e’ ~1) M1
[(6xinxdr=2(e+1)
/7
\ 15




gld

Qe ol Marke
i Awarded |-
Al
100) Rcos(2A-a)
=y3t 442 cos(2A—-tan" (%)) Ml Either R or &
= 5cos(24-53.1°) Al No Alif 0 not
in 1d.p.
(ii) 3cos24+4sin24=4
5cos(24-53.13°) =4
cos(24-53.13°) = -‘} Ml Do not penalise
for d.p. if this w
24-53.13° = ~36.87, 36.87°, 323.13° S 1o v ?i) o
24=1626° 90.0° 7
A~ B.13° 45,0° Al Al
(i) y B1 for sine graph
1 ’ B1 (amplitude),
) 2 B1 (shape) for
1 , cosine graph
b 4
0 15 3 45 0
-1
-2
) 2sin6x =2 — %cos 6x
4sin6x =4 —3c0s6x
3cos6x +4sin6x =4 Ml
Let A=3x
3c0s24+4sin24 =4 Al
11() | v=24cos(2!)
a =~48sin(2() M1
t=1, a =—48sin(2)
=-43.6
|a] = 43.6 mvs? Al
i | 5= I24 cos(2¢)dt
=12sin(2t) +c¢ Ml




Equation of line BC:

10(1ii)
y—-8=—-%(x+0)
y=-oxed M1
Let B(-2,y)
8 136 _1
=m e (-2)+ 8= =9—
T IOA TISY
1
B(-2,9-1—5) M1
ABC & ACE share the same base AC.
Hence, L height of E to x-axis should be -;-of AB.
1 .1 68 8
1 height of E caxis =—(0—)=—=4—
eight of £ tox-axis =5 079 =15 =475 M1
8
Let E(x,—4—
et E(x 15)
L. T M1
- 15 15
5 I
x=235
E=(31,-42 Al
2 15
10(iV) Area OfABFE = Area Of Z(A.BE)
=3 = i = M1
::-l- 2 X2
2)y 136 &8
15 15
=231.2 units? Al

16




b

: Marking point¢

B Mk | e
e i AWwarded |

{= 0,. 5 ="6 => c ;_6
§=12sin(2¢) -6

When P first reaches fixed point, s =0.
125in(2t)~6=0
sin(2) = 0.5
Ll
6
T bt
t= 'l—i) Ti' (NA)

a=

Ml

Ml

Al

(i)

Atinstrest, v=0
24c08(2t) =0
Bl 2F

2’ 2

4 4

s =12sin(2t) -6
t=0, s=-6

t==, 5=6
4

f=’3—”“v s=-18
4

t=5 5s=-6

Dist =6+12+18=36m
bd

e=0 13
sm-f 3=0

- o

,_2}‘_ =38 = 2
s=-18

12 4
=0 y=6

Ml

Al

Mi

Al

Either for t={—:~

ort=§—’-r-
4

12(1)

y=(x=2)(x+1)’
- Do 1 (1)
=(x+1)*Bx~6+x+1)
=(x+1)?*(4x-5) .

Ml

Al

(i)

:_;’..:(x-;-l)’(4x—5)=0
5

x=-], x==
4

Ml

Al




id

For -1<x< —Z—,
(x+1)*>0  4x-5<0 M1, M1
dy _ 204,
E_(x+1) (4x-5)<0 "
OR
. : S-
L fl+'- 7
onof 2 | - | -
Sign ofAd,x .
Since gradient is negative between 2 stat points, y
decreases as x increases between the two stat points.
(iv)
X <=1 1 -1 |>-1
E-}i -ve 0 -ve M1
dx
\ - \
x=-1 is a point of inflexion Al
% <= 2 > 2
4 4 4
dy
= | wve | 0 | +ve Ml
dx
\ ~ /
3 . . . Al
x= Z 1s a min point
il
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