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10e™ -3 > -3
Hence v> -3
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1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0

_ —b+ b’ —4dac

2a

X

Binomial expansion

(@a+b)" =a" +(Tja”'b+(;)a”"‘b2 +---+(n)a’”b’ fet b,
r

! - -
where # is a positive integer and oA ezl (rortl)
r) rlin—r) v

2. TRIGONOMETRY

Identities
sin”® A+cos’ A=1
sec’ A=1+tan’ 4
cosec” A=1+cot’ 4
si{ A+ B) = sin Acos B + cos Asin B
cos(A+ B)=cos Acos B Tsin Asin B
tand+tan B

1Ftan Atan B
sin24=2sinAcos A

cos2A=cos* A—sin* A=2cos’* A-1=1-2sin’ 4
2tan A
I~tan® A

tan( A + B) =

tan24 =

Formulae for AABC
a b ¢
sind sinB sinC
a’ =b*+c* - 2bccos A

A=lbcsinA
2
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1 Do not use a calculator in this question.

(a) Given that A4 and B are acute angles such that sin (A - B) = % and sin Acos B = _g— , find

the value of

{i) cosAsinE, [2]
(ii) cotAtanB. [2]
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1 (b) Given that tan A= —% and cosB = % , where A is an obtuse angle and B is

a reflex angle, find

(i) cos24,
(ii) tan(4-B).
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2 Given that «p+ q«/_ = 4—9\7_-§ , where p and g are rational numbers, find the values of p
and g. [4]
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3 Baking powder is poured onto a flat surface at a constant rate of 27 cm’s™' and formed a

right circular cone. The radius of the cone is always % of its height. Find the rate of change

of the radius of the cone after 3 seconds of pouring. [5]
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4 {(a) The quantity, N, of a micro-organism multiply themselves under ideal conditions based
H

on the formula N = Nye? where N, is a constant and £ is the time interval in minutes.

Find the time taken for the quantity of the micre-organism to be twice of the initial
quantity. [3]

(b) Tn order to obtain a graphical solution for the equation x =—2logy (3 x), a straight line

graph has to be drawn on the graph of y = 3.

Find the equation of the straight line that need to be drawn. i3]
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5 The roots of a cubic equation F(x}=0 are—1, 2 and 5. When F(x) is divided by x—3, the
remainder is 30.

(i) Find the remainder when F(x) is divided by x+3. [4]
(ii) Solve the equation F (Jn_t ) =0. [2]
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6 (a) The graph below shows part of a trigonometric function.

¥
A
1Efoe
b3 TS AU UOIOUL WSSO R . W At
0 >
(i) State the amplitude and period of the function. 2]
(ii) Explain why the graph cannot represent the tangent function. (11
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10

6 (b) (i) Sketch the graph of y=—4sin3x+2 for 0°<x<360°. [3]

(if) State the number of solutions for the equation 5=-4sin6x+2 for 0°< x <360°.

[1]
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11

. 5x+11
7 A curve has the equation y = f(x), where f(x) = J; .
x°+3
(i) Find the equation of normal to the curve at the point where the curve passes through the
y-axis. (6]
(i) Determine the range of values of x for which f (x)is a decreasing function. [31
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12

8 (i) Prove the identity SW 2x _cos2x =8ecXx. [31

sinx COsS X

2sin2x 3 2cos2x

(il) Solve the equation = =3cosx+1 for 0°<x<360°. [4]
Sin x COS X
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13

9 A particle travels in a straight line so that f seconds after passing a fixed point Owitha

velocity of 15 ems™, its acceleration a cms™ is given by a =k —2¢ where k is a constant.
The particle reaches maximum velocity in 1 second.

Find
(i) the value of k, [1]
(i) an expression for the velocity, v, in terms of , {31
(iii) the distance travelled in the first 10 seconds. [4]
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14

10 f(x) is such that f'(x)=—2sin4x+cos3x.

Given that £(0) =0, find the exact value of f (%J .
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15

11 The diagram shows a triangle POR circumscribed in a circle.
PO =10cm, QR =x cm and PR is the diameter of the circle.
J

(i) Explain why the area of shaded regions, 4 cm?, is 257+ % x*—5x.

(i) Given that x can vary, find the minimum area of the shaded region.
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16

3
12 Given that the expansion of {1 + %J (3-2x) up to the first three terms, in ascending powers

ofx,is h+10x+ke?, find the values of &, k and . [7]
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17

13 The diagram below shows a trapezium OABC, where O is the origin.

¥

f

v = 4x
y+3x =90 B '

» x

(4
The equation of 40is y =4x and the equation of OCis y+3x=0.
The line through 4 perpendicular to OA meets y-axis at B and BC is parallel to AO.

Given that the length of O4 is /1700 units, find the coordinates of 4, of B and of C. [10]
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Continuation of working space for Question 13.

~~~ End of Paper ~~~
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Answers:
o1 6bi.
far, —
4 .
Jaii, 2 1
5 )
1bi. o .
25 BRI LY UL
Ibii, > :
56 \ /
: ENNRPRUIPHI i SRS PSSR
1} \/GU IEI’VKU 240 340
243 81 _
2. p= Y q= ry 6ébii. 12 solutions
. 3 3
3. écm/s 71. yz—gx+?

Tii. x<-5 or Jc>E
4a. 4.85 minutes 3

4b. y=3-x ..
Bil. 48.2° 180°, 311.8°
51 300 .
Si, m=4 m=25 oi. k=2
9i. v=—17+2t+15
) 9iii. 200 m
6ai. amplitude=4.5 period = 3 T
6aii. Because the graph is continuous 10. l\/'z' -1
Because the graph has maximum and 6
minimum

Because the graph does not have 11ii. 70.6 cm’®

as tote lines
ymp 12. h=3 n=8 k=13

13.  A(10, 40)
B(0, 42.5)

c __E,@)
14’ 14
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Mathematical Formulae

1, ALGEBRA

Quadratic Equation
For the equation ax’ +bx+c =0,

— b+ b - dac

2a

(a+b) =a’ +[ﬂa"“b+(;]a“bz +-..+[”}awbr b
¥

n]:( ! wn-1)...(n—r+1)

X =

Binomial Theorem

where n is a positive integer and
n—r)lr ¥

r

2. TRIGONOMETRY

Identities
sin A+cos?A=1,.
sec’ A=1+tan” 4.
cosec A =1+cot’ 4.
sin(A + B) = sin 4cos B+ cos Asin B
cos(A + B) = cos Acos BT sin 4sin B
tan A + tan B
tan{4 + B) = —
1F tan A tan B
sin24 = 2sin Acos A
cos 24 = cos’> A —sin® 4 = 2¢cos® A~1= 1~ 2sin* 4
1—tan® A4
Formulae for AABC
a b c

sin 4 " sinB  sinC
a’ =b*+c¢* —2bccos A

A=iabsinC
2

2
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1

Answer all questions

(i) Differentiate xcos2.xwith respect to x.

(i) Using your answer to part (i), find J'stin 2xdx.

3
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2

4x* +5x7 +x~1

in partial fractions.

{i) Express

(ii) Hence, find j

2
X

(x+1)

45 +5x +x—1

x(x+D
4
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3

It is given that 42**3 = 73-%

(i) Without using logarithms, find the exact value of 112* .

(ii) Hence use your results in (i), solve 4***3 = 73* oiving your answer correct
to 2 decimal places,

S
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The equation of a curve is y = (p +2)x* —10x +2p +1, where p is a constant.
(i) In the case where p =2, find the set of values of x for which the curve lies

above the line v=1.

6
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4 (ii) Find the range of values of p for which the curve lies completely below the line [6]
y=2x+3.
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5 Solve the equation log, (3x—16)—log,(2x) =5log,(0.5)**. [5]

8
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6

(i) Factorise (2 + x)3 — 216 completely.

(ii) Hence show that (2 4+ x)* — 216 = (x ~ 4)? has exactly one real root.

9
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7

The diagram shows part of the curve y = v1+ 3x, intersecting the y-axis at 4.
The tangent to the curve at the point P(5, 4) intersects the y-axis at B.

B g

(i) Find the coordinates of 4 and of B.

10
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7 (ii) Calculate the area of the shaded region ABP. f4]
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The diagram shows two points 4 (-6, 2) and B (10, 2) on the circumference of a
circle whose centre, C, lies above the x-axis. The line x = —8 is a tangent to the
circle.

x=-8

(i) Show that the radius of the circle is 10 units.

12
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8

(ii) Find the equation of the circle.

(iii) Find the equations of the tangents to the circle parailel to the x-axis.

13
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9

e2x

3+4x
(i) Find the coordinates of the stationary point on the curve, leaving your answer in
exact value.

The equation of the curve is y =

(ii) Determine the nature of this stationary point.

14
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10

In order for y = h(l + x)k , where & and k& are unknown constants to be represented by

a straight line graph, it needs to be expressed in the form ¥ =mX + ¢, where X and Y are
functions of x and/or y, and m and ¢ are constants.

(i) Determine an expression for ¥ and for X,

(ii) Explain how the straight line may be used to determine the value of 4.

15
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11 The variables x and y are known to be related by an equation of the form

x+2 ¥y
+“— =1, where a and b are constants.

a
Experimental values of x and y are shown in the following tabie.

One of the values of y is subject to an abnormally large error.

X

I

2

3

4

5

3.00

332

3.71

3.87

(3]

¥ 2.65
(i) On the grid on page 17, draw the graph of y? against x + 2.

(ii) Use the graph to identify the coordinates for the abnormal reading in the table above [2]

and estimate its correct y -value.

(iii) Use the graph to estimate the value of aand b. [3]

16

Partnerinlearning
388

www.testpapersfree.com



1.4 -+ : I
! i o
he
1 : . :
i % d
- .
P L
.u H
T

17
Partnerinlearning
389

www.testpapersfree.com




12 The diagram shows a rock climbing wall. The wall AB, of length 20 m, is to be inclined
at an angle @ from the vertical while the wall BC, of length 9 m, is to be inclined at the
same angle @ from the horizontal. The height of the whole wall is ' m.

C

(i) Show that H =20cos@+9sind. [2]

18
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12

(i) Express H in the form Rsin(6 + ), where > 0 and 0° < « < 90°.

(iii) Find the greatest possible value of H and the value of & at which this occurs.

19
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13

The gradient function of a curve y is given by 2x* + x — 6.

Given that y has a minimum value of 1% , find the equation of the curve.

End of Paper

20
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Answer Key
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11 —2xsin2x+cos2x Ti 4(0. 1), B(O, %7)
T -
oz T 1> or1 3125 units”
2 16
2i 4n2 1 1 8ii (x—2Y +(y—8)’ =100
x x° x+1
2ii =18
1 4x+21nx+—]~—1n(x+l)+c i y:_z
X ¥
S DS o L
64 4’ 2.Je
3ii 0.36 9ii Minimum point
4 10i Y =1 =1g(1
i x<% or x> 2 01 gy, X =lg(l+x)
4ii p<-2and p<-Sor p>4 10it Jp = | Qrertical intercept
h _ evem'urzi intercept
L p<=5
5 x=8orx=16 11i1 Abnormal reading (4, 3.71)
Estimated value of y* = 13
Estimated value of y = 3.61
11iii a=-0551,b=1.1
6i (x—4)x* +10x+52)
6ii 94,97 -4 12ii H =+/481sin(# + 65.8°
x=40r x= o+ ~4)Bo) ( )
2(1) 12111 Greatest value = +/481 or 21.9
~9+/-143 ¢=242°
x= — {(no soln}
Therefore, there is only one real
root.
i3 3 2
y=2 X 6x47
3 2
21




2021 Prelim 4E AM P1 MS 1

1 Do not use a calculator in this question.

(a) Given that 4 and B are acute angles such that sin (A - B) = % and sin Acos B :g , find

the value of
(i) cosAsinB, [2]
sin(A~B)= 3
8
sin Acos B —cos Asin B = % [M1 - applying compound angle formula]
3 —cos Asin B = 3
8 8
. 1 1
cos Asin B = 1 [Al - Zor 0.25 only}
(i) cotAtanB. [2]
cosA sinB o .
cotAtanB=—x [B1 - express cot 4 or tan B in sine and cosine]
sind cosB
_cosAsinB
sin Acos B
1
-4
5
8
2
=— Al
3 [Al]
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2021 Prelim 4E AM P1 MS 2

1

(b) Given that tan 4 = -—% and cos B = % , where A4 is an obtuse angle and B is

a reflex angle, find
(i) cos24,

(2]

cos2A :1—25in2 A

2
=1- 2(%} [B1 - value of sin 4]

=— [Al]

Alternative Solution:

0032A=2coszA—E

42
:2[——5—] -1 [B1 - value of cos 4]

;
=25 [Al]

(i) tan{4—B).

[2]

_ tan A —tan B
1+tan Atan B

e

=22 [A1]

tan (A — B)

{B1 - value of tan B s.0.i.]
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2021 Prelim 4E AM P1 MS

Giventhat +/p+ q\/_ = %/_é- , where p and g are rational numbers, find the values of p

Partnerinlearning
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and g. [4]
9
JrralB=—2_
Prav8 =%
o
rgB=| 2
P (4—@ ]
81

= Bl - for 24838
24-88 : :

= 81 X 24+848 [M1 - conjugate of their den.]
24-8J8 24+8.8
81(24+8+8)

T e
243 81

=22 R Al

B [A1]

243 31

= =— Al

P=— =3 [Al]
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2021 Prelim 4E AM P1 MS

3 Baking powder is poured onto a flat surface at a constant rate of 27 cm’s ™ and formed a

right circular cone. The radius of the cone is always -1% of its height. Find the rate of change

of the radius of the cone after 3 seconds of pouring. 51
Vol. of cone, V' = ;u:rrz (187)
=67zr
9 18 [B1]
dr
After 3 seconds, ¥V = 6x
6rr =61 [M1 - finding corresponding ]
y=1 [A1]
ar _ a7 X dr [M1 - connected rate of change]
de drlo dtho
2w = 1871:(1)2 &
dzlp-
) _1
del,-n 9
The rate of change required is Ié cmy/s. [Al 0.e.]
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2021 Prelim 4E AM P1 MS

4

(a) The quantity, N, of a micro-organism nmltiply themselves under ideal conditions based
!
on the formula N = Nye” where N is a constant and ¢ is the time interval in minutes.
Find the time taken for the quantity of the micro-organism to be twice of the initial
quantity. [3]
When N = 2N,
t
2Ny = Nye' [M1]
!
2=¢’
L [M1]
7
t=7In2 [Al]
The time taken =4.85 minutes (3 sf)
(b) In order to obtain a graphical solution for the equation x =2 logg (3 - x) , a straight line
graph has to be drawn on the graph of y=3*,
Find the equation of the straight line that need to be drawn. [3]
x=-2logg (3~x)
X
——=logy (3—x
2 2o ( )
_x
9 2=3.x [MI - converting log to exp form]
3 F=3-x [M1 - getting 37 as the subject]
Equation of line: y =3 -x [A1]
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2021 Prelim 4E AM P1 MS 6

5 The roots of a cubic equation F(x)=0 are—1,2 and 5. When F(x) is divided by x-3, the

remainder is 30.

(i) Find the remainder when F(x) is divided by x+3. [4]

F(x)=k({x+1)(x—2)(x-5)
FG)=k(3+1)(3-2)(3-5)

30=-8%
k=22
4

F(x)= —l—j(x+1)(x—2)(xm5)

F(-3)= —%(—3+1)(w3—2)(—3—5)

=300
The remainder = 300

[M1 - factor form with coeff of X is k]
[M1 - apply Remainder Theorem]|

[A1]

[Al]

(if) Solve the equation F (\/; ) =0. i2]
F(xfm)=0
—%(JHH)(J:EJ)(JE—S):O [M1 - Replacing x with /]
m=4 or m=25 {Al]
Zhonghua Secondary School 4049/01/Prelim/2021 [Turn over
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2021 Prelim 4E AM P1 MS 7

6 (a) The graph below shows part of a trigonometric function.
‘(ﬁ

o

'y

i1

()

(1) State the amplitude and period of the function.

Amplitude = 4.5 [B1]

Period = %’5 [B1]

(ii) Explain why the graph cannot represent the tangent function,

[1]

Any acceptable reasons: [B1]

Because the graph is continuous.

Because the graph has maximum and minimum.
Because the graph does not have asymptote lines.

Zhonghua Secondary School 4049/01/Prelim/2021
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2021 Prelim 4E AM P1 MS

6 (b) (i) Sketch the graph of y=—4sin3x+2 for 0°<x=360°.

£3]

{B1 — shape starting from y = 2]

[B1 - 3 cyles] [B1 — amplitude]

(ii) State the number of solutions for the equation 5=-—4sin6x+2 for 0°<x<360°.

[1]

There are 12 solutions. [B1]
Zhonghua Secondary School 4049/01/Prelim/2021 [Turn over
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2021 Prelim 4E AM P1 MS 9

7 A curve has the equation y=1(x), where f(x) =

5x+11
X +3'

(i) Find the equation of normal to the curve at the point where the curve passes through the

[6]

y-axis.
When x =0,
1
=~ 1
y=3 [B1]
5(#% +3) - (5x+11)(2x)
£ = ; [B2]
(Jc2 + 3)
_ =5x* -22x+15
h 2
(x2 + 3)
5
F0)=3 [AlY]
. 3
gradient of normal = - [AlY]
Equation of normat :
3 11
=—=X+— Al
ys-gEts [AT]

(ii) Determine the range of values of x for which f(x)is a decreasing function.

[3]

f'(x)<0 [M1]
—5x2 -22x+15<0 [M1]
(—5x+3)(x+5)<0
x<-5 or x>§ [Al]
Zhonghua Secondary School 4049/01/Prelim/2021 [Turn over
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2021 Prelim 4E AM P1 MS 10

sin2x cos2x

8 (i) Prove the identity ———— =secx.
sinx  cosx

[3]

sin2x 2cos’x-—1

LHS=—
s x COsS X

_ 2sinxcosx 2 cos?x 1 [BI -either double angle formula applied]

+
cosx [M] - splitting into 2 fractions]

sin x COS X

to secx seen|

=2cosx—2C0S8X +8eCX [BI -
COS X

=8eC X
=RHS

Alternative Solution:

sin2x 2cos®x—1
sinx CoSx

LHS =
[B1 - double angle formula]

5 2sinxcosx 2cos’ x—1
sin x cos X

2sin x cos> .vc—s.inx(Zc:cos2 x—l)

[M1 - combine into single fraction]

SINXCOS X

_ 2sin xcos? x—25in xcos x +8in x

SIT X COS X
_ sin x

" sinxcosx
L [BI -
cos X
=secx
=RHS

to secx seen]

Cosx

25'1n2x_2c0s2x=3cosx+] for 0° < x <360°.
sinx cos X

(ii) Solve the equation

[4]

2secx=3cosx+1 [B1 - LHS to 2secx]

0=3cos® x+cosx—2 [M1 - forming quad. egn. in cosine]

0=(3cosx—2)(cosx+1)
cos;«c:g or cosx=—1

x=482°311.8° or x=180°(rej) [Al] [Al]
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2021 Prelim 4E AM P1 MS 11

9 A particle travels in a straight line so that ¢ seconds after passing a fixed point O with a

velocity of 15 cms™, its acceleration @ cms™ is given by a =k ~2¢t where k is a constant.
The particle reaches maximum velocity in 1 second.

Find
(i) the value of k, [1]

Whent=1a=0:
0=Fk-2(1)
k=2 [Bi]

(ii) an expression for the velocity, v, in terms of ¢, [3]

P = Ia dt [M1 - obtain v from integrating a]

=21 +c [B1 - without the ¢]

Whent=0,v=15:
c=15

v=—t2+2+15 [Al]

(1i1) the distance travelled in the first 10 seconds. [4]
1
s=——3—t3 +12 +15¢+d [M1 - integrating v to get 5]
Whent=0,5=0:
d=0 [A1]
When v=0 [M1 - find f when v is 0]
2+ 2 +15=0

(—2+5)(t+3)=0
t=5 or t=-3

Whent=0, 5s=0

175

Whent=5, s= [M1 - find s when ¢ is 5 and 1 is 10]

When ¢t =10, s=w2—§9

distance travelled = 17?5 x2+ Ej—o =200 cm [Al]
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2021 Prelim 4E AM P1 MS 12

10 f(x) is such that f'(x)=-2sin4x+cos3x.

Given that £(0)=0, find the exact value of { [%) [6]

f'(x)=-2sindx +cos3x

fix)y= I—Z sin4x +cos3x dx [M1 - attempt to integrate]
1 1. 1
=—cos4x+-—sin3x+c¢ [Bt - for —cos4x]
2 3 2
1.
[B1 - for —gsm 3x]

1 i
0} =—cos0Q+—-sin0+c
f(0} 5 3

0=l+c
c—wlw [Al]
2

1 1 i
x)==—cosdx+—sin3x——
p{¢3) 5 3 5

[zr 1 (475) 1. (37:) 1
fl = |=—cosi — |[+=8in} — |—=
4 2 4 3 4 2

1 1{1 1 1
=—(-1)+- m«/i]—- Bl- —+/2 soi.
2( ) 3 [2 2 [ 2 ]
=é~/5—1 [Al 0]
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2021 Prelim 4E AM P1 MS 13

11 The diagram shows a triangle POR circumscribed in a circle.

PO =10cm, OR =x cm and PR is the diameter of the circle.

(i) Explain why the area of shaded regions, 4 cm?, is 257 + % x*—5x. [4]
angle POR =90° (angle in semicircle) [B1]
By Pytagoras’ Theorem,
PR* =107 + 57 M1]
M1
A:x(l)m%l(m)(x) M1] : :
4 2 [B1 - expression for radius]
= Z(100+x*)-5x
4
T2
x257r+zx —5x [AG]
(i) Given that x can vary, find the minimum area of the shaded region. 3]
dA
2= M1
a [M1]
%x -5=0 [B1 - correct differentiation]
10
xX=—
T
2
~A=257 +£(1~9] - 5(9]
4\ r T
=70.6 cm’ [Al - can be simplified in terms of 7]
=257 - » cm?
7
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2021 Prelim 4E AM P1 MS 14

H
12 Given that the expansion of (l + —;-] (3 —2x) up te the first three terms, in ascending powers

of x, is h+10x+kx2, find the values of &, k and #. [7]

[l+§}n(3—2x):[H[f](%}—[ﬂ[gf +...J(3—2x) (M1

\ B
=(1+%"x+§n(n~l)x2+---](3—2x) [BTt*[Tj:n or [ZJ_”(” D,

2

Comparing coefficient of P
h=3 [Al]

Comparing coefficient of £
% n-2=10 [M1]

n=8 [Al]

Comparing coefficient of X

-Zvn(n—l)—nzk M1]
3
k= (8)(8-1)-8
=13 [Al]
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2021 Prelim 4E AM P1 MS 15

13

The diagram below shows a trapezium OABC, where O is the origin.

y+3x =0

{

The equation of 40 is y = 4x and the equation of OCis y+3x=0.
The line through 4 perpendicular to O4 meets y-axis at B and BC is parallel to 40.

Given that the length of O4 is /1700 units, find the coordinates of 4, of B and of C.

[10]

A(x4,4x,) [B1]
J(x y —0)2 +({4x, %0)2 =+/1700 [M1 - distance of coords.]

17x 2 =1700
IA =10
- A(10, 40) [A1]

B(0,y5) [B1]

gradient of AB = —% [B1}

—40 1
0 3 i)

- B(0,42.5) [Al]

C(xc,—3xc) [B1]

gradient of CB =4 [B1]

42.5~(-3x¢)
0--xc

xC—“"a'

14714

C( 85 255) [Al]

~~r~ End of Paper ~~~
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Mathematical Formulae

1, ALGEBRA

Quadratic Equation
For the equation ax® + bx+c =0,

_ —bx b —4dac

X =
2a

Binomial Theorem

(a+b)" =a" +(T]a"‘lb+[’;]a"“zbz ot [n]a”"b’ +ee B
r

njm o oalp -1 (r-r+1)

where n is a positive integer and ( =
,

T (n - )i 7!

2. TRIGONOMETRY

Identities
sin A+cos*d=1.
sec’ A=1+tan> 4.
cosec’d =1+cot® 4.
sin(4 + B) = sin 4 cos B + cos 4 sin B
cos(4 + B) = cos A cos B T sin A sin B
tan 4 + tan B

1Ftan A tan B
sin 24 = 2 sin 4 cos 4
00824 =cos’ A—sin> 4 =2cos’ A—1=1—23sin 4
2 tan A
1 —tan” A4

tan(A4 + B) =

tan 24 =

Formulae for AABC
a b c

sind sinB  sinC

a’ =b* +c* —2bccos A

A= 1 ab sin C
2
2
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Answer all questions

(i) Differentiate xcos2x with respect to x. [3]
d
—(xcos2x
n ( ) B
= x{-2sin 2x) +cos2x [B1] —2sinlx
=—2xsin2x-+cos2x PA/III}] product rule

R : 2w (5]
(ii) Using your answer to part (i), find J- xsin2xdx .
JZ” (~2xsin 2x + cos 2x)dx = [x cos zx]zzr [M1] reverse differentiation
Zn’ . 2 25
I (~2xsin 2x)dx =~ }. c0s 2xdhx +[xcos 2x]

2x

.rr ,, 1.

r (xsin2x)dx = %B- sin Zx] - é[xcos Zx]i [B1] S sin 2x,

(1
[A1]FT *(‘Ej

J:r: {xsin 2x)dx = i[sin 47 —sin 2:7]——;—[2” cosdn — mcos 27 [M1] sub in 27,
P 1
r (xsin2x)dx = i[on()]—-z—[hrmzr]
[ Gesin2n)de == [A1]
3
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4x° +5x° +x—1

(i) Express e in partial fractions. [5]
4x3+5x2+xﬁ1_ x +x—-1 o
L) * EFNI [M1] long division
Fix-1l A B C [B1]
X(x+) x X x+1
X +x~1= Ax(x+1)+B(x+1)+ % [M1] remove denominator

Whenx=0,-1=8

Whenx=-1,1-1-1=C

C=-1
Whenx=1,1=24-(1+1)—1

1=24-3

24 =4

A=

[A2] all correct
4 2 1 1 [A1} 1 wrong
+;__x_2_x+l [A0] 2 or more wrong
3 2 W 3
(i) Hence, find [ 22222 12X [3]
x{x+1)
4x° +5x° +x—1
I 5 dx
x(x+1)
= (4"“2‘“12——"“1“—}"‘ [M1]FT
x x x+l
B1], [B1] fi t
—dx+2Inx+S—In(x+D)+e gx I, [BI] for any of the terms excep
X
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It is given that 42%%3 = 737%,

(i) Without using logarithms, find the exact value of 112% .

42x+3 = 73—x
47 x4 =737 [B1] split up of powers
16" x64 =343x77"
16" =7 _34
64
167 x T = 83 [M1]
64
343
16x7)" = —
(16x7) P

. 343
112° = —6~Z— [A1] accept mixed fraction

(i) Hence use your results in (i), solve 4***2 = 737%, giving your answer correct
to 2 decimal places.

1127 =383
64
343
xlg112=1g—62 [M1] Ig or In both sides

343
=lg—+1gl12
TR E
x=0.3558
x=036(2dp) [A1]
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The equation of a curve is y = (p + 2)x2 —10x+2p+1, where p is a constant.
(i) In the case where p =2, find the set of values of x for which the curve lies
above the ling y=1.

Whenp =2,
4x* ~10x+5>1 [M1]} inequality
4x* -10x+4>0

2x" - B
(zr x— 15)?: _2 2>) S 0 [A1] critical values

AR
AL

.3c<1 orx>2
2

[A1]

(ii) Find the range of values of p for which the curve lies completely below the line

y=2x+3.
(p+2)x"-10x+2p+1<2x+3 [M1] Eqn or inequality
(p+2)x2—12x+2p—2<0
p+2<0 and b* —dac <0 [B1] p<—2
p<-2and (-12)° —-4(p+2)2p—2) <0 [MI] with sub and <0

144-4Q2p* +2p -4 <0
144-8p* -8p+16<0
—8p° ~8p+160<0
P+p-20>0
(p—-4Xp+3)>0

28
-X\_J-

[M1] critical values

p<—2and p<-Sor p>4 [Al]
p<~5 [A1]
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5

Solve the equation log,(3x—16) —log,(2x) = 5log,(0.5)**.

log, (3% —16) —log,(2x) = 5log,(0.5)"’
log,(3x—16)
log, 16

g ( s [M1] change to same base
—log,(2x) =log,(0.5)"

—12—10g4 (3x-16)—log,(2x) = log,(2)™*’

log,(3x—16) - 2log,(2x) = 2log,(2)™*

log, [%{g] = log,(2)” [M1] any correct law of log
x
3x—-16 1
ax: 32 [M1] remove log
2
Ix-16="2-
8
24x-128 =x"
x*—24x+128=0 [B1] equivalent eqn
(x~-8)(x—-16)=0
x=8o0rx=16 [A1] check factors

(i) Factorise (2 + x)3 — 216 completely.

(2+x) -216

=2+x)’ -6

= (2+x—-6)[(2+x)* +(2+x)6)}+67] [M1]
= (x—4)(4+4x+x* +12+6x+36)

= (x—4)(x* +10x +52) [Al]

(i) Hence show that (2 + x)® — 216 = (x — 4)? has exactly one real root.

(2+x)° —216 = (x - 4)’

(x—4)(x* +10x+52) = (x— 4)°
(x—4)(x* +10x+52)—(x—4)" =0
(x—H[x* +10x+52-x+4]=0
(x—4)x* +9x+56)=0

—9+./9 — 4(1)(56) [M1]

[M1]

[MI]

x=4o0r x=
2(1)
X = :F)_iT—lﬁ (no soln) [AT]

Therefore, there is only one real root.

7
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The diagram shows part of the curve y =1+ 3x, intersecting the y-axis at 4.
The tangent to the curve at the point P(5, 4) intersects the y-axis at B.

B4

(i) Find the coordinates of 4 and of B.

y=+1+3x

Subx=0,y=1
A(D, 1) [B1]

&

dx

= _1_ (1+3 x)‘}é (3) [M1] correct chain rule
2

3
201+ 3x

When x =5,
Gradient
Y
" dx

3

2411305

[B1]

o0 | LI

Equation of tangent at P;
3
—4==(x-5
y=a=20=3)

B(0,—) [A1]
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(ii) Calculate the area of the shaded region 4ABP. 4]

Area

=ﬁ[§-x+1§—(1+3x)}5]dx

[M1] line — curve

B 5

32 17 (+3w? S
gl 3 +_8—x VeV [M1] integration of line

L 3(/’2) 0 [M1] integration of curve

- 3

3725 17 214157 2

_8[2] 8()} { 9 9()]

16

=lfi—sorl.3125um'rs2 [Al]

The diagram shows two points 4 (-6, 2) and B (10, 2) on the circumference of a

circle whose centre, C, lies above the x-axis. The line x = —8 is a tangent to the
circle.
s C
4 B
x=-8
(i) Show that the radius of the circle is 10 units. 31
Midpoint of A8
_(6+10 2+2
T2 2 [M1]
=(2,2)
Centre lies on x = 2, [B1]s.0.
Distance between tangent and centre
= radius
=8+2 [A1] must be seen
= 10 units [AG]
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(if} Find the equation of the circle.

J2+6) +(y-2) =10 [MI]
64+ (y—2)" =100

(y-2) =36

y-2=146

y=8o0r—4(rej) [A1]
C(2,8) [Bl]s.0.i

(x=2)" +(y—8)* =100 [Al]

(iii) Find the equations of the tangents to the circle parallel to the x-axis.

y=138 {B1]
y=-2 [Bi]
10
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elx

3+4x
(i) Find the coordinates of the stationary point on the curve, leaving your answer in
exact value.

The equation of the curve is y =

4
dx
267 (3+4x)—e(4)
- (3 +4x)?
e (6+8x—4) . [M1] factorise &>
v
_ €7 (8x+2)
© (3+4x)

[B1] correct quotient rule

Stationary point,

@ _,

dx M1] ===

e*(8x+2)
(3+4x)*

e”(8x+2)=0

e >0,8x+2=0

4
z(-l/)
y=
3+ 4(— /4)
/
y=

g -
4

(ii) Determine the nature of this stationary point.

* 1~ |1 1*
4 4 4
| csl}la%([ilx()f Ve 0 tve [M1] don’t give if x is wrong
. . [A1]
Min point
11
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10

In order for y = h(l + x)k , where / and k are unknown constants to be represented by

a straight line graph, it needs to be expressed in the form ¥ = mX + ¢, where X and Y are

functions of x and/or y, and m and ¢ are constants.

(i) Determine an expression for ¥ and for X. [2]
lgy=Igh+lg(l+x) Either Ig or In both sides

lgy =1gh+klg(l+x) [Mi]

Y=lgy, X =lg(1+x) [A1] both correct

(i) Explain how the straight line may be used to determine the value of 4. [1]

Vertical intercept

= Igh
h — loverﬁ'cal' int ercept or h — everrica! intercept [Bl]
12
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11

The variables x and y are known to be related by an equation of the form

x+2 ¥
+~— =1, where a and b are constants.

a
Experimental values of x and y are shown in the following table.

One of the values of y is subject to an abnormally large error.
x 1 2 3 4 5

y 2.65 3.00 332 3.7 3.87

(i) On the grid on page 17, draw the graph of y? against x + 2. 3]

x+2 ¥y {B1] line of best fit
+—=1 [B2] § points plotted correctly
2‘1 Minus one if plot wrongly
Y 1- x+2
b a

yi=b- b (x+2)
a
2 b
Y=y X=x+2,m=——,c=b
o
(i) Use the graph to identify the coordinates for the abnormal reading in the table above [2]
and estimate its correct y -value.

Abnormal reading (4, 3.71)
Estimated value of y* =13

[B1] must be in coordinates

Estimated value of v = 3.6] [B1]
(iii) Use the graph to estimate the value of zand b. [3]
Y-intercept = 1.1
b=1.1 [B1] use graph
gradient
b _150-7.02 [M1] gradient
a 7-3
LT 1.995
a
a=-1.1+1.995
a=-0.551 [Al]
13
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12 The diagram shows a rock climbing wall. The wall 4B, of length 20 m, is to be inclined
at an angle & from the vertical while the wall BC, of length 9 m, is to be inclined at the
same angle @ from the horizontal. The height of the whole wall is H'm.

C

(i) Show that H =20cos#+9sinb. (2]

a
9 (M1]
a=9sind

sind =

cosf =2 [M1]
20

b=20cos8
H =9sin 8+ 20cos & (shown) [AG]

15
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12

(i)) Express H in the form Rsin(f + &), where B> 0 and 0° < a < 9(°.

R=~9+207 (M1]

R=4/481

tan =? [Ml]
o =65772°

H = +/4815sin(0 + 65.8°) [Al] no Al if angle is not 1 d.p.

(iii) Find the greatest possible value of H and the value of # at which this occurs.

Greatest value = /481 or 21.9 [B1]

481
sin(6+ 65.772°) =1
B+ 65.772° = 90°

6=242277° ALl MOAG
6=24.2° AL,

[M1] FT

16
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The gradient function of & curve y is given by 2x* + x — 6. [6]

Given that y has a minimum value of 1% , find the equation of the curve.

d—y:2x2+x—6
dx

Atmin value,@i =0 dy

dx [M1] ===0
(3x—3)}x+2)=0 *
x=150rx=-2
d’y
FE 4x+1 [M1] second derivative

Whenx = -2,

d’y

) = 4(~2) +1
d’y

— =7 < {max
o {max)}

2
Whenx =1.5,
dzy

2 =

d’y .
Ex?:?>() {min)

4(01.5)+1

[A1] show that x = 1.5 is a min pt
2%’ X

y:—m-—+—2——6x+c

3 [M1] integrate to find ¥

whenx=1.5,ym1§,

3205 %)
18m 3 + 5 6(1.5)+¢ TM1]

c=7

k] 2
p=22 X 6x47 [A1]
3 2

End of Paper
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