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Mathematical Formulae 

1. ALGEBRA

Quadratic Equation 
For the equation ax2 + bx + c = 0, 

a
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2
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Binomial expansion 
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where n is a positive integer and   !
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2. TRIGONOMETRY
Identities 

1cossin 22  AA  
AA 22 tan1sec   
AAec 22 cot1cos   

BABABA sincoscossin)sin(   
BABABA sinsincoscos)cos(   

BA
BABA

tantan1
tantan)tan(






AAA cossin22sin   
AAAAA 2222 sin211cos2sincos2cos   

A
AA 2tan1

tan22tan




Formulae for ABC 

C
c

B
b

A
a

sinsinsin


a2 = b2 +c2 − 2bc cos A 

 = Cab sin
2
1
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Answer all the questions. 

1 The perimeter of a rectangle has a constant value of 40 cm. One side, of length 

x cm, is increasing at a rate 0.5 cms1. Find the rate at which the area is increasing 

at the instant when x = 3.  [4] 

2 

The diagram above shows a triangle of height h m. The angles A and B are such 

that 
4
 BA radians. By using the expansion of tan (A + B), or otherwise, find 

the value of h. [5] 

3 The function f is defined, for 30  x , by f(x) BAx  cos5 , where A and B 

are constants. 

(a) Given that the period of f(x) is 4, state the value of A. [1] 

(b) Given that the least value of f(x) is 2, state the value of B.  [1] 

(c) Sketch the graph of y = f(x) for 30  x .  [2] 

(d) Find the range of values of p such that y = p will intersect y = f(x) at 

exactly 2 points. [1] 

4 (i) Find  xxx
dx
d

ln2 . [2] 

(ii) Hence find  dxxx ln . [3] 

5 Given that the roots of 08107 2  xx  are 

2  and


2 , find a quadratic equation

with integer coefficients whose roots are  and . [6] 

h m 

2 m 3 m 

A B 
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6 A curve has the equation 22
18
x

xy  . 

(i) Find the coordinates of the turning point on the curve. [4] 

(ii) Justify whether this turning point is a minimum or a maximum point. [2] 

7 (i) Write down and simplify, in terms of x and n, the term containing x3 in the 

expansion of 
n

n
x






 1  by the binomial theorem. [3] 

(ii) If this term equals 
8
7  when x = 2, and n is a positive integer, calculate

the value of n. [3] 

8 (i) Express )cot(cos2sin2  ec  as a quadratic expression in cos . [3] 

(ii) Use your answer to part (i) to find, for  20  , the exact solutions 

of the equation 

03)cot(cos2sin2   ec .  [3] 

(iii) Explain why one of the solutions in part (ii) is not possible. [1] 

9 A positive whole number has two digits which can be expressed as 10x + y where 

x > y. When the two digits are reversed, a new number is formed.  The difference 

between the squares of the two numbers is 1584.  The sum of the two numbers is 

44 times the difference between the digits of the original number.  Find the two 

numbers. [5] 

10 Variables x and y are related by the equation 
x
qpxy  , where p and q are

constants. By plotting values of xy against x2, a straight line graph that passes 

through the points (1, 9), (5, 1) and (4, r) is obtained. Calculate the values of 

p, q and r. [7] 

11 Without using a calculator, find 

(a) the values of x such that )32(4)8( xxx  , [4] 

(b) the values of rational numbers a and b such that 
53
532

532
5






 ba . [4] 
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12 The point A(6, 5) lies on the circle 013422  kyxyx , where k is a 

constant. 

(a) Find 

(i) the value of k, [2] 

(ii) the centre and radius of the circle.  [3] 

(b) The line y = 2x + h, where h is a constant, is a tangent to the circle. 

Find the possible values of h, giving your answers in the simplest surd 

form.  [3] 

13 A particle moves in a straight line so that, at time t seconds after leaving a fixed 

point O, its velocity v ms1 is given by 3
)12(

27
2 


t

v . Find 

(a) the value of t for which the particle is at instantaneous rest.  [2] 

(b) the initial acceleration of the particle.  [2] 

(c) the total distance travelled by the particle in the first three seconds. [4] 

~~~ End of Paper ~~~ 
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Marking Scheme 
Sec 4E5N-A. Maths P1-SA2-2016 

1 220)20( xxxxA 

x
dx
dA 220   

7)5.0)(220(  x
dt
dx

dx
dA

dt
dA cm2s1 when x = 3 

2 
h

A 2tan  ,
h

B 3tan 

BA
BABA

tantan1
tantan)tan(
























hh

hh
321

32

4
tan 

hhhh
32321 








hh
561 2 

0652  hh  
0)1)(6(  hh  

6h  or 1h (rej) 
3 (a) 

2
1

3 (b) 3 
3 (c) 

 

3 (d) 32  p  

y 

x 0 
2 

3 

8 

π 2π 3π 
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4 (i)   1ln21ln21ln 22 





 xxxxx

x
xxxx

dx
d  

4 (ii) cxxxdxxxx  ln1ln2 2

cxxxdxdxxxdxx   ln1ln2 2

cxxxxxdxxx  2
lnln2

2
2

cxxxdxxx  4
ln

2
ln

22

5 08107 2  xx  

7
1022




 and 
7
822




7
10)(2







7
10

2
7

)(2


 

2
5

     and
2
7



0
2
7

2
52  xx  

0752 2  xx  
6 (i) 

22
18
x

xy 

3

18
xdx

dy


018 3 
x

8
13 x

2
1

x







 6,

2
1  

6 (ii) 
03

42

2


xdx

yd  when 
2
1

x







 6,

2
1  is a min. pt.
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7(i) 
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When r = 3, 

2

3
3

3

4 6
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












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7(ii) 
8
7)2(

6
)2)(1( 3

2 



n

nn

221)2)(1(32 nnn   
021649632 22  nnn

0649611 2  nn  
0)8)(811(  nn  

n = 8 or 
11
8

n (rej)

8 (i) 














2cos4cos4
sin

cos1cossin4

sin
cos

sin
1)cossin2(2

)cot(cos2sin2









 









 

ec

8 (ii) 03)cot(cos2sin2   ec  
03cos4cos4 2    
03cos4cos4 2    

0)3cos2)(1cos2(    

2
1cos   or 

2
3cos 

3
   (no sol.) 

3
4,

3
2    

8 (iii) 
There’s no solution for 

2
3cos   because max. value of 

cos  is 1. 
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9 Let the positive number by 10x + y. 

)1(  16
15849999
1584)10()10(

22

22

22







yx
yx

xyyx

)2(  
5
3

)(44)10()10(




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)rej.(   5or    5 
25 

16
25
9

2

22






xx
x

xx

3 y  
The two numbers are 53 and 35. 

10 

 
 
 

3118
1129

2
84:)1()2(

)3(4  ,,4
)2(51  ,1,5

)1(9  ,9,1

2















r
q

p
p

qprrat
qpat

qpat
qpxxy

x
qpxy

11 (a) 

0)2)(13(
0253

22

)32(4)8(

2

523 2









xx
xx

xx

xxx

3
1

x  or x = 2

11 (b) 

53
532

532
5






 ba

5124545)3(53  baba
4953  ba   (1) 

123  ba     (2) 

Solve (1) & (2) simultaneously: 
4

87
a ,

4
13

b
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12 (a)(i)    

10
505

01356456    ),5,6(at 22






k
k

kA

12 (a)(ii) 

   
   

 
unitsradius

centre
yx

yx

yxyx

416

5,2
1652

2541352

013104

22

22

22










12 (b) 

)2(    2
)1(  01310422




hxy
yxyx

Sub (2) into (1), 

0)1310()244(5
013)2(104)2(

22

22





hhxhx
hxxhxx

042  acb , 

0792
0)1310)(5(4)244(

2

22





hh
hhh

541or    541

)1(2
)79)(1(4)2()2( 2




h

13 (a) 03
)12(

27
2 

t
 

9)12( 2 t  
312 t  or 312 t  

1t          or 2t (rej) 
13 (b) 

3)12(
108



t

a

When t = 0, 108a ms2 
13 (c) ct

t
s 


 3

)12(2
27

When t = 0, s = 0, 
2
27

c

2
273

)12(2
27




 t
t

s

When t = 1, s = 6 

When t = 3, 
7

18
s

Dist travelled = 
7
39

7
66

7
1866  m
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Mathematical Formulae 

1. ALGEBRA
 Quadratic Equation 
 For the equation  a x 2  + b x  +  c  = 0, 

a
acbbx

2
42 

 . 

Binomial expansion 

  ,b...ba
r
n

...ba
n

ba
n

aba nrrnnnnn 

























  221

21
 

where n is a positive integer and  
   

!r
rn...nn

!rn!r
!n

r
n 11 













2. TRIGONOMETRY
 Identities 

sin 2 A + cos 2 A = 1 
sec 2 A = 1 + tan 2 A 

cosec 2 A = 1 + cot 2 A 
sin ( A  B ) =  sin A cos B     cos A sin B 
cos ( A  B ) =  cosA cos B      sin A sin B 

 
BA
BABA

tantan1
tantantan






sin 2A  =  2 sin A cos A 
cos 2A =  cos 2 A –  sin 2 A  =  2 cos 2 A – 1 =  1 – 2 sin 2 A 

A
AA 2tan1

tan22tan




 Formulae of  ABC 

Abc

Abccba
C

c
B

b
A

a

sin
2
1

cos2
sinsinsin

222






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Answer all the questions. 

1 The equation of a curve is given by y = x sin2x, for 0 < x < 
2
 . 

(i) Find an expression for .
dx
dy [3] 

(ii) Calculate the exact gradient of the normal to the curve at the point 

where x = 
4
 . [2] 

(iii) Explain why the value of y is always increasing for 0 < x < 
2
 . [2] 

2 It is given that sin A = 
13
5

  and cos B =
25
7 .  If angles A and B are both reflex

angles in different quadrants,  find, without the use of a calculator, the exact value 

of 

(i) cos (B – A), [3] 

(ii) cos .
2
B  [3] 

3 (i) Express 
4

1243
2

2




x
xx  in the form of 

22 





x
C

x
BA , where A, B and C 

are constants to be determined. [4] 

(ii) Hence, find the value of dx
x

xx
 

4

3 2

2

4
1243 , giving your answer correct

to three significant figures. [4] 

4 (i) The gradient function of a curve is given by xAe
dx
dy x 51   , where A is

a real constant.  The gradient of the tangent at the point (0, –7e) is 9e. 

Find the value of A and hence, find the equation of the curve.  [4] 

(ii)     Hence, by using the value of A found in (i), evaluate dxy
3

2
. [4] 
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5 In the diagram, ABCDA is a circle, and D and C are points on AF and BF respectively. 

E is the point of intersection of lines AC and BD. 

Prove that 

(i) angle BDF = angle ACF, [2] 

(ii) triangle BDF is similar to triangle ACF, [3] 

(iii) (FD)2 – (FC)2  = (FC) (CB) – (FD)(DA). [3] 

A

B
C

D

E

F 
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6 (a)   Solve y
y e

e
 43

. [3] 

(b)  (i)    Find the value of x for which   15log2log8log 933  xx  . [3] 

(ii)   Given that 3log ax  and 4log bx , find the value of xablog . [3] 

7 The polynomial 83 23  bxaxx , where a and b are constants, has a factor of 

23 x  but leaves a remainder of 16 when divided by 2x . 

(i) Find the value of a and of b.  [6] 

(ii) Using the values of a and b found in part (i), find the remainder when 
83 23  bxaxx  is divided by 122  xx .  [3] 

8 (a)  Find the value(s) of k for which the line 6 kxy  is a tangent to the 

curve .32 2  xyx  [4] 

(b)   (i) Sketch the graph of 325  xy  for 35  x , showing 

clearly the coordinates of the points where the graph meets the 

coordinate axes and the coordinates of the vertex.   [3] 

(ii)  On the same axes in (i), a line cmxy  is drawn. In each of the 

following cases, by justifying your answer, state the number of 

solutions of the equation cmxx  325  when 

(a)  2m and c < 2,  [2] 

(b) 
2
1

m and c = 2. [2] 
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9 

The diagram shows a rhombus ABCD where A(–2, 10) and C(4, 4) are opposite 

corners. The mid-point of AC is M and B lies on the x-axis. 

(a)  Find 

(i)  the coordinates of M and of B, [3] 

(ii)   the equation of BD,  [3] 

(iii)  the area of ABCD.  [2] 

 (b)  Justify if angle ABC is a right angle. [3] 

10 

The figure shows two triangular plots of land OPQ and OQR. It is given that 

OP = OQ = 80 m, OR = 70 m, angle POR is a right angle and angle POQ =  . 

(i) Show that the total area of the two plots of land, A m2 is given by 

 cos2800sin3200 A .  [2] 

(ii)   Express A in the form   cosR , where R > 0 and 00 900   . [4] 

(iii)  Find the greatest possible value of A and the value of   at which this 

occurs.  [3] 

(iv)   Find the value of   when A = 4000 m2. [2] 

y 

x 

A(–2, 10)

C(4, 4)

M

D

B O

80 m 

R 

O P 

Q 70 m 
80 m 

 
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11 

(a)  The diagram above shows part of the curve  y f x . The curve cuts the 

y-axis at (0, 1).  Explain why  
5

0

12.5f x dx  . [2] 

(b)  In the above diagram, the line l is the tangent to the curve y2 = x – 4 at the 

point P(5,1).  Q is the point where the line l cuts the x-axis. 

(i)   Find the equation of the tangent l and the coordinates of Q.  [5] 

(ii)  Calculate the area of the shaded region enclosed by the curve, the 

tangent l and the x-axis. [5] 

~~~ End Of Paper ~~~ 

y 

x 

4 

5 0 

1 

y  = f

P(5,1) 

x 

y 

O

l 
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SOLUTION TO 2016 PRELIM 4EXP/5NA A. MATHS P2 

Qn Solution Marks Remarks 

1i 

xxx
xxxx

dx
dy

xxy

2sinsin
))(cossin2)((sin)1(

sin

2

2

2







M2 

A1 

1ii When x =
4
 , 

Gradient of tangent 







 


































4
2

42
1

4
2sin

44
sin 2







Therefore, gradient of normal 












2
4

M1 

A1 

1iii 
Since 0 < x < 








2
  (acute angle) 

0,

02sin
02sin,

0sin
0sin

2










dx
dyTherefore

xx
xAlso

x
x

Therefore, y is increasing for 0 < x < 







2
 . 

M1 

B1 
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2i A is in the 3rd quadrant, B is in the 4th quadrant. 

325
36

13
5

25
24

13
12

25
7

sinsincoscos
)cos(

































ABAB
AB

 M2 

A1 

2ii 

5
4

2

1
25
7

2
1)cos(

2
cos

cos1
2

cos2

:Using

2
























BB

BB

If 270o < B < 360o, then 135o < 
2
B  < 180o,

So 
2
B  is in the 2nd quadrant where only the sine

ratio is positive.  Therefore, 

5
4

2
cos 






 B

M1 

M1 

A1 

– 122

132 
–52

7 

25
–24
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3i 

x
x

xxx

4

3

)123(
12434

:Division Long

2

22





So, 

22
3

)2)(2(
43

4
1243

2

2













x
C

x
B

xx
x

x
xx

Consider 4x = B(x – 2) + C(x + 2) 

Sub. x = 2, 8 = 4C so C = 2. 

Sub. x = -2, –8 = –4B so B = 2. 

Therefore, the partial fractions are 

2
2

2
23







xx
 where A = 3, B = 2, C = 2. 

M1 

M1 

A1 

A1 

3ii 

)3(75.4
]1ln25ln29[]2ln26ln212[

)]2ln(2)2ln(23[
2

2
2

23

4
1243

4
3

4

3

4

3 2

2

sf

xxx

dx
xx

dx
x

xx



















M2 

M1 

A1 
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4i 

9
9

)0(59

,9,0

5

01

1














A
Aee
Aee

e
dx
dyxWhen

xAe
dx
dy x

exey

Ce
Cee

eyxWhen

Cxe

dxxey

x

x

x

2
2

59

iscurveofequationThus,
2

)0(97
,7,0
2

59

59

2
1

01

2
1

1




















M1 

A1 

M1 

A1 

4ii 

)3(2.19
...177.19

]4
6

)2(59[]6
6
)3(59[

]2
6

59[

2
2

59

3
1

3
2

3
2

3
1

3

2

2
1

sf

eeee

exxe

dxexe

x

x
















 

M2 

M1 

A1 

-1 for each wrong 
integral 
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5i Let FAC = x = DBF (s in same seg.) 

Let ADE = y = BCE (s in same seg.) 

BDF = 180o – y = ACF (s on a str line) 

M1 

A1 

5ii DBF = CAF = x (A) 

BDF = ACF = 180o – y (A) 

By AA similarity, BDF is similar to ACF. 

M1 

M1 

A1 

5iii 

))(())(()()(
))(()())(()(

))(())((
))(())((

22

22

DAFDCBFCFCFD
CBFCFCDAFDFD

CBFCFCDAFDFD
FBFCFAFD

FA
FB

FC
FD









M1 

M1 

A1 
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6(a) 

  

10.10
31
013

034
43

43

43

2

2

2

ory
oru

uu
uu

uu
eulet
ee

e
e

y

yy

y
y















M1 

M1 

A1 

6(b)(i)  

 

 

  
53
053
0158

15log8log
9log

15log
28log

15log2log8log

2

33

3

3
3

933

orx
xx

xx
xx

xx

xx



















M1 

M1 

A1 

6(b)(ii) 

7
1log

7
1

lg
lg

lg7lg
lglg

4log
3log

7

7

4

3














x

ab
x

xab
xab

xab

xbb
xaa

ab

x

x

M1 

M1 

A1 



14 

                           Sec 4E_AM_P2 YYSS_PRELIM_2016

7(i) 

     

4
)2(int16

16
)2()1(

)2(82
1682424

1682223

)1(4032
072648

08
3
2

9
4

9
8

08
3
2

3
2

3
23

23

23







































a
obSub

b

ba
ba

ba

ba
ba

ba

ba
M1 

M1 

M1 

M1 

A1 

A1 

7(ii) Using long division, 

Quotient = ݔ3 − 2  

Remainder = ݔ9− + 6 
M2 

A1 
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8(a) 6 kxy --------(1) 

32 2  xyx ------(2) 

Sub (1) into (2) 

 

 
    

5
0122436

03246

0362
0362

362

2

2

22

2












k
k

k

xxk
xkxx

kxxx
M1 

M1 

M1 

A1 

8(b)(i) 

A3 1 mark – for the 
coordinates of 
vertex. 

1 mark – for the 
points on the axes. 

1 mark for the 
correct graph. 

8(b)(ii)(a) 

8(b)(ii)(b) 

cxy  2  and c < 2 

This line is parallel to the line on the right of the 
vertex whose gradient is –2.  It will intersect the 
line on the left of the vertex at one point. Hence 
only 1 solution. 

2
2
1

 xy  

The gradient of the line on the left is 

2
4

2
3

05




  

Thus, this line is less steep as compared to the 
line on the left and will intersect both arms on at 
one point each. 

Hence, there will be 2 solutions. 

M1 

A1 

M1 

A1 

y 

x 

2 

5 

1 

- 4 

-1.5 
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9(a)(i)  7,1
2

410,
2

42







 

M  

Let B(x, 0) 

Length BA = Length BC 

       

6
7212

3281044
4041002

22

2222








x
x

xxxx
xx

B (-6, 0) 

A1 

M1 

A1 

9(a)(ii) Eqn of BD = Eqn of BM 

Gradient of BM = 1
16

70



  

y = x + C 

Sub (-6, 0) into eqn 

C = 6 

Eqn of BD : y = x + 6 

M1 

M1 

A1 

9(a) (iii) Area of ABCD = 2 x Area of ABC 

104010
2462

2
12




   
284

806040240
units



M1 

A1 

9(b)   

  
01 4.46

116
242sin

42sin116116
2
1

42sin
2
1







 







ABC

ABC

ABCBCAB

Therefore angle ABC is not a right angle. 

M1 

M1 

A1 

Alternatively, 

.11
5
2

64
04

2
5

62
010















BCAB

BC

AB

mm

m

m

So angle ABC is not 
a right angle. 
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10(i)        




cos2800sin3200

90sin8070
2
1sin8080

2
1 0



A
M1 

A1 

10(ii) 

 
 0

0

122

8.48cos4250
814.48cos0583.4252

2800
3200tancos28003200



















 





A
M2 

M1 

A1 

10(iii)  
 

0

0

0

8.48
08.48

18.48cos













A = 4250 

M1 

A1 

A1 

10(iv)  

0

01

0

6.68

814.48
0583.4252

4000cos

4000814.48cos0583.4252















 M1 

A1 
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11(a) 

Area of the shaded trapezium 

   25.12541
2
1 units

Since the area under the curve is greater than the 

area of the trapezium, hence  
5

0

12.5f x dx  .

M1 

A1 

11(b)(i)  

  2
1

2
1

4
2
1

4




x
dx
dy

xy

Sub x = 5 

 
2
145

2
1

2
1
 

dx
dy

2
3

2
1

2
1

5
1







xy

x
y

Sub y = 0 into eqn 

x =3 

Q (3, 0) 

M1 

M1 

M1 

M1 

A1 

y 

x 

4 

5 0 

1 

y  = f
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[Turn over

11(b)(ii) Sub y = 0 into eqn of curve 

 
4

40 2
1




x
x

Shaded area 

    

 

2

5

4

5

4
2
1

3
1

3
21

4
3
21

4135
2
1

units

x

dxx









 

 

M1 

M2 

M1 

A1 
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