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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

_ —bEVb®—4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”1b + (n)a”2b2 ...+ (:f)a”’b’ +. D"

1 2

. e n n!
where 7 is a positive integer and | | = ———
r/] (m—r)'r!

Arithmetic series u =a+(n—1)d

s = %n(a-l—l) - %n{2a+(n— d}

Geometric series u,= ar"!
_a(l=r")
Sn = ﬁ (7‘ # 1)

S.=1= (rl<D

[e9)

2. TRIGONOMETRY

Identities
sin?4+cos?4 =1
sec’4 = 1 +tan’4
cosec’A = 1 +cot’A4
Formulae for AABC

a_ _ b __c¢
sind sinB sinC

a’ = b*+c*—2bccos A

N P
A= 2bcsmA
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The diagram shows the graph of the cubic function y = f(x). The intercepts of the curve with the axes
are all integers.

(a) Find the set of values of x for which f(x) < 0.

-3 UL | and U > §

(b) Find an expression for f(x).

Waxis = -3,1,5
5 axis = -5%
F(w) =

a(w+3s)(w-1)(n-5)

-5 = a(0+3)(0o-1)(0-5)
-5 = [BHa
a= -1
3

) - _-‘3—(u+5)(1z-1)(11—‘5>

© UCLES 2021 0606/12/0/N/21

[Turn over

[1]

(3]



Vo (zp)
2 (a) Given that H_(3y> = x%)"z¢, find the exact values of the constants @, b and c. [3]
XZ \/E
L F 2o $+3 L2 a+3-1
yzy owoy z
-3 -3 1 -
A
- ,]X y! Zl
z
(b) Solve the equation 52%*)—17(27)+3 = 0. [4]
5(2.27)-13(2")+3 =0
let 7= )
ow -~ FuU +3 =0
(sw-1)an-3) =0
-4 _ 3
U= < w= =
P ) P 3
L = 'g Q= DY
= log_ L log =
P- 09, s P= og, s
= - iog,‘S = ‘Oga 3- logzz
- -2.32 = logzb -1
- = 0.585

—
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3 (a) Write 3+2lga—4lgb as asingle logarithm to base 10. [4]

log 10+ log a” - log b’

3
lo 10"
9 o
=z
(b) Solve the equation 3log 4+2log,a=7. [5]
3logt+ 2 _3 let fog, U = 1%
log, 4
2 _
du + o 1
2+ 2 - Fu
W-FU+2 =0
(5w - 1)(x -2 =
u:‘; €z 2
logai= 5 | log,u = 2
15-3
(H:a) y - o
L
=0 a= 2
a =64 Z
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4  Solve the equation cot<2x+ %) —v3 =0, where —7 < x < 7 radians. Give your answers in terms
of . -1 < QU < 2T 41
| -:m'+73l< 2+ < arr+§
_ .3
'Ean(m+g) ~  #3X
R
T P ﬁ A
tan (2u+;>= BN Qs \\\y
: T _ A
Rej. 21(+3 = +on (g)
- I
b
;nd rotation \‘from am
Gl - au+% = %- "—35,1 \', -
g = T T A+ = > Sl include in domain
2’ )2
=
> (¥ rotation but in negative direction
Ga—om+I3r-=1T+% , L K
Still include in domain
¥ = 50 -3m
12 12
5  Find the possible values of the constant ¢ for which the line y = ¢ is atangent to the curve y = 5 sin% +4.
: (3]
g = 5 &in l;— + 4 line y=c 15 a +angen+
® l
M=y = - . L
T g. 5 Cos 3 3 M=o
~———
= 5 L2
0 —5' Cos 3
Q)
«
Cos 3 - 0 < Qy
-
Ret - % = (Cos o)
_ T
T2
w _
i Lo T
) T
w = 3T when % =3T _ y= Ssin(T )t Y
A
= 9
G‘f - L3 = ar - r
3 a
T e (9T
_ o when ’lk-_n.—ay_SSm(G)+‘-}
2
U = 9r "2
E
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6 DO NOT USE A CALCULATOR IN THIS QUESTION.

The polynomial p(x) = 10x> +ax® — 10x+b, where a and b are integers, is divisible by 2x+ 1.
When p(x) is divided by Xt 1, the remainder is —24.

wtiz0 , U=z —) MU+ =0
(a) Find the value of @ and of b.

P(-3)=10(-3V+a(-3) -10(-5)+b

0 :_l%QJr%’LS“Lb y -5 = a/+ ub
O = -5+a + 40 + b a =jatb
-5 = Q+ub ... (1) 3;:2"/

P(=1) = lOC—')3+ a(-1)" -10(-1) + b a e <33
-4 = -10 +a+1i0 +b g

-4 = a+b ... (?)

(b) Find an expression for p(x) as the product of three linear factors.

(4]
P(x)= 10%” - 23u* - 10 + 3
SBnH,eHc, / Horner’s method
= (2w+41) Q)
10 -2¢ -0 3
-L
= (2u+)) (5% -16u + 3) 2 5k 7
0 - )
= (aw+r)(sn ~1)(%-3) 6
(¢) Write down the remainder when p(x) is divided by X [1]
®-0=0
v=0

P() = 100 - 329 — 10w + 3
P (o)

1

O-0-0+ 3
= 48
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The diagram shows triangle OAC, where 04 = a, OB =b and OC = ¢. The point B lies on the
line AC such that AB:BC = m:n, where m and n are constants.

(i) Write down AB interms of aandb. AB = OB — OA

(1]
= b-a
(ii) Write down BC in terms of band ¢. BC = 6é - 0B [1]
= C -5
(iii) Hence show that na+me¢ = (m+n)b. [2]
— m -
AB = T AC
- m _
b-a = T (C a)

(m+n)(_b-a): m ((,—a)
bm+l>n-/n{-na= mc-ymf

b(m+n) = mC+na

Shown
-

2 —4 4
(b) Given that /I(l) +(u— 1)( 7) = A+ 1)(_ 2), find the value of each of the constants A and x.

[4]
- ;z)\—tw+/: 4)\+/
—L}}L:Q)\
—QfL:)\,
SN+ FA-F = k2 Subs
3)\+:[-,A, = 5
5(-‘1}L)+¥f&:5
"6}4-+:F}/(_:5

,LL:S p ,)\:-—lO
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8 (a) A 5-digit number is made using the digits

0,1,4,5,6,7 and 9. No digit may be used more

than once in any 5-digit number. Find how many such 5-digit numbers are even and greater than

50000.

= I ¢ digt 5, last digit 4 or 6

Os v 20
!

= |20
lest 5 avallable
digHS
- |t dl'gH' GorF or 9 , last digi+

—_ — ————

1

540

fx Bx Ux 3 x2

0 or 4 or ¢

I3x Sx U4 x 3 x3

(3]

—s lotal = 120+ 540

660 ways

—

(b) The number of combinations of n objects taken 4 at a time is equal to 6 times the number of
combinations of n objects taken 2 at a time. Calculate the value of n.

nCy = 6 nC,

l (

L = b x n-
4! (n-u)! 2! (n-2)!

/a/!/a!(n-z)! - Gx%q!x(n-q)l
/:»,{n-a)(n—s)(n/-vﬁ: 6 x lx 3x/(//)’f

(n-2)(n-2) = 6xyx3
n*~-sn+g = T2
n"—Sn_ o =

0
(nt6)(n-n) =0

n= 1

z
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M

% 6cm B

| B

4cm 9 O

\ g

D C
N

12cm

The diagram shows a circle, centre O, radius 12cm, and a rectangle ABCD. The diagonals AC and
BD intersect at O. The sides 4B and AD of the rectangle have lengths 6 cm and 4cm respectively. The
points M and N lie on the circumference of the circle such that MAC and NDB are straight lines.

(a) Show that angle AOD is 1.176 radians correct to 3 decimal places. [2]

AC = BD = /624 - a3 wn

[_AoD = CoS' ('3%)
0D = OA = V13 m

= 1.1¥6 rad
2 2 2
Cos LZAOD = OD +0A - AD _ B+13-16 _ o Chown
Q.0D . 0A Q.13 2 v
(b) Find the perimeter of the shaded region. [4]
Major Sector — K = arm - 1136
= 5.10%
Major arc length MN = .1
= 5.10F = 12
= bl.32

AM =DN - 12-iz - 8.39 ¢m

erimeter 0f Shaded = AM+ DN + mgjor arc + AB + BC + CD
= 8.39+839+ 6.3+ 6+4+5

= 941 tm
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(¢) Find the area of the shaded region. [3]
Area [T ABCD = G6xY4 = a4 an”
Area A AOD = % x A= ODx Sin G
L=V x {3 x Sin 1176

6 cm”

Area minor sector MON

n

Lo r?. Lx16x 12
8

_ 2
Area big (O = Trt = 84632 (m

T(12)" = Ys2.% em

3]
n
~

Areq  Shaded

"

4524 - 24 - (84.632 — 6 )

349.F o’

X 350 cm”
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10
A
1 3
= +
¢ (x+2)* (x+2)
B
2 g
The diagram shows the graph of the curve y = I + 3

3 for x >—2. The points 4 and B lie
(x+2)" (+2)
on the curve such that the x-coordinates of 4 and of B are —1 and 2 respectively.

(a) Find the exact y-coordinates of 4 and of B. [2]
A > sbs £=-1 - y= ‘ 3

3 f 3 _ 13
8 — Subs ¥ = 2 — = ! + = L4+ 2 = =
¢ (2+a)  (2+2) e 4 le

z

(b) Find the area of the shaded region enclosed by the line AB and the curve, giving your answer in the
form 7" In7, where p, g and r are integers.

[6]
frea of ¢ -
Line AB passes (—I,Lr) & (2,_,_) f Shaded =
1 I-H- I 3
Ll_‘& f(l u+_lf (v.+2)‘+'u,+z)d“
m = 3 3
! — “ - 13 Yz | 2
—-__,9. _ .
) 32u+|ﬁu Y e alr\('ll'”)J_
y-= mu + C |
S - 43
y=-Bayre, c= 22 :(%H+q?.2+f—3|nl})-—(-%_%f|—o)
Y= -1 g4 4
. 6 = B _ 3y
32
=
© UCLES 2021
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Additional working space for Question 10(b).

© UCLES 2021 0606/12/0/N/21 [Tlll'll over



14

11 (a)

vms

' 8
0 10 25 35 o 55 IS

20

The diagram shows the velocity—time graph for a particle P, travelling in a straight line with
velocity vms ™| at a time 7 seconds. P accelerates at a constant rate for the first 10s of its motion,
and then travels at constant velocity, 30 ms ™!, for another 15s. P then accelerates at a constant
rate for a further 10s and reaches a velocity of 60ms™'. P then decelerates at a constant rate and
comes to rest when ¢ = 55.

(i) Find the acceleration when ¢ = 12. [1]
Az 0
(ii) Find the acceleration when ¢ = 50. [1]
AVz 0-60 = -60mfs > - _A_\L - 3w
Atz 55-35= 20 S 4 =
(iii) Find the total distance travelled by the particle P. [2]
Total distance = Ar + As+ Az + Ay
Z 30«x10 + 30x15 + (aa+soa)x 10 + 60 x 20
Iy

150 + 450 + 450 + 600

\(

1650 m

=

1
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(b) A particle Q travels in a straight line such that its velocity, vms ™', at time 7s after passing through
a fixed point O is given by v = 4cos 31 —4.

(i) Find the speed of Q when ¢ = 57“ [2]
=10)
V| = 22 ) -
vl = Hoos 3 () -
= oms
(ii) Find the smallest positive value of ¢ for which the acceleration of Q is zero. [3]
a = dv
dt
= -4Gn 3t . 3
O = -12sin3t

_ e
Sin 3t = 0 <&I

Ref 3t = sin (0) =0

- L
Qi — N/A J—> 1= 5/8
Qs — 3t =T=-0=T -
(iii) Find an expression for the displacement of Q from O at time z. [2]

S- f v dt

= [(roos st - u) o

= -H—-SIHEIS‘LH: +C , t=0 _

S=o0 > c=0
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