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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? +bx+c¢ =0,
_ —btVb*~4ac
- 2a

Binomial expansion

(@+b)"=d"+ (?)a"_lb+(§)a"—2b2 - (Z)a”“"br +...+b,

where 7 is a positive integer and (:) = (nni AT = nin—1) "7;!(” —rtl)
2. TREIGONOMETRY

Identities

sin®4+cos?4 = 1

sec’d = 1+tan’4

cosec’d = 1 +cot’4
.sin(4 £ B) = sin4 cos B+ cos4sinB
cos{d+B) = césA cosBFsindsinB

tand +tan B
13 tanA4tan B

sin24 = 2sinAcosA4

tan(A£B) =

cos24 = cos’A—sin’d = 2cos?4—1 = 1 —2sin®4

2tan A

tan24 = T 3
1 —tan“4

Formulae for AABC

a_ _ b __c
sind sinB sinC

mitrh il ettty a* =b* +c*=2bccosd

Ly A
A= 2bcsmA
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1  The equation of acurveis y = 2x* —8x+11.

(a) By expressing 2x*—8x+11inthe form a(x+b)?+c, where a, b and ¢ are constants, find the
coordinates of the stationary point on the curve. [2]

25 8x I
=2 (13-41) + i
=2[(x-2)*-2*] +u
) pa, T

Stationary point = (2, 3)

(b) Theline y=2r+3 intersects the curve at points 4 and B. Find the value of k for which the
distance 4B can be expressed as V. [4]

y= 2243 —O
y=21’-8x+ll —2)

22t3 =212~ 8x tl
22*-10x + 8=0
x*-52 + 4 =0

(x -1)(x-4)=0
x=l or X=4
When x=I1: y=5 —7A=(|)5)

—w)hen X=4: 5 = —)ﬁ=(4'; “)Re C a P o
AB = A/(4-1)* +(N-5)* distance formula
=NIF3e =N Oa-1) 44

= n45
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When a substance, B, is dissolved in acid, a reaction occurs. The amount of B, m grams, present at time
f minutes after the start of the reaction is believed to be given by the formula m = Ae™™, where 4 and

k are constants. Measurements of m and # are shown in the table below.

(a) Plot Inm against f and draw a straight line graph to illustrate the information.

Inm A

1

2

3

4

5

15.6

12.1

9.5

74

5.7

[2]

1

2

4

5

15.6~

1217 |

74

5.7

hm

2.75

2-49

2-00

1-+4

2-31
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(b) Use your graph to estimate the amount of B present at the start of the reaction. [21.

Whea ¢ = 0 mins, In m= 3
m= g3

—J.O-lg

v

() Use your graph to estimate the time taken, to the nearest second, when 50% of B has been

. _dissolved. S - [3]___ o

When m=10-0%
Inm = -3

from ’l) t= -8 ming
ﬂr@ =2 min 483
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3 (a) Divide 2°+5¢*+6 by x*+2x.
2
3+2x)zx3+ S0t 6
—(27? + 42)
5> —4x t+6

Y

2P +5%t6 _ 5 4 Sx'-4x+6
S baT T

3, a2
(b) Express z—x-'% in partial fractions.
x

1]

5x*-4x+6 _ A + Bx+0

x(*+2) = % t2
e = A(XP42) + X(BXTC)
x(2*tz2)

Oomparing sx>-4x + 6= A(x*+2) +x(8x+C)
Sub x=0:6=A
A =9
Sub x=1: =3(3)+ 61+GC
Btc=-2—0
Sub X=-I° /5 3(3) (¢c-8)
P T T 6 P ———

C
c
©: 8

n ll
.pco

-4 2x° +5 246 3 22-4
X - -
b= x° +2x °2+ ! x*+2
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4  Acurve hasequation y= 14x—x>. Points 4 and B lie on the curve and have x-coordinates of  and
2k respectively, where k is a constantand 0 < £ < 7.

(a) Find the range of values of & for which the y-coordinate of B is greater than the y-coordinate of 4.

3]
A: Whenx=§ , y= 14K-K*
6: When x=2K, y: 14(2K) - (2K)*
= 8K - 4k?
Given 8K-4K*-) 4K=-K*
3K~ |14K< 0
K(3Kk-14)< 0

“
3

0<K <

(b) Explain why the gradient of the curve at 4 is always greater than the gradient of the curve at B. [2]

. :;'iﬁ%if---"" -2%

at poirt A, éi = ;4-&1(
at poirt B = 14-2(2K)
port B 2 - 14 -4K
For 0 K<F: 4K7 @K
-4K < -eK
14-4K < 14-aK
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5 (a) Find the first 4 terms in the expansion of (2 -%) in ascending powers of x, simplifying each
[4]

term.

@- D= EOPCH YV + (DR
= 32-40ax t 200 X*-5a°2° ¢+ .-

5
(2—%) , find the value of the
2]

(b) Given that there is no term in x* in the expansion of (2+3x)
positive constant a.

— .
(a@n t 00*2*-5a°2% + --+)

Coeffi cient of x* = a(20a*) + 3(-40a)
= 4oaf-|&0a_

Given 40a*-1204 =0
___ 40a(a-3)=0

(¢) Using this value of g, find the coefficient of x° in the expansion of (2+3x) (2 - gzx_) . [2]

Coeff icient of x° = 3(-5a%) + 3(20a?)
= -10(3°%) + 60(3%)
= 230
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, ¢ _
6 A curve is such that B—xJ—zi = 2¢ ™%+ 6¢”. The curve intersects the y-axis at P (0, 5) and has a

gradient of 3 at P. Find the equation of the curve. 7]

Given, 935 = 267 + 66
In+e‘?rah both sides w.r-t. x:
"% Jae*+6e** dx

=gy

When =10, j% =3.

3=-2dt3 tC

~C=d
Hence, # =-d¢*+ 3e*+a
In+e3rai'a both sides W-r-t. %

y=J3e+ 3eF+tadx
= ae*+ieTtraxtec
When x=0, y=§ :

5=&+%+c
C’
2x
Hence , » 4= 020 t X T L
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The diagram shows a citcle, centre O, with diameter PQ. The line PT is the tangent to the circle at P.
The point R lies on the circle and the tangent to the circle at R meets PT at S. QRT is a straight line and

angle RPS =x.
Prove, in either order, that
(i) angle RST=2x [31

(ii) triangle RST is isosceles. [3]

e (DPS= RS ( ‘fangcn#---fwmf. an external point S _—

_ to circle are eiual)
Hence , Z 8RP =x° (base Ls of isos- /)

/ PSR=180"-x°"-%° |
=(180-2%)° (sum of Ls in /\ is 180°)

~. L RST = 180°- L PSR
= 180°- (180-2%)°

= 22 (4s ona strline) .

© UCLES & MOE 2022 4049/01/0/N/22

Oct/Nov 2022 Paper 1(10)



Continuation of working space for Question 7.

GD. Z @RP = 90° (nghf—a led /\ in seml—cm:l/
P& is diameter)

LSRT=180°-’£&RP- LSRP
= /80°— 70° -2x°
| -(‘IO X.) - (£s ona str. line)
LSTR' 1800-4R3T - £ SRT
= |80° — 2x° - (F0-x)°
=@o0 -x) (sum of Ls in A\ is 180°)

Slnbe L SRT = LSTR
= A\ RST is isoceles.
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0

The chacram shows the curve y =3+x and the line 4y = 3x+k where £ is a constant.
The lme intersects the curve at the points P and Q.

(@) Inthe case where £ = 9, find the coordinates of P and Q. ‘ [4]

y=3a —O
4y=3x+1—2)
| Su.b___ndb._ 4(307) =3x+ 9

X =3 x+9
44z = (3% +9)*
144X = 9x* + 54% +8|
ﬂx 90X +8I= O
-10x+9 =
(x=1)(x- ‘1)

thn x-l whenx ‘l

P (I ) 3) & 7 ) q)
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(b) In the case where the line is a tangent to the curve, find the value of £,

Y= 3]x 4@
4-3— 3xtk —2

sub@® ino @)

4BR) =3 Atk -
IRIZ = 32 tK
1442 = x> +ekx + K*
2 +(6k-144)x +K>=0

b*- 4ac=0
(6K-144)* - 4(9)(K*) = 0
36k* = (6K-144)’

36K = 36K*- 178K T 20736
1FagK = 20336
- K=12
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9

The equation of acurve is y = x* —ax? + bx+ 4, where a and b are constants.

(a) Show that if y is always increasing then a® < 3b. [3]
j«if = 33*- 2ax + b
In crgasing funclam — ﬁ 20
| ie. 3x*-28ax +b > 0
" For @ quadratic weve Fo LLw(Naa osn‘n/e, .
it be obove the X -axis No real rootfs
Hence, D < 0
ie. (20)*-4(3)(b) <0
| 4a* — 126 < O
a*< 3b
(b) In the case where @ = 8 and b = 10, find the x-coordinate of each of the three points at which the
curve intersects the x-axis. (41
(x): _§x*+ 10x t 4
(x- 2) is a factor.
f 1A' -6x — 2
By Lonq Division , x-2)x3-8x*+ 10X + 4
f(x)= (x-2)(x*-6x -2) |
-6x* t10x + 4
Let 2°-6x ~2 = - (-6x* + 12x)
xX= -(é6)+ '\/ (-6)2 4(¢2) pyoa
-2y + 4
- -(-2x t4)
= ¢+ 444 (2% ;
=0 3'7 o632 - .
.+ the X- coordinates are -0- 3H‘ 2 and 6-32
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10 (a) Find the amplitude and period of
(i) 2sinx, :
amplitude = 2_units
period = 27
(ii)) 3—4cos2x.

amplitude = 4 wiits
period = 21

[ )

[1]

[2]

(b) Sketch, on the same diagram, the curves y = 2sinx and y = 3—4cos2x for 0 <x < 27 radians.

© UCLES & MOE 2022 4049/01/0/N/22

Oct/Nov 2022 Paper 1 (15)

(3]



11 The triangle 4BC is such that 4 is (4, 2), Bis (10, 2) and C is (p, g) where ¢ > 0. The area of
triangle ABC is 15 units? and AC = v/89 units.

(a) Explain why g = 7.

| (p,9q)
J A A from. the sketch,
AB is the base of

l A B /\ ABC and has

a Ieng-HI of 6 units.
-—ttt—x . Y -
4 10 |

Area of I\ =3 X base x h
15 =3X6Xh
t h =% units.
L y- coordinate of C = 512 = #

/-0 - g: ¥

(b) Find the possible values of p.

V89 = | P-8p+16+25
89 = p*-8p t+ 4l
pi-8p-48=0
(p=12)(pt 4)=0

p=’4 or 12
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12

120cm

The diagram shows a computer screen 120cm wide. A dot oscillates in a straight line on the screen
between the two points 4-and B on the edge of the screen. 4B is parallel to the base of the screen. The

~ displacement of the dot from O, the centre of 4B, is modelled by the equation x = asinnt wheret

is the time in seconds after passing through O and a and # are constants. The time for one oscillation is
6 seconds.

(a) Explain why a = 60 and show that n = %n. ‘ - [31
Maximum oo plgcemesd : |
0 = Wu& ob’i Wu
a=60
’ - N = l '
Period = 2IL = ¢ . M= 3

(b) Obtain an expression for the velocity of the dot at time ¢ and hence deduce its maximum speed.

B3]
= Q0N cos t
Vmax = 0N uné when wslt =].
(¢) Find the magnitude of the acceleration of the dot when it is at 4. [2]

a = 4t 02071'(&'/713{; X 17:)

-2071' Jln z t

At A, t=4%s: a= .2077 sm3(z)
= -zo‘lr ) - 207
—3(I)— cm/
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13

oy >\<

_4x4+2
Y= ¥

770 >
The diagram shows part of the curve y = _4;:%2 for x >—1.
(a) Explain why the curve does not have a stationary point. ' [3]
A{ = (x+1)(4) — (4x+2)(1)
dx (xti)*>
= 4xXt4 -4x -2 - _2
(x+n* . = (xt)D*

T A
Herte, the cwrre atow not have a s:‘atlmwy
pom+
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(b) The point P lies on the curve and the gradient of the curve at P is %— The normal to the curve at 2
meets the x-axis at 4 and the y-axis at B. Find the area of triangle 40B, : [51

Let 4L =4 E%u;«mm of Normal:
w’_‘) =4 -3=-=2(x-1)
. = -2% 5
(xt)* = 4 J
x'l'l =2 or Xt+l=-2. . - :
X = x==-3(rej) _,_ e
. 533 R F(‘ 3) Ni’”‘)’ 0,% EE)A(Q,O)

hrea of A\ ADB = IX5X45

= %i uaits

(¢) The line y = ¢ does not intersect the curve. By expressing Ax+2 in the form a+ "——é—, where
_ . x+1 x+1
@, band ¢ are constants, explain why ¢ = 4. 21
) 4;:+2_. T
Xt

-2 fo’rx7-l,x“> 0
H?IICO)4 - x2+r < 4
The curve is always bebow
He hm}o;dal, line ¥ = y

 Qince-the lime y=C Cant mfwect the cwrve ,
which i d“/?ﬁ below y‘

hne ¢ 74
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