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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c¢ = 0,

— —b+Vb* —4ac
N 2a

Binomial Theorem

o =t s (e (o (i e o By
: o nN__ nl . é b
where 7 is a positive integer and (r) = =nir \
Arithmetic series u,=a+n—-1)d &0

S, =zn(a+) =%n{2a+(n—1)‘a

Geometric series u, = ar””!

_a(l=#") 0
T WQ
- oQ’b

&2
”’ )
Identities

2. TRIGONOMETRY

sin?4+cos?4 = 1
sec’4 = 1 +tan’4
cosec’d = 1+cot’4

Formulae for AABC

a__ b __¢
sin4 sinB sinC

a* = b2 +c*—2bccos A

1y
A= 2bcsmA

© UCLES 2021 4037/11/M/J/21



o k=] P Ny AAEE - . b T
= = 3 ";é o ZO

1 (a) On the axes, sketch the graph of y=5(x+1)(3x—2)(x—2), stating the intercepts with the
coordinate axes. [3]

(b) Hence find the values of x for which 5(x+1)(3x—2)( 0. [2]

_\43;4:2/3 a 72

ing your answer in the form a+Inb, where a and b are rational

2 Find f( (x—l

numbers. { Can )m — [3]
. ’ ) R ARy o
'n"fjva.ta- —:v’_% —(;-:‘)2 ] 6‘ D) C“‘)—&
3
5
[\“ \x_.|]5: \ﬂ‘t-—\nfb \ \ni“‘/“, = —/“_ \vxz
= \n y A =
-
' = \n2
S 2 "‘_':
(X-‘) o\x (x-1)
3 Y 3
= <1 L& —g-]
- =l
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3 The polynomial p(x) = ax’ —9x” +bx—6, where a and b are constants, has a factor of x—2. The

polynomial has a remainder of 66 when divided by x—3. . ( a("’; )__ 9 C z’:-) +D
(a) Find the value of @ and of b. N\m-'\ X= 2 Suhht P__%Q; (4]
XK~2=0 k-3 =0 1 Ba=x2b—-12=0 puide by &
K= 2 x=3 ‘ > =z 3
P(b) =Gb 1 Ko ~b= aﬂ/
i . bd-6 2 ~ (1) b= 21-4%A
4 )nﬂ(a -+ Wiwg, aquadads ()
27a— 81 +3b-6=66 ?’1'0\‘"\-3(—2‘;_40‘) =153
R7a +2b= 83 -V 27 A 63— =153
) —_ o]
e o s | 422202 Q)
(D awnal ) q a=
(9 =o2 =
By sulentdus SRuakedl D W =-3
‘o o= ""q = % ‘*Cé)
aly =~ 2
(b) Using your values of a and b, show that p(x) = (x< , where q(x) 1s a quadratic factor to be
found. (2]
- Gl i sx- o>
4 = Gé :l,x-vs ® o
=2 Gx ——qx "51‘_
Gx —-\2x2 Q
3}’- '0
—~ é
d
g o)
PUd =73 (Gf x o)
—_——‘f—_'
(¢) Hence show that the equation p(x) = 0 has only one real solution. [2]
PCx) = (x-2) (C»x +3x '*'5)— )
X—-Z=0 Gx C4zx+3 =0
= 2z LR—pec = F-4(0Q
=~ —¢63 Lo
S\wte | J—kac £ 0o Thare auwew? reak
v ook £
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4  The first 3 terms in the expansion of (a +x) (1 - 5) , 1in ascending powers of x, can be written in the

3
form 27+ bx+cx?, where a, b and ¢ are mtegers Find the values of a, b and c. ( 3 [8]
¢ ¢ (qS n2 4+ 3 C (@ (x
3 a-X
|- (= TN \ T 3 q S 3 al

a’ + 2% % 3‘*""*’C'

5w
\,\.\ - 3 =3

5cu)("/) + 5 13

x
¥ jo- \° A
¥ /3 -
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5  The functions f and g are defined as follows.
f(x) =x*+4x for xeR

g(x) =1+e* for xeR

(a) Find the range of f. [2]

fC) = A2Ax

x (x+y) =0
ﬁ"D \KT--H'
,S:(;\ (_—-2.) —f'—l'c"?')

(b) Write down the range zo{ g [1]
x)= \ A2
’g(x =0 ‘9C
900 = L+
- 2

Py numbs yauiad T pos¥

"& 22y wuj 2
(¢) Find the exact solution of t fg(x) = 21, giving your answer as a single logarithm. [4]
Flan)l 4 L 5@)3
ax |2
2
e 4 ~ e,] ~ 4 [vx -
;5 x +une =<
T L4 2a TR TR
l 2x a
x - -
*’\-6:‘7“ ,*S,..Z\—'O.é\v\(& 2 =
2 2% ___
ax _ e T8
T \6=0 P ks In2
2 —b = 2T
U + eu "~ 3
?"'\b (8,’1\ 7(:-!—\V\2
L= o
=0 - \ny
&V\"’g) Q-z. 2=D * *:_:__.-L
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6 (a) (i) Findhow many different 5-digit numbers can be formed using the digits 1, 3, 5, 6, 8 and 9.

No digit may be used more than once in any 5-digit number.

6\> =10 | 3 5 6 &
s

—

6 x 5« %‘3"2’772'0

(i) How many of these 5-digit numbers are odd?
OO0’ 5 s & 2!
5 x q. x 3 XxHK
~ 420

(iii) How many of these 5-digit numbers are odd and greater than 60 000?

O ECEGECHS)

© ot @ 3 q
e 1257 3
— = 7 ~1qz

2 x g xBRRXEE =

@ 6+av+q 1 2L
x b+ x 3 xAND ._,"(2

(b) Giventhat 45x<"C, = (n-l-l)x"“Cs, fv@ ue of ».

f\L,.-"'T‘

= KX*)
Q‘"’>‘ v 0Q 3‘, = 2xax)
& ﬂ" Q = 37‘2‘.
R \ 2 W)
Qn’-? Kvx«) -—&V“"‘) ’
L
N Q. - (’*“"

(o0 r

. o) st
—_ e

\V\-iﬁ)‘. y\-\\z \5
\ nx V5=
S on . \
I :(n «-‘)&"‘*“) w= 1k

i (n-n) |, 120C n= ",

(1]

[1]

[3]

[4]

4
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7 (a) In this question, all lengths are in metres and time, ¢, is in seconds.

displacement A

= 50. _______

~40 / =

30 e
6‘/ , So §

S, e : A e e e

=104/ : :
0 10 20
10 S S

The diagram shows the displacement—time graph f(@;’ for 0 < 7 < 40.

(i) Find the distance the runner has travelled % 40. [1]
b ickanee = so +s° o

= llovvb

(ii) On the axes, draw the CQ g velocity-time graph for the runner, for 0 <7< 40. [2]

velocity

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

___________________________________________

© UCLES 2021 4037/11/M/1/21



9
(b) A particle, P, moves in a straight line such that its displacement from a fixed point at time 7 is s.
-1
The acceleration of P is given by (2t+ 4) Z for t> 0.

(i) Given that P has a velocity of 9 when ¢ = 6, find the velocity of P at time 7. [3]
ik
o= (ak+w) ™
V = 3 adk = \S(%“%k"\k q =4 +e

c—°\~‘\-
- B
L (O

&
(- e éﬁ**) -2

S e \Joﬁoch—\ S Lot
Sukiraxe Yo \JQ.\u.xs.

A= %. &) ‘\"‘\') &
a=>01p"%
(ii) Given that s = % when 7 = 6, find theliispla®€ment of P dt time 7. 3]

'1“*’5‘“*;‘“37\(\1& (o)

\/q_\oc)\
o _ @b‘* ¢ o
M\aw’c
,_g’,’: Pk 49
“”‘ , 72 sk o
\ y (1)
>
T R e
3> 2
Ao ish 4 d
3 3
‘ e
= /3 T3z
- B £ -5
A= — (auw) +5
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8 DO NOT USE A CALCULATOR IN THIS QUESTION.

A curve has equation y = (2— «/§)x2 +x—1. The x-coordinate of a point A on the curve is /3

(a) Show that the coordinates of 4 can be written in the form (p+q\/§ , r+s«/§), where p, ¢, rand s

are integers. .
QO\,\‘.\W\OJMQ, W_ Mﬂ"d\‘wﬁ& ‘& QYD\“\— A -
E +~\ % a2~ {3

- Y

2-43
= {5 (2+03) *! (2402)

2 () —3¢~03) q@
. B raxr™? O

\ N
a8 &

K T ===
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(b) Find the x-coordinate of the stationary point on the curve, giving your answer in the form a+ 53,
where a and b are rational numbers. [3]

F;r fG:_ sm h'eny Po:n""' jf :O.

Y= f-g)X ="
f&i: Q(Q_—-@)I’H*O O

BCTT 3
\

e j>”..,:£ é@
’O
@6\

)(uw“““”" s '/.r.S
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9 (a) (i) Write 6xy+3y+4x+2 in the form (ax+b)(cy+d), where a, b, ¢ and d are positive
integers. [1]

Consiler #5  6Xy +3y+ 4X*2

Coromon {ddﬂ’", 3j(‘2%*\) ~ ZCZ%-“)

e ]:aotv“-;!,' (35*2) (Zl'f')
-

(i) Hence solve the equation 6sin@cos@+3cosO+4sin6+2 =0 for 0° < 6 < 360°. (4]

(G &in OCos © + 3 Cos® +4<in &+2=0
xr + 2 =ie

Th/f%*ﬁm - 6xY + 37 + 4
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(b) Solve the equation %sec (2¢+%) = % for —m < ¢ < m, where ¢ is in radians. Give your
answers in terms of 7. [5]
i
rSee = Cos
Sec _\j - 2

IF)

(pstd—:- E;
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10 In this question all lengths are in centimetres.

bugle— 2x—-1.70
. 5€3

v
»

2 2 2 g |
QA5 -66114
v = loo—56345 Mg B
© 2 — \8.386%
OM = 315 e
DAM2 66' L{'
The diagram shows a sha;ie

¢ AB is the major arc of a circle, centre O, radius 10. The line

AB is of length 15, the line length 25 and the lengths of AC and BC are equal.

(a) Show that th
Us Cos\we

70 radians correct to 2 decimal places.

g (2]
- Loz-f-v(f— 15

2x10X10

~ (o000 =323

—-— /
OO0 | _ (496 ya.a’rwu

= 25,
— 2'.5100 Cos (€ p

(b) Find the perimeter of the shaded shape.

Leng ik Major arc= ¥ 0 |
'(T ?j = (D(I{--S?.’:)
= He-83
/-.ﬂ—nglk '(fkc_-_- 7'5z+lg‘582
19.8566
© UCLES 2021 = , q ' 7 cm
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Pu)mx(: k5.8t 2("1.35‘)
- 855

/-_——
/

(¢) Find the area of the shaded shape.
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