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»  Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

» Give non-exact numerical answers correct to 3 significant figures unless a different
degree of accuracy is specified in the question.

« The acceleration due to gravity is denoted by gms™. When a numerical value is
needed use g = 9.8 unless a different value is specified in the question.
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Formulae
AS Level Mathematics A (H230)

Binomial series

(a+b)'=a"+"C,a" 'b+"Coa" *b* +...+"C,a" b +...+b"  (n€N),
H |

where "C_ = C,=( ) =—r

Differentiation from first principles

£(x) = !]iiE}, flx+ kg —f(x)

Standard deviation

Sx-F)  [3x® _ >f-%  [TAT _
\/ e l:’r\/ sr N =r Y

The binomial distribution

If X ~B(n,p) then P(X =x) = (;)p"'(l —p)"", mean of X is np, variance of X'is np(1 —p)

Kinematics
v=u+tal

L 12
5= ut+5u!

§= ;_—(u +v)!

vi=u?+2as

1 2
§=wvi—gal

& OCR 2020 HZ2302 Jun2D
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Section A: Pure Mathematics

Answer all the questions.

Q5™

25°
0 9.5cm A

The diagram shows a sector A0B of a circle with centre O and radius 9.5 cm. The angle A0B is

25°.
(a) Calculate the length of the straight line 4B. 12]
(b) Find the area of the segment shaded in the diagram. 13]

(@) 6 = b 4c - 2% cos A
A8 =957+ 949~ 2(2.5)(9.9) 05 25°
AB® = 180.5 - 1b3.5%...
AB" = \b. AN\ ...

\.'-Ag== 412... % &\ ew CSSGBJ

(b) Aveaof Secror= 8 1,2 = 25 <
S_1Tv¢* = m = 194.63..
360 360 " (1) °f

Aveo. of "\'ci\em%\t = Jibc SwA = Ji (a 9)(2.5) SIn25 =19.07. ..

B‘\M Areac 008 - 1907... = 0.6188...% 0.619 cnd
| (356
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2 Two curves have equations y = Inx and y = ]% where £ 1s a positive constant.
(a) Sketch the curves on a single diagram. [3]
(b) Explain how your diagram shows that the equation xInx—/% = 0 has exactly one real root. [2]
y
A

(@)

RYS At
A&

(M W=kt pmn be veananged ‘o zlnx-k=0.
z

T™ME Ccuvies inkerseck at o s'\na&\—e. POV as Showwn

b\j e goph, o there is only one vead vook.
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3 In this question you must show detailed reasoning.

Find the equation of the normal to the curve y = 4+/x —3x+ | at the point on the curve where
x = 4. Give your answer in the form ax+hyv+¢ = 0, where a, b and ¢ are integers. |7]

Y= ‘l'x,ﬁ'-’:,x + |

Mo4,53:2 _z= 2
dx 2 _Lyz Je

x=hH 4 L2 2 =2 SGrasent of Tangent
ax Ja

. Gwodienk of Novwmold = Ji
=& > N 4a -3(H*1 = -3 . Coovainake (4, "3>
o
%2 ) éz 2(:; )
Zj’té = x-4
x-4-2y-6=0

X-24-10 =0
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In this question you must show detailed reasoning.

The cubic polynomial 6:x" + kx” + 57x— 20 is denoted by f(x). It is given that (2x— 1) is a factor of
f(x).

(a) Use the factor theorem to show that & = —37. [2]
(b) Using this value of &, [actorise [(x) completely. [3]

(¢) (i) Hence find the three values of ¢ satisfying the equation 6¢ ' —37¢ *'+57¢ '—20 = 0.
2]

(ii) Express the sum of the three values found in part (¢)(i) as a single logarithm. [2]

(@) 2x-1=0 > ‘x.-——

JLGA (-LS - kb\ 51(,,_ 20=0
3 +k +5-20-=0
4 4 2
k ;
775G "Ow
*4 R4
kL+37:0 7[-"ks -3]
(b) ()= 6x>- 372> +5Tx-20
LX) ° (Zx—D(ax’z— | Tx + 20)
67(.3 - 373-5'—\'74_7' t+(Tx + 40x —20

' 5 = (22 -1) (32 -9 (1-4)
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(¢Y ) :S.(x): (21"0 (31_ SX (1 -L\-)
~N L/
. .x = 4 )5_ . 4
z 3
Given +hax %= &, €6 = L, 2.4

(€)= (5) An (£ ln(#)

Sb= -l %_Xl—m(_%),-mtﬂ

B Fg = -[fd) b (2) + i)
= - [\,,\\._l,,\-;_+w\6 - n3 +m»}
()
()

= -ln (L0
>

= (é
10
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5 A curve has equation y = a(x+h)” +¢, where a, b and ¢ are constants. The curve has a stationary
point at (—3,2).

(a) State the values of b and c. [2]
, 4) . .
When the curve is translated by (0) the transformed curve passes through the point (3. —18).

(b) Determine the value of a. [3]

@) (-3,2) |b=3,¢-2

(\D-) Transloked Cwve : ‘3= O\Cx-r(lo-bt))l*c
-19= 0 (34 (b-4)) e
-9 = _ *
1 a(zrad) 42,
-20 = 0\(7.32'

720 = ha
4 2

-.a= -5
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6 In this question you must show detailed reasoning.

The diagram shows the line 3y +x = 7 which is a tangent to a circle with centre (3, —2).
Find an equation for the circle. |6]
11._)_31: V?.
2 2 2
(x-3)"+(yt2) =¥
3y+x=7 % y=zz2tl I m="L H:m =23
0 3 3 >
y+2=3(x -3)
Yt 2=3x -9
3x-4-4-2 =0
e -y =11 @)

.Solw'm{) Q)&@ 3« -@: %“'QJ = 21
.Simu\i’amc.ou.s\:s' —34. :\1 - '”

lesj =10 d .'.j:(
3ol H = T7-3y =730 =4 Cxs 4,y
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C(4,1) 16 Ane poink of inreseckon beretan Uine & ciecta
L= (x - %) *(4-9)
Given (40 & (3,-2) v = (4-3)*+ (1--)* = |0

Equaion of Cwdle: (x -'5}1—*(_‘3* 2)" =10
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4 2xcm C

The diagram shows a model for the roof of a toy building. The roof i1s in the form of a solid
triangular prism ABCDEF. The base ACFD of the roof 1s a horizontal rectangle, and the cross-
section ABC of the roof 1s an 1sosceles triangle with 48 = BC.

The lengths of AC and CF are 2xcm and y cm respectively, and the height of BE above the base of
the roof 1s xcm.

The total surface area of the five faces of the roof is 600 ¢cm” and the volume of the roof is Vem?.
(a) Show that ¥ = kx(300—x?), where k = v a + b and ¢ and b are integers to be determined. [6]

(b) Use differentiation to determine the value of x for which the volume of the roof 1s a maximum.

[4]
(¢) Find the maximum volume of the roof. Give your answer in cm™, correct to the nearest integer.
[1]

(d) Explain why, for this roof, x must be less than a certain value, which you should state.
2 2]

ath = c® F x+ L= AB=BC
CAB=BC: {2t = 22

Surface Aean,$ = (2x)ghr 200Dy 2L (22)()
S= 224+ 232y ¥ 2™ =600
ij(‘ +§2) + 22> =600
j-‘ 600 - 2x* - 300- X
22 (1+§2) 2(1+§2)
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= 41 x = x%[ 300 - x°
V= FEAE ) x.( x (1+32)

V= x (300 - z}( | 5: x (300-) (-1+J2)

l+J=z

SN= (2 - x (300 - %)

k= FL"l, where a= 2 & b=-|

(b) V= kx(aoo~x’>= 300kx - kx>
dV _ 300k - 2k = k (300- 2%") =0

—

x

300 —3x-=0

L:_-l;]soo = o =%10
>

&V

dax? =Tl
2
x = 10 -)% =-60 <0 .. Maximum

S oxc 10

% = -10 > é;_\{;- =60 >0 -. Minimum
x

(cYx=10> V- (J}_-\)L\o) (200 - wor) = 328.42. ..
SN R 828 em® (33F)

(013 NV must a2 \>osi’cide,50 300 —xt>0.
. % cawnot exceed V200 om. x £ Jm0
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Section B: Mechanics

Answer all the questions.

8 Aparticle 1s in equilibrium under the action of the following three forces:
(2pi — 4j) N, (—3qi + 5pj) N and (—13i — 6j) N.

Find the values of p and q. [3]
L 29-29 -13 =0
J- 4199 -6 =0 — .0p" L%-. 2
.. 4 = 13 -2(2) 1
-2
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9 A crane lifts a car vertically. The car is inside a crate which is raised by the crane by means of a
strong cable. The cable can withstand a maximum tension of 9500 N without breaking. The crate
has a mass of 55 kg and the car has a mass of 830 kg.

(a) Find the maximum acceleration with which the crate and car can be raised. [2]

(b) Show on a clearly labelled diagram the forces acting on the crate while it is in motion. [1]

(¢) Determine the magnitude of the reaction force between the crate and the car when they are
ascending with maximum acceleration. [3]

@) F=ma

'\\T—.Omoo /75:0"%
o 300 ~ 559 - 8309 - g2 *5da
l 227 = 385 a

550+ $304 = 82T £ 09344, X0 Q2Y ms ™
B85 (=30

(b) TT

(¢ 9500 - 859 - R = 55 %}

gaLy -2 = 4097
1717

- R=396- qquvj = 8909.6... % 310N (3s)
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10 A particle P is moving in a straight line. At time ¢ seconds P has velocity vms ' where
v=_02t+1)3—1).
(a) Find the deceleration of P when ¢ = 4. |2]
(b) State the positive value of ¢ for which P is instantaneously at rest. 1]
(¢) Find the total distance that P travels between times ¢ = 0 and 7 = 4. 13]

@ vz (2+)(k+3) = — 242+ 54+3

a=dv = —uy+5
dt

b=y a=-4M)+tH= -
" Dece\gvpaion = -\\ MSY

(b) v= (2t+)(-£+3) =0
) Voo k= 3
2t+\ =0 -k t3 =0
4,¢-J7__¢o e=3 >0

© 4= [yax = J-2 450 43 de=-2 450 yac e
& =z

4=" X vdt = sjv& + j“é\—,

L‘
3[-.2-9*_5.5 +3e] [ *6—\7 *3%3
R *3(%33 @) - (- 5>+ T3

()

\

-3 -
= %3 ' -
% .. Total DStance 0f P = | 7.7 wm (35f)
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A car starts from rest at a set of traffic lights and moves along a straight road with constant
acceleration 4 ms ~. A motorcycle, travelling parallel to the car with constant speed 16ms ', passes
the same traffic lights exactly 1.5 seconds after the car starts to move. The time after the car starts
to move is denoted by ¢ seconds.

(a) Determine the two values of 7 at which the car and motorcycle are the same distance from the
traffic lights. [6]

These two values of 7 are denoted by 7, and 7,, where 7, <'1¢,.
(b) Describe the relative positions of the car and the motorcycle when ¢, <7 <1,. [1]

(c) Determine the maximum distance between the car and the motorcycle when 7, <7 <7, [3]

(M3 > Vp7 1b ms™
C >V,
A4 mg”!

Grt 3+ [ (T an = Jhede = e

Motoveugle * $= V= 16 (£ -1.5)

2¢* = 16(%-1.5)
247 = \bb - 24

24%-\6k +24 -0
2 w2
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b) $,ceect,
Motorcude is oead of #ne o,

(©) Maximum distonce i ok &= k.
£ = - (22— 166+ 20) = -24 "+ bt 24
LWy = “2()%+ 6 - 24 = T m

S Moximuwr disyranmee = ¥ m





