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() Find the first 4 terms, in ascending powers of x, in the binomial expansion of

(1 + k)
where k is a positive constant. Give each term in its simplest form.
3
Given that, in this expansion, the coefficients of x and x* are equal,
(b) find the exact value of £,
@

(c) find the coefficient of x*
m





image9.png
A business plan predicts a yearly profit of £250000 for the year 2019.
The business plan also predicts that the yearly profit will increase by 10% cach year
forming a geomeric sequence.

(@) Find the first year in which the business plan predicts that the yearly profit will
exceed £1000000
(O]

(b) Find the total predicted profits for the years 2019 to 2030 inclusive. giving your
answer to the nearest pound.

3
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The box plot summarises the weights of luggage for a group of tourists at an airport.

Weight (kg)

(a) Write down the range.
o

A quarter of the tourists had to pay an extra charge because their luggage was too heavy.

(b) Write down an estimate of the maximum weight that is allowed before having to pay
the extra charge.

@
Four tourists with luggage weighing 10kg, 17kg. 21 kg and 25k join the group.

(¢) State what, if any, changes this will make to the box plot.
Give a reason for your answer.

o
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“c, m( | or 10 as a coefficient, and 'C, M[z)m45u:nm-nd ‘e, m(]]m 120 as another.
Pascal’s triangle may be used to establish coeflicients.

BI: The first two terms correct (i.e. =1 +10kx )

Al: The third and fourth terms are correct — allow with brackets (kx) (i.e. 45k’x" +120k’x" or 45(kx)’ +120(kx)" )
(Accept answers without + signs, can be listed with commas or appear on separate lines)

If extra terms are given then isw

®)

MI: Sets their Coefficient of x equal to their Coefficient of x*but must have differing powers of k

M1 Divides then takes a square root to give a value for & (May use difference of two squares to find k which is fine)

Al J% or % or ?me. (needs to have just the one positive answer — if negative square root is also given,
this is AD)

If there are x terms present e.g. 120k’x” = 10kx then this is MOMOAQ
If both powers of & are the same this is also MOMOAO

©
45 15 15, .
BI: 32 or - or 375 or equivalent Allow - (can follow negative value for £)
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‘Question
‘Number Scheme Marks.
4@ | way 1: 250 000 (1.1)"" > 1000000 or 250 000 (1.1)" > 1000000 Ml
W7 >4 o (LIY>4 Al
So(n—1)logl.1> logd or n—1>log,,4 or nlogl1>logd or n>log,4 | Ml
the year is 2034 Al @
‘Way 2: Alternative method using trial and improvement
250 000 (1.1)"* =1044312 Ml
250 000 x( 949374.58 Ml
. Al Al
Gives correct two amounts, the year is 2034 @
®)
S M1
Alft on their r
. Al
=(£) 5346071 (allow in standard form) @
m
Notes

@) M1: Accept = or < or > for this mark and allow 1 or n — 1. Allow 1.01 for this mark.
AL Correet power equation but allow = or < and allow n or n - 1
MI: Correet use of logs on their power equation or inequation
NB if they use sum of series formula, i error, on part (a) they may get this mark if they use correct algebra to
solve a power equation (usually MOAOM1A0)
Alcao: Need 2034 (16® year is insufficient)
(b)MI: Correct use of sum formula with power 11 or 12
AL: Correct unsimplified using 12 with their r (¢.g. 1.01)
AL Allow awr (65346071

Special case: Candidates using 1.01 instead of 1.1 may get a maximum of MIAOMIAOMIAIRAQ
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Question

Number Scheme Marks
1(a)| [34-8]=26 Bl
1)
) 2 (ke) Bl
()
(¢) | One extra value in each quarter so no change Bl
(]

131
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The circle C has equation
Xt -6y =1
Find

(a) the coordinates of the centre of C,

(b) the value of the radius of C.

The point P (5, =3) lies on the circle C.

(¢) Find an equation of the tangent to C at the point 7.

@)

@

@
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V= dx + 50

y=x+ g+ 18

=V

Figure 2

Figure 2 shows the line with equation y = 4x +50 and the curve with equation
y=x?+ 8x + 18. The line cuts the curve at the points 4 (8. 18) and B (4, 66).

The shaded region R is bounded by the line and the curve, as shown in Figure 2.

Using calculus, find the area of R.
©)
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The journey time for Charlie to travel to the train Station is normally distributed with
‘mean 25 minutes and standard deviation 6 minutes. If Charlie’s journey time s less than
20 minutes, he will have time to buy a coffee before boarding his train

() Find the probability that, on a randomly selected day, Charlie has time to buy a coffee.
e
Ina particular week. Charlie travels to the station on 2 days.
(b) Find the probability that he has time to buy  coffee on just one of these days.
e
On 1% of days, Charlie’s journey time is longer than  minutes.
(9) Find the valve of m.
e
A new road is built and this should make Charlie’s joumey time to the station more
reliable.

(@) State, giving a reason, what effect you would expect this to have on the standard
deviation of Charlie’s journey times to the station.
o

After the new road was built, Chartie’s journey time to the station is still modelled by 2
‘nommal distribution with mean 25 minutes but the standard deviation. o, has changed. In
the first 20 journeys to the station using this new r0ad, Charlie took longer than 30 minutes
on 3 occasions

() Estimate the value of o
“@
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3 x4yt -3 s6y=1
(@ " 3
ObiainLHS as (x £3)° + (%3 M1
3 Al
Centre s (2, -3).
-3 @
®) N .
Uses (22 =24 (237 -9=1 togive or just
2 %
M1
Al @
‘Special case 53
Uses (5, -3) from (©) to find radius & ~5 Mi
" Al ®
© ‘Way 1: Deduces gradient s infinite (from diagram or from perpendicular to
zero gradient M1
So equation is Al
@
0
Way 2: Implicit differentiati =222 o infinite gradient o.c.
ay2: Iplicit diferentation =555 s0 gradient o.e. | M1
So equation is x= 5 Al ®
(6 marks)
Alternatives | Method 2: Comparing with x* +y* +2gx+2fy+c =0 to write down Ml
centre (~g.~ ) direetly. Condone sign errors for this M mark.
3 Al
Centre s (., -3).
G ®
e 7
@) | Method 2 Using g+ 7 ¢, re3 M1, Al °

Notes
3

5.-3)

773

(b) M1 fora full method leading to r = .., or 7 = with their 9/4 and their 9. Completion of square method errors

result in MO here So need |+~§-+~9~ orjust 17 +-§ (Can mark (a) and (b) together)

44_9 ‘without identification as +* , followed by r ‘4_9 is MOAO

(a) M1 as in scheme and can be implied by (%4 F3). Al:

Al r:% or 3.5 Canbe achieved afler wrong signs for centre. Answer only is MIAL

(c) MIAL as in the scheme (Correct answer implies both marks) Answer of y = -3 is awarded MOAO
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Way 1: Area of trapezium
or may use combination of rectangle and triangle to find trapezium area o may use integration

. . M1
I(Ax +50)dr =207 +50x] = (232)~(128-400) =
Al
504 (may be implied by correet final answer)
Ix’+Rx+lex:{x‘+41’+le M1 AL
Use limits 4 and —8 [(1(4)’ +4(4)" +18x4) —(1(-8)’ +4.(-8)" +18x(-8))] =216)
And uses correct combination of correet arcas. Area of region = Area of trapezium — 4 am1
:5047(% ?) 288 Al
161
Way 2: Aliernative method using “line — curve™ MIAT
Sets up y =4x+50~(x* +8x +18)
Iar’4x+3zdx: %4{\32;( MiAl
Use limits 4 and -8 on this subiracted integration
Obtains 288 aui
Al
161
‘Way 3: Method involving translating curve and line down 66 units and integrafing then
subtracting triangle
1
\ J/ A
(SN
Area of triangle = b/ = 148 x"(4——8)" =288 MiAL
J‘xlﬂhfﬂldx 1x +dx —dsx MIAL
Use limits 4 and —8 and uses correct combination of correct arcas. i
Area of region = Arca above curve - Area of riangle (576 - 288) b
Obiains 288 [s]
Mixture of methods may carn MIAIMIAIMOAO
©

marks)
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Question
Numbor Scheme Marks
- 20-25
4. (a) | [/ = Journey time] P(/<20)= P| Z < {=P(Z< -0833...)} M1
=1-0.79767... M1
=0202328... awrt 020200203 | Al
3)
(b) | (1-0.202328..7) x “0.202328...” x 2 MIML
=0322783... awrt 0.323 Al
3)
(©|PU>m=001 = P[z>”‘ .01:%:2.32&3 :’a‘l'
m=38.95808726... awrt39.0 Al
3)
(d) | More reliable suggests reduction of or smaller standard deviation BI
]
(€) | [X=new journey time so X ~N(25, o*)] P(X>30)=0.15 M1
30-25 ) g36a M1 BI
o
o=awrt 48 Al
“)
[14]
Notes
(@) "M for standardising with 20, 25 and 6. Accept =

(b)

©

Ans only
@
()

Ans only

2% M1 for attempting I — p [Where 0.5 < p < 0.8]. Beware 1 - 0.83 (or their = valuc) is MO
Al forawrt0.202 (use of tables awrt 0.203) (Correct ans only 3/3)

1M1 for p(1 - p) for any probability p
2% M for 2xa probability such that answer is also a probability
Al forawrt 0.323 or 0.324 [NB use of 0.202 will give 0.322 and lose this A mark]

M1 for standardising with m, 25 and 6 and setting equal to a = value || > 2
B  forz=:2.3263 or better (calculator gives 2.326347877...)

Al for awrt 39.0 (allow 39 from fully correct working)

For answer only in [38.9575, 38.9585] score 3/3 for awrt 38.98 score MIBOA1

Bl for suitable comment that standard deviation should be smaller

1% M fora suitable probability statement including the 30 and 0.15, may be implied

2% M for standardising with 30, 25 and c-and setting equal to a = value 1 <[z < 1.5

BI for == 10364 or better (cale. 1.0364338...) If BO for 2.32 or 2.3 in (c) allow awrt 104
Al forawrt 4.8

For answer only of awrt 4.82 allow full marks, awrt 4.8 score MIMIBOAI unless BO for
2.320r2.33 in (c)
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(a) Show that the equation
6cos’ x — sinx — 4 = 0
may be written as

6sin® x + sinx —2 =0

@
(b) Hence solve, for =90° < y < 90°. the equation
6c0s*(2y) — sin(2) —4 = 0

giving your answers to one decimal place where appropriate.
®)
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(i) Find the real value of x such that
log, 600 = 3

Give your answer to 2 decimal placcs.

2]

(ii) Solve the equation

-
log,(3x) + log, [?1) =2

giving the exact answer in the form x = 3%, where k is a rational number.
®)
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Maria is studying the leaming of Spanish in a college. She takes a random sample of
8 students studying Spanish and records their vocabulary, v words, and the number
of years, . that they have been studying Spanish. Figure 1, opposite. shows a sketch of
the scatter diagram for these data.

(a) State. giving a reason, whether or not a lincar regression model might be suitable to
model the relationship between v and y.
[¢Y]
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Maria’s data is summarised as

389400

Iy=£ Tv=u0 s, 2 Twe16475

(&) Calculate the value of the product moment corelation coefficient for these data.
)

(@) State, giving a reason, whether or not this result is consistent with your conclusion in
part @), °

Maria wishes to estimate the vocabulry of a student who has been leaming Spanish for
5 years.
(@ By calculating a suifable regression line, find an estimate for the vocabulary of this
student.
©

@ Give an interpretation of the gradient of your regression lie.
)

‘Frederic, who has studied Spanish for 2 years at the college, was part of this sample. His
ocabulary is 80 words.

(® With reference to this information and the scatter diagram, suggest how Maria's
‘model for the relationship befvween v and y could be improved and sketch a suiable
alternative model

@
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Question
Scheme Marks
7.(a) | 6(1-sin’ x)-sinx-4=0 M1
6sin’x+sinx-2=0% Al*
@
® | 6sin*2y +sin2y-2=0
(2sin2y~1)(3sin2y +2)=0 so sinf= M
(sin2y=)4, (sin2y Al
0° or 150° or ~41.8° or ~1382° soy= Ml
»=15° or 75° or ~20.9° or —69.1° (accept awr) A“‘('S)
171
Notes
(@)
MI: Uses (1-sin’x) (do not need “=0")

and 6sin’ x +sinx -2 = 0 Missing x e.g. (1—sin’) gets MIAQ

Al*: Need everything correct including
(b)

MI:Solves quadratic by any valid method to give values for sin 6 where the variable may be x or y or 2y or any
letter.

1 Al: Need to see ¥ and —2/3 (These two answers imply the previous M mark)

MI: Realises connection to (a) so uses inverse sin then halves (one angle is enough)

Al: Any two correct solutions

Al: Al four solutions correct (Extra solutions in range lose this A mark, but outside range - ignore)
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Number
800 | og,600=3 means x’ =600 M1
x=3/600 =8.43 Al
@
(i) .
Way 1 lo&h+1o5§:|n&% wherek=4or 5 Ml
Uses log,81=2 or 9 =81 MI
So 3x’ =81x81 Al
Sox* =381 v (amustbe power of 3) dmt
x=3" (accept k= 1.4) Al
®
Way2 log, 3+ log, x+4log, x— log, 81=2 M1
Slog, x =log, 81+ log, 81~ log, 3 MI
Slog, x=3.5 Al
loglx—s 50 x = (must be power of 3) am1
x=3" (accept k= 1.4) Al
®
wers log, 3 +log, =1 M1
3 +logy —— =
o ]
Uses log, 81=2 or 9 81 MI
So 3% =81x81 or 3" =3'x30e. Al
Sk+1=8 s0 k= dam1
x=3" (acceptk=14) Al
®)
171 |
Notes

(i) MI: Undoes logarithm correctly
Al: Accept answers which round to 8.43

1f they use trial and improvement then mark awrt 8.43 as MIA1 — any other answer is MOAQ

(ii) M1: Applying the subtraction or addition law of logarithms correctly to make two log terms into one log term
in x (condone power of 4 instead of 5 here)

MI: Uses log, 81 =2 or 9° =81 or 3' =81or 9' =81x81

AL Correct equation 3x° =81x81 or 3% =81x81 or Slog, x=3.5 or Slog,x=7

M1 (Ways 1 and 3) Correct method to move from x" =bto x” =3"so x =(3’)" or move to linear equation in

k This is dependent on having both carlier M marks
or (Way 2) Divides, then undoes log and produces x as a power of 3
Al: Any correct equivalent for  (allow even if calculator used in working)
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Scheme Marks
Number
6. (a) | May be suitable since points lie close to a straight line BI
m
®) 164754232400 | _395) M1
[—
r=
/389 40042 M
~0958184... awrt0.958 | Al
3)
(¢) | Itis consistent since ris close to 1 (0.¢.) Bl
]
(@) | Uselinev=a+by M1
S, _"3875"
b=t = [922619....
s e 1 Ml
ie a [-184375..] M1
—18437..49226..y  ie. a=awrt — 184 and b=awrt 923 Al
Lety=5 M1
v=276.9345... = awnt 277 Al
©)
(e) | Every extra year of study increases vocabulary by about “92” words BIfi
]

®

Model has a poor fit for y =2 (it suggests v = 0)
Suggest a curved model that levels out (or less steep) from 1 ton ( 3 <n<5)
Or two lines of different gradients (<4 and >4)(needs to be sketched)
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~
ymetres

xmetres
xmetres

ymetres

<+—— xmetres ——>

Figure 4
Figure 4 shows a plan view for a flower bed. Its shape is an equilateral triangle of
side x metres with three congruent rectangles attached to the triangle along its sides.
Each rectangle has length x metres and width y metres, as shown in Figure 4.

Given that the fotal area of the flower bed is 3m? and that 0 < x < 2,632 (3d.p.).

(@) show that the perimeter 7 metres, around the outside of the flower bed. is given by
the equation

©)

(b) Use calculus to find the minimum value of P, giving your answer to 3 significant

figures.
®)

() Justify, using calculus, that the value you have found in part (b) is a minimum value.

@
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Asequence a,, a,, a,,... is defined by
a =8
a,, =4a,=c)

where c is a constant.

(a) Find an expression for a, in terms of c.

Given that a, =28

4
(b) find the numerical value of Za,

)

©6)
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The discrete random variable X has the following probability distribution

x 2 4 7 10
PX=x) | a b | o1 ¢

where a, b and ¢ are probabilitics.
The cumulative distribution function of X is F(x) and F(3) = 0.2 and F(6) = 0.8

(a) Find the value of a, the value of b and the value of c.
3

(b) Write down the value of F(7).
(0]




image31.png
Question
Number

10(2)

®)

©

Puts their P’ = 0 and attempts to solve for x*orx

:x:m:‘l@ or 1.68

= P=716... (m)

MI Al

Al

Bl

MI

Al*

©
MI AL

MI

Al

Al

®
Ml

Al @
(13 marks)
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‘Question
Number

Scheme Notes

Marks

=4a,~c), n>1

@

“Allow cquivalent correct expressions.
(a: =)4-c) e.g. 32— 4c and isw once a correct answer is
seen

®)

Uses another iteration correctly with their az in
—c)=28 terms of ¢ and puts equal to 28 to obtain an
equation inc.

4("4(8-

M1

Note that a, = 4("4(8~c)")=28 scores MO here and leads to ¢ = 6.25 and 'y, =130

and scores a maximum of 3/6 in (b) .. MOMIAOMIMIAQ

Uses their a; in terms of ¢ and the 28 and solves
32-50)-28 2
432-50)=28= a linear equation to find ¢

M1

Correct value for ¢ (may be implied by correct

c=s final answer)

Al

Uses a3 = 28 and their ¢ to obtain a value for .
If they attempt as in terms of c first, it must be a
correct application of the iteration formulai.e.
a, = 4(theira, in terms of ¢ —c) followed by

substituting their c.

408

M1

§-0)"

Attempts to find a value for a> using their

answer to (a) and their value for c attempts

84"12"+28+"92" 8+ 28 + their a: + their as where their a; and s
are numeric.

M1

=140 cao

Al

Note that some candidates work entirely in c to get

12 7%(0{]]274{,‘):2

In this case the 3 and 4 method marks can be implied if a numerical value for the sum is found

a,=32-4c, a,=128-20c,a,

;=680 ~108¢(or180 - 8c)

7 marks
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Question

Nomber Scheme Marks
1@ | FO) - POX=2)s04=02 BT
F(6)=P(X=2)+P(X=4)s0a+b=08 sob Bl
Sum of probs = | implies ¢=0.1 | BIft
®)
(b) | F(7)=F(6)+0.1 or a+b+0.1 or 1-c = 09 Bl
()]

[Total 4]
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Find the set of values of x for which

(a) 3-2x<6+4x
@

(b) 3x2+20x-7<0
@

(¢) both 3—2x < 6+4x and 3x>+20x-7 <0
(O]
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Given that y =4 when x = 1 and that
Y_ 12x* pAx+2

dx 3t x#0

find y in terms of x, giving each term in a simplified form.

®)
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The random variable Y has a normal distribution with mean  and standard deviation o
The P(Y > 17) = 0.4

Find

(a) P(u<Y<17)
(0]

(®) P(u—0o<¥<17)
(O]
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5.a) 3-2x<6+4x Reaches px > g orpx < g with onc or both | )
=6x>-3 or 6x<3 of p or g correct
‘Accept alternatives to 0.5 such as
x>-05 oreg —0.5<x 7%....1 isw if necessary. Al
A correct answer implies MIAL
@
(b)
3 +20x-7=0
=S Cx-Dx+7)=0=>x= Attempt to solve by factorising, formula.
or or completion of the square with the usual | M1
20+ /300484 rules (see general guidance)
= 20ENA00+8S
6
x=1 4 Al
3
reach at least this far with the square root
evaluated.
Attempts inside region for their values | M1
1
. Cortectanswer using -7 and - only Al
x>-7 and x<<
1 [ [
Note: 7% <3 scores MIAIMIAD s do (x> 7 or.x < ), (x> T, x< ) (vith
o without the comma)
[0]
© Ti<x<t
or
11 Bl
BN This s corect answer only and canbe | (41 o0
23 ‘marked independently.
or epen)
and x<<
m

(7 marks)
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Question|
Number

Notes

Marks

6.

Integrates the first term to k®

Ml

Allow unsimplified e.g.

Al

Splits the fraction o obtain an expression of

4.8

the form Ax™ + Bx™ or — +— where
¥

Aand B are constants.

Bl

X ox?or xtox

Ml

correct unsimplified or simplified fraction
term)

Al

For a fully correct integration for the
fractional part. Simplification not required.
(A constant of integration not required for
this mark)

Al

Uses x = | andy =4 in an attempt to find
their constant of integration. There must
have been a constant of integration to
access this mark.

Ml

‘All correct and simplified including the

constant so do notallow 2 for 2 or %

for % and do not allow *+ " for *~".

Accept equivalent simplified answers e.g.

2 2.8

year e
a9

The y = .. must appear at some stage if it is

not with the final answer.

Al

8 marks
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3.() [[P(u<Y<17)=] 0.5-04 Bl
()]
) [P(Y>p—0)=P(Z> -1) M
=0.84103) Al
P(u-o<¥<17) =08413-04 am1
04413) |Al
)
ALT [B(V>p —0)=PZ> 1) MI
P(Y>17)=04 :z,[” 125(33471...) soneed P(~ 1 <Z< 025) | dMI
-
Sight of P(~1<Z< 0.253...) 1= Al
=0.441(3) 27 AL
[ Total 5]
Notes
(@) | BI for 0.1 as clearly their final answer or clear statement “P(41< ¥ < 17) = 0.1"
Ignore poor or incorrect notation if answers are correct
(b)| 1M1 foran attempt to standardise 4 — & allow for (H=0) M e un-simplified
-
1AL for 0.841 or better (calc 0.84134473...) or 1-0.8413...=0.1587 (accept 0.159)
Sight of 0.841(3) or 0.1587 or 0.159 (or better) scores M1 Al
May be statement e.g. P(¥> 4 — &) = 0.841(3) or on clearly labelled diagram.
24dMI (dep on 1% MI) fora correct use of their 0.8413 and the given 0.4
or 0.341(3) + their (a)
or 0.6 their 0.1587
24 A1 for 0.41 or better (correct answer only 4/4)
ALT | Standardise 4 — o (and may get == — 1) scores 1* Ml as in scheme

Use inv* normal to get 17=4 20.25(33471...)and write/attempt P( ~ 1 < Z < 025.) 2% M1
r

Write or attempt P(— 1 <Z<0.253...) also scores 1 Al (need 0.253 or better)
NB Just standardising and getting 0.2533 etc is no use unless it is part of a correct

probability statement that would lead to the final answer.
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The line / passes through the points 4 (5, 8) and B(3, 11).

(a) Find

(b) Find

an equation for / in the form ax + by + ¢ = 0, where a, b and ¢ are integers.

the length 4B leaving your answer in surd form.

The point C has coordinates (7, 8) and AC = CB.

(c¢) Find

(d) Find

the value of 1.

the area of triangle ABC.

@

@)

3)

@)
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For 25 years, Chloe gave money to a charity.

She gave £80 in the first year, £100 in the second year, £120 in the third year and so on,
so that the amounts she gave each year form an arithmetic sequence.

(a) Find the amount of money that she gave to the charity in the 17th year.

@

(b) Calculate the total amount that she gave over the 25 years.

@

Jack also gave money to the same charity over the same 25 years.

He gave £16 in the first year and increased the amount he gave each year so that he gave
£(16 + d) in the second year, £(16 + 2d) in the third year and so on. The amounts he gave
each year form an arithmetic sequence with common difference £d.

The total amount that he gave over the 25 years was £4000

(c) Calculate how much he gave to the charity in the 17th year.
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A company sells a variety of bars of chocolate including Pearchoc bars. Tn an attempt to
increase the sales of Pearchoc bars, the company runs a promotion where any Pearchoc
‘wrapper that has the word WINNER printed on the inside wins a prize. The company
‘prints the word WINNER on 5% of Pearchoc bar wrappers.

Pearchoc bass are sold in packets of 12

() Find the probability that in 2 randomly selected packet of Pearchoc bars, the mumber
of wrappers with the word WINNER printed on them will be

@) exactiy one.

(i) more than two.
@

A customer bought 4 packets of Pearchoc bars.

(b) Find the probability that only 1 of the packets contained exactly 1 wrapper with the
‘word WINNER printed on it
e

Before the promotion. 4% of all bars of chocolate sold in a supermarket were Pearchoc
‘bars. After the promotion. the company selects a random sample of 150 sales of bars
of chocolate from the supermarket database and finds that 10 of these sales were
Pearchoc bars.

(9) Using a suitable approximation and stating your hypotheses clearly test whether or
not the company’s promotion has been successful. Use a 5% level of significance.
©
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Figure 1
Figure 1 shows a sketch of part of the curve H with equation
y= 2 +5 x#0
x

(a) Find an equation for the normal to H at the point 4 (=2, —1), giving your answer in
the form ax + by + ¢ = 0., where a, b and ¢ are integers.

®)

The points B and C also lie on the curve H.
The normal to H at the point B and the normal to / at the point C are each parallel to the
straight line with equation 4y = 3x + 5

(b) Find the coordinates of the points B and C, given that the x coordinate of B is positive.

&
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¥
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=¥

9 (3.0)

Figure 2
Figure 2 shows a sketch of the curve with equation y = f(x) where
f@=x3-x¥ x€R

The curve passes through the origin and touches the x-axis at the point (3, 0).
There is a maximum point at (1. 4) and a minimum point at (3. 0).

(a) On separate diagrams, sketch the curve with equation
@ =1,
(i) y=f(x+2).

On each sketch indicate clearly the coordinates of

any points where the curve crosses or touches the x-axis,
o the point where the curve crosses the y-axis,
any maximum or minimum points.

©)

The curve with equation y = f(x) + k. where k is a non-zero constant, has a maximum point
at (a, 0).

(b) Write down the values of @ and k.
@
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The continuous random variable X is uniformly distributed over the interval a < x <
‘where a and f§ are constants.

The mean of X is u and the standard deviation is &
. 3
Given that 1= 204 and P(X < 23)=
(a) find the valuc of a and the value of
(O]

(b) calculate the exact value of P(u — o < X < i+ o)
®

Susic has 30m of fencing. She wishes to form a rectangular enclosure of
perimeter 30m. The length, ¥ metres. of one side of the enclosure is uniformly
distributed between 4m and 12m.

(<) Find the probabiliy that the length of the longer side of the enclosure is more than § m.
®)
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Number

Scheme
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@9
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The coordinates may appear on the sketch, or separatcly in the text. If  point on an axis
‘appears on the sketch it is not necessary to give both coordinates.

So, for example, 6 or (0, 6) on the x - axis would get

credit, but if the answer is given in the

text (6.0) is needed. If there is any ambiguity. the sketch has precedence.

Similar shape translated horizontally.
Ignore any coordinates given.

M

Minimum at (1, 0) and crosses or at
least reaches x-axis at (-2, 0)

Al
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Given that

4x3 — 6x2 —
X7 — 6x 18X+205ax+b+ c [,
x> -4 x-2

find the values of the constants a, b and c.
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The function f is defined by

2x+5

X =

fix

xeRx#2

(a) Find ff(x), giving your answer in its simplest form.

(©)]
The function g is defined by
g:x Inx, xeRx>e?
(b) Solve the equation

fg(a) = g(a) ”
“)
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[In this question i and j are horizontal unit vectors due east and due north respectively.]

Three forces, (pi+2j) N, (3i—¢j) N and (gi +2pj) N, where p and ¢ are constants, act on a
particle of mass 2kg. The forces cause the particle to move with acceleration (i — 3j) ms2.

(a) Find the direction of the acceleration, giving your answer as a bearing to the nearest

degree.
3)

(b) Find the value of p and the value of g.
(&)
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The curve C has equation

and the line / has equation
2y=3x-20=0

Use algebra to show that C and / do not intersect.
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Given that a is a positive constant and

f(x)=‘3x—a xeR

(a) sketch the graph with equation y = f(x), showing the coordinates of the points where
the graph cuts or meets the coordinate axes.

2)
. . . . 1
Given that x = 4 is a solution to the equation ‘3x - a‘ = Ex +2

(b) find the two possible values of a.
(©)]

For one of the values of @, x = 4 is the smaller of the two solutions. For this value of a,

(c) find the value of the larger solution.
2)
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A study is being carried out on two colonies of ants.

The number of ants N, in colony A,  years after the start of the study, is modelled by the
equation

N, =3000 + 600" reR >0
Using the model,

(a) find the time taken, from the start of the study, for the number of ants in colony 4 to
double. Give your answer, in years, to 2 decimal places.

®)

dn,
(b) Show that ~ = pN, +¢, where p and q are constanis to be determined.
[©)]

The number of ants N, in colony B,  years after the start of the study, is modelled by the
equation

N, =2900+Ce"  teR,1>0
where C and k are positive constants.

According to this model, there will be 3100 ants in colony B one year after the start of the
study and 3400 ants in colony B two years after the start of the study.

(¢) (i) Show that k = In(%)

(if) Find the value of C.
(O]
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Figure 1

A girder PQ has length 4m and mass 60kg. A load of mass 30kg is placed on the girder
at Q. The loaded girder is held in equilibrium in a horizontal position by two vertical
ropes. The ropes are attached to the girder at the points P and R, where RQ = x metres, as
shown in Figure 1. The tension in the rope at R is four times the tension in the rope at P.
The girder is modelled as a uniform rod, the ropes as light inextensible strings and the load
as a particle.

Find
(i) the tension in the rope at P,

(ii) the value of x.

(W]
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The binomial series expansion of

2
(1 +axy’ lax] < 1

up to and including the term in x? is
1
1+ —x+ ke
2
where a and k are constants.

(a) Find the value of a.
(b) Find the value of £, giving your answer in its simplest form.

(¢) Hence find the numerical coefficient of x° in the series expansion of

2

(4= 9)(1 +ax) Jax| < 1

@

@

@
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The function f is defined by

2 60

f(x) = 6 ot
2x+5 2x-5 4x2-25

x>4

A
(a) Show that f(x) = ——— where 4, B and C are constants to be found.
Bx+C @

(b) Find f(x) and state its domain.
(&)




image4.png
The 3 events 4, B and C have probabilitics
P()=06 P(B)=08 P(C)=025

The events A and B are independent, the events 4 and C are mutually exclusive
andPUUBUC)=1

(a) Find (i) P(4 N B)
(i) PN C)

@)

(b) Drawa Venn diagram to show the events A, Band C and all the associated probabilit

(c) Find P(B|C")

(d) State, giving a reason, whether or not the events B and C are independent.

@
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Attime 7 = 0, a toy rocket is fired vertically upwards from rest from a point 4 on the ground.
The rocket moves with constant acceleration 2.8 ms=. At time ¢ = 5.25s, the rocket runs
out of fuel and then moves vertically upwards under gravity. At time ¢/ = 7 seconds, the
rocket reaches its greatest height above 4. The rocket is modelled as a particle.

(a) Find the value of 7.
(€))

(b) Without doing any further calculations, sketch a velocity-time graph for the motion of
the rocket from when it was fired to when it returns to 4, showing the value of 7 on
the t-axis.

@
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The value of a car is modelled by the formula
V'=16000e* + 4, t>0,reR

where V'is the value of the car in pounds, 7 is the age of the car in years, and k and 4 are
positive constants.

Given that the value of the car is £17500 when new and £13500 two years later,

(a) find the value of 4,
(0]

(b) show that k = m(l]

N\ @

(c) Find the age of the car, in years, when the value of the car is £6000

Give your answer to 2 decimal places.

“)
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Not to scale

Figure 1

Figure 1 shows a sketch of part of the curve C with equation
y=ex+x-3

The curve C crosses the y-axis at the point 4.

The line / is the normal to C at the point 4.

(a) Find the equation of /, writing your answer in the form y = mx + ¢, where m and ¢ are
constants.
®)

The line / meets C again at the point B, as shown in Figure 1.

(b) Show that the x coordinate of B is a solution of

@
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Figure 1

A particle of mass 2 kg lies on a rough plane. The plane is inclined to the horizontal at 30°.
The coefficient of friction between the particle and the plane is % . The particle is held
in equilibrium by a force of magnitude P newtons. The force makes an angle of 20° with

the horizontal and acts in a vertical plane containing a line of greatest slope of the plane,
as shown in Figure 1. Find the least possible value of P.

(10)
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3.(a)

(b)

(©

(A

Way 1

Use f(1/2) or £(~1/2) and put equal to 30

Stated 2441434 5230 and
8 2

A+4B=114*

Way 1

Used f-1) or (1) = 0

Stated -24+4+3+B=0s0 A+ B=21
Solves to obtain one of 4 or B

Obtains both 4 = -10 and B = 31

Way 2
Long division of f{x) by (2x -1)
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3
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2
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Question

Number Scheme Marks

2. (Parallel to plane): Pcos50+F = 2gcos60 MIA2
(Perp to plane): _ R—Psin50=2gcos30 MI A2
Other possible equations:
(= ):Rcos 60— F cos30 = Pcos 20 MI1 A2

(D): Reos30+ Foos60 = Poos 10+2g MIA2

Fel Bl
‘Attempt to eliminate F and R to give an equation in P only Mi
Solve for P DMI
P=6.7 (2SF) or 6.6 (35F) Al
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Al
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Al
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Not to scale

Figure 2

Figure 2 shows part of the graph with equation y = f(x), where
f)=2[5-x[+3, x>0
Given that the equation f(x) = , where k is a constant, has exactly one root,

(a) state the set of possible values of .
@)

1
(b) Solve the equation £(x) = >x + 10
(O]

The graph with equation y = £(x) s transformed onto the graph with equation y = 4f(x — 1).
The vertex on the graph with equation y = 4f(x — 1) has coordinates (p, q).

(c) State the value of p and the value of .
@)
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f(x) =24 + Ax? = 3x + B
‘where 4 and B are constants.
‘When £(x) is divided by (2x — 1) the remainder is 30

(a) Show that A + 4B = 114

Given also that (x + 1) is a factor of £().

(b) find another cquation in A and B.

(<) Find the value of A and the value of B.

(d) Hence find a quadatic factor of £(x).

@

@

@

@
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[In this question i and j are horizontal unit vectors due east and due north respectively and
position vectors are given relative to a fixed origin O.]

Two ships, P and Q, are moving with constant velocities. The velocity of P is
(3i—2j)kmh~"! and the velocity of Q is (5i + 6j)kmh-"'.

At 9 am, the position vector of P is (i + 4j) km and the position vector of Q is (7i + 8j) km.
(a) (i) Write down the position vector of P at time ¢ hours after 9 am.

(ii) Write down the position vector of Q at time ¢ hours after 9 am.

At time ¢ hours after 9 am, Q_I" =rkm.

(b) Show that r = (=6 — 20)i + (=4 — 80)j
@)

(c) Hence find the distance between the ships when P is south west of Q.
)
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3.(a)

(b)

(©

(A

Way 1
Use f(1/2) or £(~1/2) and put equal to 30

Stated 2441434 5230 and
8 2

A+4B=114*

Way 1

Used f-1) or (1) = 0
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Obtains both 4 = -10 and B = 31

Way 2
Long division of f{x) by (2x -1)
as far as remainder put = 30

Obtains uq“; 30(0.0)
and A+4B=114*

Way2

Long division of f(x) by (x +1)
as far as remainder put = 0
Obtains B—21+4 =0

34x +31) or factor is (24 ~34x +31)

M1
Al*

@
M1
Al

@
M1
Al

@
MIAL

@

(8 marks)





image82.png
6(a)

(i) o =(i+ 44)+(3i- 2j) MI AL
(if)rg = (7i-+ 8j)+(Si+6j) Al ()
®) i+ 4j)+2(3i- 2§)-[(7i+ 8))+2(5i+6j)] Mi
=(~6-20)i+(~4-80)j Given Answer Al @
©
M1
Al
M1
M1
= %ﬁ =9.4 km (or better) Al
(0]

(10)





image83.png
The circle C has cquation

x4y =2+ Mdy=0

Find
() the coordinates of the centre of C.

@
(b) the exact valu of the radius of C.

@
() the y coordinates of the points where the circle C crosses the y-axis.

@

(d) Find an equation of the tangent to C at the point (2. 0). giving your answer in the form
ax + by + ¢ = 0, where a. b and ¢ are integers.

“
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() Find the first 4 terms. in ascending powers of x, of the binomial expansion of
@+ Ry

‘where k is a non-zero constant. Give each term in its simplest form.

@
Given that the coefficient of x* in this expansion is 1890

(b) find the value of k.
@)
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A car is moving with constant speed along a straight horizontal road. Whenever the brakes
are applied they produce a deceleration of Sms=. The driver sees a STOP sign which is at
the point S on the road ahead. Unfortunately due to the time he takes to react, he does not
apply the brakes immediately and the car overshoots the sign. Had he applied the brakes
0.5s sooner the car would have come to rest at S. The car is modelled as a particle.

(a) Show that, at the instant the car passes S, the speed of the car is 2.5ms™".

2

(b) Find how far the car travels past S before coming to rest.

@

At the instant when the driver sees the sign, the speed of the car is 64.8kmh~!. The total
time from the instant when the driver first sees the sign to the instant when the car comes
to rest is 4.2 seconds.

(c) Find the total distance travelled by the car, from the instant when the driver first sees
the sign to the instant when the car reaches the sign.

(Y]
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7)

Gradient of tangent is
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So equation is y—0
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