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Substituten =n and =4 into the formula” Cr

n!
(n—4)14!

Substituten = (7 + 1) and =5 into the formula”C_

(n+l)!
((m+1)=35)15!

Substitute into the given equation.

as n! _ (n+1)(n+1)!
X Gi=a)4 - (n+1)-5)5!
6 I
L]
Simplify.
45n! _ (m+1)n+1)!
24(n—-4)! ~  120(n-4)!
Multiply both sides by 24(n —4)!
) 24(n+1)(n+1)!(n—4)!
45n! =
120(n —4)!
Cancel (7 —4)! fromtop and bottom.
24(n+ 1)(n+1)!
45=
120n!
(n+1)! o
o ont 1, simplify.
_ (n+1)2
45=—
Rearrange to achieve a quadratic equation.
n2+2n-224=0
(1]
2
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Factorise.
(n+16)(n—-14)=0
[1]
Solve.
n=-—16andn=14
n cannot be negative.
n=14[1]

2a
i) To get from termto term, divide by —2 which is the same as multiplying by — % .Sothisisa

geometric series with

| —

a=4, r=-—

Use the formula u =am- 1 with 7 =20 to work out the 20th term.

1\20-1
1120=4x —E

(1]

1

“0= " 131072

ii) The sum to infinity exists if the modulus of the commonratiois less than1,i.e. || <1

|7] < 1 so the sum to infinity does exist[1]

Use the sumto infinity formula, S__ =
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2b

i) Use the informationin the question to make 2 equations.
For the first equation, use "the tenth term ... is 15 times the second term".

=15
1 l-><112

Use u =a+ (n — 1)d forthe tenth and second terms and set equal to each other.

a+(10-1)d=15x(a+(2-1)d)
a+9d=15(a+d)

(1]

a+9d=15a+ 15d

14a= - 6d
=1

1
For the second equation use "the sum of the first 6 terms ... is 87"."S = SnQa+(n—1)d)"

S =—x62a+5d)=87

6

| =

(1]

3(2a+5d)=87
2a+5d=29

Solve the two equations simultaneously.

[

d=T7[1]
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3
ii)From(i),d=7anda= — 7(1. Finda.

(1]
Usetheformulau =a+ (n— 1)d to set the nth term equal to 6990.
6990= -3+(n—-1)7

(1

6993=Tn-7
7000="7n
n=1000 [1]
3
i) There are 8 digits to choose from, and we need a 5 digit number.
8!
8p =
g (8=5)!
=8XTX6X5X4
[1]
6720 [1]

ii) For the numberto be greaterthan 60000, the first digit can be either 6,7 or 8.

For the first digit, we have three options. For the other digits, there are seven options, of which
we want four.

7
3X P4

[1]

2520 [1]
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4a
This is a geometric progression with first term.
a=3
Work out the common ratio by dividing the second term by the first.

2.4

g

7=0.8

(1

a(l =)

Use the sum of a geometric progression formula, S_I = —1=r

, to calculate the sum of the

first 8 terms.

3(1-0.88
o _30-0s9)
8 1-0.8

(1

S, = 12.48 1]

12.5isaccepted

4b

From part (a) we know thata=3, r=0.8.

a

Substitute these values into the sum to infinity formula, S_ = —— =

15[1]
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4c
Calculate 95% of the sum to infinity using the result from part (b).

0.95X15=14.25

a(l =)

Setup aninequality using the sum of the first » terms, S,I = g

a(1—=n)
—>14.25
l1=r
Substitute the values a=3, r=0.8 from part (a).

3(1-0.87) <
=03 >14.25
(1

Simplify the denominator.

3(1-0.87)

02 > 14.25

Multiply both sides by 0.2.
3(1-0.87)>2.85
Divide both sides by 3.
1-0.87>0.95
Add 0.8” to both sides and subtract 0.95.
0.05>0.87
(1]
Take logarithms of both sides.

log10(0.05) >log, 0(o.sn)

Divide both sides by loglo(O.S). This is a negative value so reverse the inequality sign.

loglo(0.0S)
—_—<n
loglO(O.S)

(1
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Calculate.
n>13.425...
n isaninteger so write down the smallest integer thatis greaterthan13.425...

n=141]

Using the formula for the binomial expansion, finding the first three terms gives

¢ Jaon +

o i

)03 (b.\‘)z)(l + x)

(]
Simplifying gives
(a® + 5a*bx + 10a3 b2x2)(1 + x)

(]

Expanding the brackets

a® + 5a*bx +10a3b2x2 + a’x + S5a*bx? + 10a3b2x3

multiplying out brackets [1]
allterms correct[1]

Comparingto 32 — 208x + cx2 by comparing the constants we have

a’> = 32
a =21[1]
Equating the coefficients of x we have
5a*b + a®> = —208
Substitutingina = 2
806 + 32 = —208
806 = =240
b = -3[1]
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Equating the coefficients of x2 we have

10a3b2 + 5a*bh = ¢

Substitutingina = 2 andb = -3 we have
720 =240 = ¢
c = 480 [1]
6
i) There are 6 digits to choose from, and we need a 5 digit number.
6!
|
Ps=Te-s)
=6X5%X4%X3X%X2
720 [1]
2
i) 3 of the digits are odd.
2
o) —
720 X 3
480 [1]

iii) Forthe number to be greater than 60000 and odd, the first digit can be either 6, 8 or 9 and
the last digit must be odd.

If the first digitis eithera 6 oran 8, there are 4 options for the last digit (1,3,5,9).

4x(4x3x2)
=96
This is the case when the first digitis 6 orwhenitis 8 (2 possibilities).

96X%2

=192 numbers

[1]
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If the first digitis a 9, there are only 3 options for the last digit (1, 3, 5) because the 9 has
already beenused.

3x(4x3x%x2)
=72 numbers
(1]

If the first digitis 6,8 or 9

264 [1]

7a

Usingu =a+ (n — 1)d write equations for the 7th and 10th terms of the arithmetic progression.

a+6d=158
a+9d=149
(1]
Solve the equations simultaneously.
at+9d=149
- a+6d=158
3d= -9
d=—-3]1]
Substitute into one of the original equations.
a+(6)(-3)=158
a=176[1]

10
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7b
Substitute the values found in part @ into the formula to sum an arithmetic series.

S = %[2(176) +(n=1)(-3)]

-~

7
S =—[352-3n+3]

n 2
n
S = 3[333 -3n]

(1

The sum of the progression needs to be negative.

n
—[355-3n]<0

Solve - be careful, it's a quadratic inequality, so use a calculator or sketch the graph.

n<0andn>118.333...
(1

The value of » cannot be negative, son > 118.333... n hasto be aninteger
n=119 [1]

8a
n
The sum of an arithmetic progressionis 3. g [2a+ (n = 1)d]. Write an expression for the sum
of the first four terms.
P 4 2
S5,= 5[_a+(4— 1)d]
(1]

2[2a+3d]=38
2a+3d=19

]

Similarly, write an expression for the sum of the first eight terms.

| oo

Sg=>[2a+(8-1)d]
Sy 4[2a+7d]
11
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We are told that the first four terms sum to 38, and the next four sum to 86. Therefore, the sum
of the first 8 terms is the sum of 38 and 86.

4[2a+7d]=38+86
(1
Expand and simplify.
2a+7d=31
Solve the equations simultaneously.

2a+7d=31
- 2a+3d=19
4d=12

d=3

(1

Substitute d = 3 into one of the original equations and solve fora.

2a+7(3) =31
2a=31-21
a=>5

a=5and d=31]1]

8b

Using the nth term formula for a geometric progression, u =an- 1 the secondtermis

a?=12
[
The sixthtermis
a3=—96

[

Solve the equations simultaneously - rearrange the first and substitute into the second.

12
— (%)= -96
1

12
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Solve forr.
1213=-96
3=-8
r=-=2

Substitute into either of the original equations to find a.

a(=2)2=12
a=3
a(l-r)
The sum of a geometric progressionis Sn = =
_S{1i={-2))
10° 1-(-2)
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13
info@pointsedulab.com




POINTS EDULAB

Forthere to be atleast three women, there could either be two women and one man, or three
women.

Towork out the number of different teams that have two women and one man:

e
CIXDCQ

Towork out the number of different teams that have three women:

DC3

Add together to work out the number of teams that have two women and one man or three
women.

§ - .
C,X°C,+°C,
[1]
50 [1]
10a
Substitute » =20 into the formula u =a +(n-1)d
u, =a+(20-1)d
=a+19d
n
Substituten =25 into the formula S _ = —[2a+(n-1)d]
25
Sy = 7[2a+ (25-1)d]
25
=—-(2a+24d)
Substitute the two expressions above into the 10% relationship from the question,
Uy = O.lS35
25
a+19d=0.1x —-(2a+24d)
[MI]
14
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Make a (or d) the subject

a+ 19d=—2a+24d)

Vi

Hlw

a+19d=—(a+ 12d)

| W

2(a+19d) =5(a+ 12d)
2a+38d=5a+ 60d

-3a=22d
22
a= - Td

[AT]

Find an expression for the sum of the 20" and the 21 term using . =a+ (n=1)d

(a+ 19d) + (a+ 20d)
Set thisequalto73
(a+19d) +(a+20d) =73
[M1]
22
Simplify the equation above then substituteina = — 3 dtofindd

[A1]
Substitutea= —22andd =3 intou =a+ (n = 1)d where n =8 to find the 8t term
-22+(8-1)x3

The 8" termis — 1
[AT]

15
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10b

a
Use the formula g forman equationina and 7 (equation1)

1 I

(B1]

a(l =) 127
—— wheren=7and S_=
1=-r 7 2

a(1-r7) 127 @
1-r = 2

Use the formula = to form another equationina and»

(equation 2)

(B1]

Make a the subject of equation 1and substitute it into equation 2

64(1=r)(1=77) 127

o

1=r

64(L~<7)(1-17) _ 127

o

1<7 2
12:7.
64(1—1'7)=T
(M1]
Solve forr
127
. .
1=r"=138
127
. =77
128
1
.5
128 '
1
 —
128 '
_ 1
=2

[AT]

16
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Useu =a™~!toformaratio betweenthe 4™ and 7t terms
ar3:ar®

[M1]

p—

Cancel the @ and 3 from both sides and substitute in» =

j

2

p—
w

| —

. 1
8

Write thisin the form m : 1 by multiplying both sides by 8
8:1

[A1]
11a
(i)
Method 1
There are 7 possibilities for the first digit (3, 4,5, 6,7,8 or 9)
There are 6 possible choices left for the second digit
There are 5 possible choices left for the third digit
There are 4 possible choices left for the fourth digit
TX6X5%4
840
(B1]
Method 2

Choose 4 digits out of a possible 7 different digits (3, 4, 5, 6, 7, 8 or 9) with no repeats and
where order does matter (i.e. use permutations, not combinations)

7! 7!

P =
P, (7-4) 3!

840

[B1]

17
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(i)

Method1

Numbers less than 9000 has a first digit that is less than 9

So there are 6 possible choices for the first digit (3, 4, 5, 6,7 or 8)
The 9 is allowed in the remaining digits

So there are 6 possible choices left for the second digit (out of 3, 4, 5, 6,7, 8 and 9 but with one
choice taken away for the first digit)

There are 5 possible choices left for the third digit
There are 4 possible choices left for the fourth digit
6X6X5X%X4
[(M1]
720
[AT]
Method 2

The same first digit as Method 1, then using 6P3 to select the next 3 digits out of the remaining

6digits (3,4, 5, 6,7,8 and 9 but with one choice taken away for the first digit)

6
6 X °P,

Mm1]

720

18
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11b

Orderdoes not matterin this question (i.e. use combinations, not permutations)
(i)
An equal number of each type means 2 horrors, 2 romances and 2 travel books

Out of 5 horror books select 2

5C
Out of 6romance books select 2
6C,
Out of 4 travel books select 2
4C’
Multiply the combinations together
S ~ 6 ~ A
'\"? s v\") e 'L‘7

(M1]
900

[AT]

(ii)
Method1
Splitinto separate cases then add the separate cases together
Case 1: select 4 horror books out of 5, then 1romance book out of 6, then1travel book out of 4
5C4 . 6C1 . 4C1
[(MI]

Case 2: select 4 horror books out of 5, then O romance book out of 6, then 2 travel books out
of4

5 6 4
C4x Cox C2

[(M1]

19
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Add these separate cases together

=5C,X6C, x4C, +35C,x6C x4C,

=120+30
150
[A1]
Method 2
Out of 5 horrorbooks select 4

5C

Then combine the romance and travel books into 6 + 4 =10 books and select the remaining 2
books from these

10C

But you don't want any of the cases with '2romance + O travel' so subtractthese combinations
10c —-6C_x4C
2 2 0
[(M1]
Multiply this by the selection of 4 horror books
S 10Cc -6 4
>C4( C, =% Co)
150

[AT]

20
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12

n n
Use the binomial theorem (a+ 5)" = a” + ( : )a” “1p 4+ ( N )(r” “2p24 ..+ b7

= = it 5
(B-ax)’=35+ ( : )34(—(1\') + ( . )33(—a\')2 +...
(3—ax)’=243-405ax +270a%x2 + ...
I mark for second and third term [2]
Set the first 3 terms equal to the expression given in the question:

b—8lx+cx2=243-405ax +270a%x2

Equate coefficients:

(1]

|
| -

(1]

133
Using the general equation for the nth term, u =a+ (n—1)d wherea is the first term and d is

the common difference, we will form two simultaneous equationsina and d. We can write the

5thtermas
ug =a+(5-1)d

115=a+4d

andthe 16thtermas
1116=a+(16— 1)d
U . =a+15d

21
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K
The question states "the 5th termis equal to 3 of the 16thterm"” so

1
a+4d=§(a+15d)
(1

Simplify.

1
a+4d= §a+5d

2
§a=d

Use the information that "the sum of the 5th term and the 16th termis equal to 33".
(a+4d)+(a+15d) =33
(1]
Simplify.

2a+19d=133

~

Substituted = %a into this equation.

2
2a+ 19(3(1) =33

Solve fora.
44 23
3
99
9= 44
Simplify.
_®
e
(1
2
Substitutea=—into —a=d.

4 3

22
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Simplify.

)

We haven't finished! The question asks for the sum of the first 10 terms.

n
Usetheformulas = =(2a+(n-1)d).

(1

Evaluate.

S 10=90 (1]

13b

If a is the first term and 1 is the common difference then the sum of the first two terms being 16
canbe expressed as

a+ar=16

(1

a
Using S__ = = , the sum to infinity is 25.

Q

Il
3%
i

(1

23
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We canisolate a in both the above equations. Starting with @ + @ = 16, factorise the left hand
side.

a(l +7r)=16
Divideby 1 +7.

16
1+r

a=

a
Turning our attention to P 25, multiply by the denominator.

N
—~
—
|

@
A

a=2

Now equate both the above.

i =25(1-7)
Multiply by 1 + 7.

16=25(1=7)(1+7)
[

Solve.

16
rr =(1-7)(147)

16
E—l—ﬁ
9
r-—g
3
r=t—
5
1
3 _ 16 _ _8_ 5_7 .
1—5,(7— 3—16.5—16X8—_X_
14+—
D
a=101]
_ 3 _ 16 _ 2_ 5_ )
1——5,(7— 3—16 5—16><2—8x3
)
D
a=40[1]

24
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Find an expression for the coefficient of the v term of the expansion.

n!

mx(l)nqx(%r

This can be written as

n(n=1)(n=2)n-3)x(mn-4) X (1 )4

4% (n—4)! 2

Simplify.

n(n=1)(n=2)(n-3) y ( 1 )4

1xX2x3x%x4 2
[1]
14
Similarly, find an expression for the x5 coefficient of the term of the expansion.
nn=1mn=-2)n=-3)n-4)(n-5) 16
IX2X3X4X5%6 *(2
[1]
We are told that the coefficient of x4 is half the coefficient of x6, therefore:
n(n - 1)(11 - 2)(11 - 3) _ 1 n(n - 1)(71 - 2)(17 - 3)(11 —4)(17 - 5)
24% 16 =g 720% 64
[1]
Simplify.
2X 720X 64 3 n(n -1)m=-2)m=-3)m—-4)n-5)
24%x16 n(n— l)(n—Z)(n—3)
720
—_= (n -4)(n-5)
3
240=(n—-4)(n-5)
[1]
25
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Expand the brackets, rearrange and solve.

n2=9n+20=240
n2=91-220=0

(n=20)(n+11)=0

n=20orn=-11
The question asks for the positive value.
n=20[1]
15
i) Use binomial expansion to obtain the first three terms
(143x)5=164+°C x 15X (3x)1+°C, X 14X (3x)2 + ...
anunsimplified correct substitution or any two correct final terms from the answer below [1]
Simplify
=14+6X3x+ 15%x9x2
1+ 18x + 135x2 1]

ii) The expansion of (@ +x)2 is a? + 2ax + x2. Multiply the first three terms of (1 + 3x)8 foundin (i)
by a2+ 2ax +x2,up to termsinx?2 (you don't need to multiply terms that will result with x> or
higher)

(1+18x +135x2+ ... )(a? +2ax +x2)
=(a2)(1) + (a2)(18x) + (a2)(135x2) + ... + (2ax)(1) + (2ax)(18x) + ...+ (x2)(1) +...

(The line above isreally just shown for demonstration purposes. Inreality we'd probably go
straight to the line below)

(14 18y +135x2+ .. )(@2+2ax +x2)=a2 + 18a2x + 135a2x2+ ... +2ax +36ax2+...+x2+ ...
We can equate this to 4 + 68x + bx?2
a2+ 18a2x + 135a2x2+ ... +2ax +36ax2+ ... +x2+... = 44 68x +bx2

" 2u

The only constant term on the left hand side is "a-" therefore equating the constants gives

26
+918591171615 https://pointsedulab.com/ info@pointsedulab.com




POINTS EDULAB

(1]
Only one of these can be correct. Examining the termsinx:

a= =2, 18a*x +2ax = 18(=2)%x +2(=2)x = 68x
a=2, 18a%x+2ax = 18(2)2x+2(2)x =76x

But we know that the terminx is 68x thereforea #2 and

a=-—2][1]

Now substitute = — 2 into the termsinx?
135(=2)2x2 +36(=2)x2 + x2=bx2
540x2—=72x24x = b2
469x2 = px2
Therefore
b =469 [1]

16a
i) Imagine picking the first photograph. It must be of a sunset so there are 3 ways this can

happen

3 Koz

Ignore the middle 10 photographs for now; the last photograph must be of an ocean so there
are 4 ways this can happen

306X

The middle 10 photographs are made up of the remaining 10 photographs. So there are 10
photographs for the first of these to be chosen from, 9 remaining for the next one to be
chosen from, 8 remaining for the next one, and so on

3X10!x4
(1

43545 600(1]

27
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i) First consider the five mountain photographs that can be placed next to each other. This can
happenin 5! ways

Sz

Think of the 5 mountain photographs as one 'block’ of photographs. They could be placedin 8
different ways in between the 7 remaining photographs. The arrows diagram below illustrates
the possible placements of the mountain 'block’ around the 7 other photographs

1 2 3 4 5 6 4

{ DR A R A A MR

SIX8 Koz

Ignoring where between them the block of mountain photographs are placed, the 7 remaining
photographs can be arranged in 7! ways

51x8x7!
(1]
4838400(1]

16b

i) If no sunset photographs are included, only the 4 ocean photographs and 5 mountain
photographs are to be chosen from, so 9 in total. And as it doesn't matter whether they are
ocean or mountain, we're just choosing 3 photographs from 9. Hence

9c3
U]
Evaluating this gives

841]

28
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ii) One photographis to be chosen from the 3 sunsets, so there are 3 ways to do this. Foreach
of these 3ways, there are 4 ways to choose an ocean photograph giving

3Ix4

And for each of these 12 ways of choosing 1sunset and one ocean, there are another 5 ways to
choose one from the mountain photographs. So the answer can be calculated by

3x4x5
[1] note that this is the same as 3C; x 4C; x °C;
Evaluate
60[1]
17
i) There are 6 digits and 5 spaces and order does not matter
6P5
or
6X5X4xX3%X2
720(1]
ii) Find how many numbers are divisible by 5

Sincewe haveno O, itis justnumbersthatendin5

Sowe now have 5 choices for the first digit, 4 for the second, 3 for the third, 2 for the fourth
and only 1forthe fifth (asithasto be a 5)

5X4X3%X2X1=120

(or5P4=120)

Subtract the numbers that are divisible by 5 from part i)

720—-120=600

600[1]

29
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iii) Numbers that are even willend in 2 or 8 (from the numbers we are given)
Numbers that are greater than 30,000 will start witha 3,5,7 or 8

plan foradding numbers ending in 2 and numbers ending in 8 [1]

Casel:endsin2,startsin3,5,70r8

There are 4 choices for the first digit, 1 choice for the last digit, 4 choices left for the second
digit, 3 choices for the third digit and 2 choices for the fourth digit

4X4X3X2X1=96

—
[

Case2:endsin 8, startsin3,5,0r7

There are 3 choices for the first digit, 1 choice for the last digit, 4 choices left for the second
digit, 3 choices for the third digit and 2 choices for the fourth digit

3X4X3X2X1=72

(1
Work out the total

96+ 72=168

168 [1]
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LoxY (1 )
use of Binomial expansion to find a term in either (—2——J |,
3x 2) |34 2
1 x 9 11 9or (2—3x3)9 (M1)(A1)
3 2) 737 2

Note: Award M1 for a product of three terms including a binomial coefficient and
powers of the two terms, and A7 for a correct expression of a term in the expansion.

finding the powers required to be 2 and 7 (M1)(A1)

2 7
constant term is °C, x(%) x[—%) (M1)

Note: Ignore all x’s in student’s expression.

therefore term independent of x is —3% (=-0.03125) A1
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(a) 2x7+x-3=Qx+3)(x-1)

Note: Accept 2(x+ %j(x—l).

Note: Either of these may be seen in (b) and if so AZ should be awarded.

(b) EITHER
Q2x%+x-3¥ =2x+3)*(x-1°
=(3*+83)(20) +..)((-1)° +8(-1) (x) +...)

coefficient of x=3°x8x(-1)" +3” x8x2x(-1)°
=-17 496

Note: Under ft, final AZ can only be achieved for an integer answer.

OR
(25 + x=3) =(3—(x-2x))
=3"+8(-(x—2x")(3)+...)

coefficient of x=8x(-1)x3’
=-17 496
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