Subject - Math(Standard Level)
Topic - Algebra
Year -Nov2011-Nov 2019

Question -1

2 n
attempt to expand (1 +§xj

e.g. Pascal’s triangle, (1+§xj :1+§nx+...

2 n
correct first two terms of (1 +§x) (seen anywhere)
eg 1+ 2 nx
g 3

correct first two terms of quadratic (seen anywhere)
eg 9,6mx; (9+6nx+n’x")

correct calculation for the x-term

eg. %nxx9+6nx; 6n+6n, 12n

correct equation
eg 6n+6n=84, 12nx==84x

n=7

(M1)

(A1)

(A1)

A2

Al

Al

N1
[7 marks]



Question -2

(a) evidence of correct formula

eg loga—logb:log% ,10g[?}, log8+1log5—log5

Note: Ignore missing or incorrect base.

correct working
eg log,8,2° =8

log,40—log,5=3
(b)  attempt to write 8 as a power of 2 (seen anywhere)
eg (23)10_%25’ 23 :8, 2a

multiplying powers
eg 27 alog,5

correct working
g i
eg 2105212, A logl 53 X (210523)

gle’ =125

(M1)

(A1)

Al

(M1)

M1)

(A1)

Al

N2
[3 marks]

N3
[4 marks]



Question -3

(a) METHOD 1

(®)

(©

evidence of correct formula
eg logu" =nlogu , 2log, p

log, (p*) =12

METHOD 2
valid method using p = 3°

eg log,(3°). log3", 12log, 3

log; (p*) =12

METHOD 1

evidence of correct formula

eg log[ﬁ]:logplogq._ 6-7
q

log, [3] =-1
q

METHOD 2

valid method using p =3° and g =3’
26
2 -1 -

eg logs(q—T]. log3™. —log, 3
3

log, [ﬁ] =-1

q
METHOD 1

evidence of correct formula

eg  log,uv=log,u+log,v. log9+logp

log,9=2 (may be seen in expression)
eg  2+logp

log, (9p) =8

METHOD 2
valid method using p = 3°

eg  log, (9x3%), log, (3’ x3°)

correct working
eg  log,9+log, 3, log, 3*

log, (9p) =8

(M1)
Al N2
(MI)
Al N2
[2 marks]
(MI)
Al N2
(MI)
Al N2
[2 marks]
(M1)
Al
Al N2
(MI)
Al
Al N2
[3 marks]

Total [7 marks]



Question -4




(a () correct expression for r
" = 6 m+4
E m—1" 6

(ii) correct equation
6 m+4 6 m-1

e ’ =
m—1 6 m+4 6

correct working
eg  (m+4)(m-1)=36

correct working
eg m?—m+4m—4=36, m*+3m—-4=36

m’+3m—40=0

(b) (1) wvalid attempt fo solve

—3+V9+4x40

eg  (m+8)(m—-35)=0, m= 5

m=—8, m=35

(ii)) attempt to substitute any value of = to find r
6 5+4

e — B
g 8- 6

3
r=—,r=—
2

(YRS

() (1) r= —% (may be seen in justification)
valid reason

eg |r|<1,—1<_?2<1

Notes: Award R for |r|<1 only if 47 awarded.

finding the first term of the sequence which has || <1

eg -8-1, 6+_3—2

u;=—9 (may be seen in formula)

. 5 A = U
correct substitution of #, and their » into —— as long as|r| <1
i

-9 -9

= T3V 3
3

Question -5

Al N1
Al
(41)
Al
AG NO
[4 marks]
(M1I)
AlAl N3
(M1)
AlAl N3
[6 marks]
Al
R1 NO
(A1)
(41)
Al
Al N3
[6 marks]
Total [16 marks]



(a)

(b)

(c)

attempt to find d
16—10

d=3

correct approach
eg 10=u+2%3,10-3-3

S

correct substitution into sum or term formula

eg %(2x4+19><3), 1, =4+19x3

correct simplification
eg 8457, 4+61

S, =650

Question -6

(a)

(b)

() log,27=3
. 1
(i1) logsgz -1

1
(1) log, 4 ==

correct equation with their three values

3 1
eg Ezlogjx, 3+(—l)—5=log4x

correct working involving powers
3

eg x=42_ 4

]

oW

- 4log‘,x

Question -7

. 10-2d=16-4d,2d=6,d=6

(M1)

Al N2
[2 marks]

(A1)

Al N2
[2 marks]

(A1)

(41)

Al N2
[3 marks]

Total [7 marks]

Al N1

Al NI

Al NI
[3 marks]

(A1)

(41)

Al N2
[3 marks]

Total [6 marks]



(a)

(b)

valid method
eg  u,=8,-8,1+k+u,=5+3k

u, =442k, u,=7+4k,u,=10+8k

correct AP or GP
eg  finding common difference is 3, common ratio is 2

valid approach using arithmetic and geometric formulas
eg  1+3(n-1) and "'k

u=3n-2+2"%k

Note: Award A1 for 3n—2, Al for 2" 'k .

Question -8

(@)

(b)

(©)

correct approach
eg d=u,—u,5-2

d=3

correct approach
eg  u;=2+7x3, listing terms

u,=23

correct approach

eg  S,= %(2 +23), listing terms, %(2(2)+ 7(3))

S, =100

Question -9

(M1)

AlIAIAL N4

[4 marks]

(A1)

M1)

AIA1 N4

[4 marks]

Total [8 marks]

(A1)
Al N2
[2 marks]

(A1)
Al N2
[2 marks]

(A1)

Al N2
[2 marks]

Total [6 marks]



(@)

(b)

correct application of Ina”=hlna (seen anywhere)
eg In4=2In2,3In2=In2’, 3log2=1log8

correct working
eg¢  3In2-2In2,In8-In4

In2 (accept k=2)

METHOD 1

attempt to substitute their answer into the equation
eg In2=-Inx

correct application of a log rule
eg lnl, lnézhlx, In2+Inx=In2x (=0)
%

METHOD 2
attempt to rearrange equation, with 31n2 written asIn2’ or In8
eg Inx=In4-In2°, m8+Inx=mn4, n2’=n4-Inx

correct working applying InaxInb

eg i 8x =4, 11123=1ni
8 x

Question -10

(a)

m=3, n=4

a b ab
attempt to apply (2 ) =2
eg 6x+3, 42x-3)

equating their powers of 2 (seen anywhere)
eg 3(Q2x+1)=8x-12

correct working
eg 8x—-12=6x+3, 2x=15

15
=g 5}

Question -11

(A1)
(41)
Al N2
[3 marks]
(M1)
(A1)
Al N2
(M1)
(A1)
Al N2
[3 marks]
Total [6 marks]
A1A1 N2
[2 marks]
(M1)
M1
A1
A1 N2
[4 marks]
Total [6 marks]



evidence of valid binomial expansion with binomial coefficients (M1)
n n 5 n . _

eg ( ](3x)"(1)"’ , (3x)" +n(3x)”‘+(2J(3x)”~ 2o { ](1)" " (3x)y
r r

attempt to identify correct term (M1)
n 2
eg , B, n—r=2
n—2

setting correct coefficient or term equal to 1357 (may be seen later) A1
n 9 -1
eg 9(2]=135n, %f — 135nx?

correct working for binomial coefficient (using ,C, formula) (A1)
n(n-1)(n-2)(n-3)... n(n-1)
2xIx(m=2)(n-3)(n-4)... 2
EITHER
evidence of correct working (with linear equation in »n) (A1)
@D g5 I ) o 1o
2
correct simplification (A1)
135%2 -1
i w0,
9 2
n=31 A1 N2
OR
evidence of correct working (with quadratic equation in n) (A1)

eg  9n*-279n=0, ©*—n=30n, (9n* —9n)x* = 270nx*

evidence of solving (A1)
eg 9n(m-3D=0, 99" =279

n=31 A1 N2
[7 marks]

Question -12



3rd, 4th and 5th marks. These are
equating bases eg recognising 9 is 32

log rules:Inbd+1ne =1n(bc), lnb—lnc—ln[é }

c

exponent rule: Ind" =nlnb.

Note: There are many approaches to this question, and the steps may be done in any
order. There are 3 relationships they may need to apply at some stage, for the

correct substitution into z,, formula
eg Ina+(13-1)n3

set up equation for u,, in any form (seen anywhere)
eg Ina+12n3=8In9

correct application of relationships (examples below)

a—281

Examples of application of relationships
Example 1

correct application of exponent rule for logs
eg Ina+In3” =1n9%"

correct application of addition rule for logs
eg ln(a3u) =In9%®

substituting for 9 or 3 in In expression in equation
eg ln(a3n) =1n3"°, ]11(396) =In9%°

Example 2

recognising 9 = 3°

eg Ina+12In3=8In3*, 1na+121n9%:81n9

one correct application of exponent rule for logs relating In9 to In3
eg Ina+12In3=16In3, Ina+6In9=8In9

another correct application of exponent rule for logs
eg Iha=mn3* Ina=mn9*

Question -13

(A1)

(m1)

(A1)(A1)(AT)

A1

(A1)

(A1)

(A1)

(A1)

(A1)

(A1)

N3
[6 marks]



correct approach
eg In5-In3

o5

recognizing factors of 45 (may be seen in log expansion)
eg In(9x5), 3x3x5, log3*xlog5

correct application of log(ab) =loga+logh
eg I9+In5, n3+In3+In5, n3’+Ins

correct working
eg 2In3+In5, x+x+y

In45=2x+y

Question -14

1o v orrrar gy

(A1)
A1 N2
[2 marks]
(M1)
(A1)
(A1)
A1 N3
[4 marks]
Total [6 marks]



METHOD 1

valid approach

6
eg r=——, (x-3)xr=6, (x—3)r*=x+2
x-3
correct equation in terms of x only
6 c+2
eg — =212 (x-3)(x+2)=6, 36=x'—x—6
x=3 6

correct working
eg x*—x—42, x’—x=42

valid attempt to solve their quadratic equation
eg factorizing, formula, completing the square

evidence of correct working

1£4/169
2

eg  (x-7(x+6),

x=7, x=-6

METHOD 2 (finding r first)

valid approach

eg r= ,6r=x+2, (x=3)r’=x+2

x-3
correct equation in terms of » only

6
e —+3=6r-2,6+3r=6r"=2r, 61> =5r—6=0
r

evidence of correct working

ag  (3r+2)(2r—3) R0 EY “2152”44
23

F=——,Fr=—
37 2

substituting their values of r to find x

eg (A—%)[%J =0, x=6(%J—2

x=7, x=-6

(m1)

At

(A1)

(m1)

(A1)

A1

(m1)

A1

(A1)

A1

(m1)

A1

N4

N4



Question -15

(a)

(b)

(d)

evidence of dividing terms (in any order)
u, 2log,x
u, " log,x

1
r:—.
2

correct substitution
2log, x
i 2
2
correct working
2log, x
1

2
S, =4log, x

evidence of subtracting two terms (in any order)

N
eg u,-u,,log,x-log,—
5 N "2

correct application of the properties of logs
-

eg log, 2 .log:(%x%J.(logl,\'—logJZ)—log:.\'

x

correct working

eg log, % —log, 2

d=-1

(M1)
A1 N2
[2 marks]
(A1)
A1
AG NO
[2 marks]
(M1)
(A1)
(A1)
A1

[4 marks]

correct substitution into the formula for the sum of an arithmetic sequence (A1)

eg %(ﬂrz}g3 x+(12-1)(-1))

correct working

eg 6(210gix—11),%(210g3 x=11)

12log, x—66

A1

AG

[2 marks]



(e)

correct equation (A1)

eg 12log,x—66=2log, x

correct working (A1)

12
eg 10log, x =66, log, x=6.6, 2*=x", log, {‘—} =66
=

x=2% (accepl p= %) A1 N2
[3 marks]
[Total 13 marks]

Question -16

(a)

correct use log x" =nlogx A1
eg l6lnx
valid approach to find » (M1)

u Inx®* 4lnx

n+l

4 16 D
Inx" =Inx"xr

e b ) >
o u, ~ Inx'’ 8nx
- A1
2
recognizing a sum (finite or infinite) (M1)
eg 2'Inx+2'Inx, L, A L
24
valid approach (seen anywhere) (M1)

N2
[3 marks]

1
eg recognizing GP is the same as part (a), using their r value from part (a), r = E

correct substitution into infinite sum (only if |r | is a constant and less than 1) A1

4 16
- 2 lnx1 Inx 32Inx
101
2 2
correct working (A1)
eg Inx=2
x=¢ A1

N3
[5 marks]

Total [8 marks]



Question -17

(a) attempt to subtract terms
eg d=u,—u, 7-3

d=4

(b) correct approach
eg u,=3+9(4)

u,=39

(c) correct substitution into sum

10
69 8,=5(3+39), §,=—(2x3+9x4)

8,=210

Question -18

(i ¢=5

(b) correct approach
eg pxq, 5x6

k=30

(c) correct approach
eg rows=n+1,columns=n

A(ny=n(n+1) (=n*+n) (cm?)

(M)

A1 N2
[2 marks]

(A1)

A1 N2
[2 marks]

(A1)

A1 N2
[2 marks]

[Total 6 marks]

A1

A1

N1

N1

[2 marks]

(A1)

A1

N2

[2 marks]

(A1)

A1

N2

[2 marks]

[Total 6 marks]



Question -19

correct application of loga +logh =logab (A1)
eg log,(2sinxcosx), log2+log(sinx)+log(cosx)
correct equation without logs A1
. ’ . 1
eg 2sinxcosx= 27! sinxcosx :Z , sin2x —5
recognizing double-angle identity (seen anywhere) A1
eg log(sin2x), 2sinxcosx =sin2x, sin2x =%
} . i1 y
evaluating sin 5 E (307 (A1)

correct working

A1l

eg x =l+2n, szﬂ 29_7[ 750°, 870°, x=- and x—S—TE one correct final answer
12 6 6 12 12
X :215—; 219—; (do not accept additional values) A2 NO
[7 marks]
Question -20
(a) subtracting terms (M1)
eg 5-8,u-u
d=-3 A1 N2
[2 marks]
(b) correct substitution into formula (A1)
eg u,=8+(10-1)(-3), 8-27, =3(10)+11
u,=-19 A1 N2
[2 marks]
(c) correct substitution into formula for sum (A1)
10
eg y ?(8—19), 5(2(8)+(10—1)(—3))
Sio=-55 A1 N2
[2 marks]

Total [6 marks]



Question -21

(@)

(b)

infinite sum of segments is 2 (seen anywhere)

ho_,

eg p—+—p2+p3+...=2,:

recognizing GP
—_—— ul n—l1 1/{1 (}"” B 1)
eg ratioisp, —, u, =u xr-, ———
l-r r—1

correct substitution into S, formula (may be seen in equation)

I-p
correct equation
g —L-=2, p=2-2p

1-p
correct working leading to answer
eg 3p=2,2-3p=0

2

R=z (cm)

recognizing infinite geometric series with squares
kﬁ
1-%°

C
correct substitution into S, :1_6 (must substitute into formula)

eg K +k'+k°+...,

' _ ¥
1-k* 16
correct working

eg 16k*=9-9k*,6 25k*=9, k=

eg

3
= s (seen anywhere)

valid approach with segments and CD (may be seen earlier)
eg r=k,S8_ =b

(A1)
(M1)
A1
(A1)
A1
AG NO
[5 marks]
(M1)
(A2)
(A1)
A1
(M1)



correct expression for b in terms of k (may be seen earlier)

k < —
e =— b=> K", b=k+k’+k +...
g 1—k Z T

n=1

substituting their value of & into their formula for b

Question -22

METHOD 1 - using discriminant

correct equation without logs

eg 6x—3x’=k’

valid approach

eg -3x’+6x—k’=0,3x"-6x+k>=0

recognizing discriminant must be zero (seen anywhere)
eg A=0

correct discriminant
eg 6 —4(-3)(-k%), 36-12k*=0

correct working
eg 12k’=36, k*’=3

k=3

(A1)

(mM1)

A1 N3
[9 marks]

Total [14 marks]

(A1)

(m1)

m1

(A1)

(A1)

A2 N2



METHOD 2 - completing the square

correct equation without logs
eg 6x—3x =k’

valid approach to complete the square

5

k
eg 3(x2—2x+l):—k"‘+3, X —2x+1-1+ = =0

correct working
2

k
eg 3(x—1)2:—k2+3,(x—1)2—1+T:0

recognizing conditions for one solution
2

k
eg (x—1°=0, —1+?=0

correct working
.2
=l ¥=3
3

€g

k=3

Question -23

(a) (i) valid approach
og YaRHl

w, W,

r_lzsin?a _ 2sin’ @
18 3

(i)  recognizing that sin @ is bounded
eg 0<sin’@<1, -1<sinfd<1, -1<sinf<1

~d

O<r<

(PSRN

Note: If working shown, award M1A1 for correct values with incorrect
inequality sign(s).
If no working shown, award N1 for correct values with incorrect
inequality sign(s).

(A1)

(m1)

(A1)

M1

(A1)

A2

N2
[7 marks]

(M1)

A1l

N2

(M1)

A2 N3

[5 marks]



(b)

(c)

correct substitution into formula for infinite sum
18

2sin’ @
3

evidence of choosing an appropriate rule for cos28 (seen anywhere)

eg
L.

eg cos28=1-2sin’6

correct substitution of identity/working (seen anywhere)

&G 18 54 18
I—E 1—cos28 )’ 3-2 1-cos28)’ 3-2sin’@
3 2 g 2 3
comrect working that clearly leads to the given answer
18x3 54
2+(1-2sin’ @) 3—(1—cos26)
54
2+cos(28)

METHOD 1 (using differentiation)

__dS
recognizing d; =0 (seen anywhere)

]

finding any correct expression for

0—54x(~25in286)

— —54(2+4c0s20) " (~2sin 26)
(2+cos28)

correct working
eg sn2d=0

any correct value for sin” (0) (seen anywhere)
eg 0, m, ..., sketch of sine curve with x-intercept(s) marked

both comrect values for 28 (ignore additional values)
260 =m, 3n (accept values in degrees)

3n

both comrect answers 8 = ?

i
2

Note: Award AOQ if either or both correct answers are given in degrees.

Award A0 if additional values are given.

A1l

(M1)

(A1)

A1l

AG

(M1)

(A1)

(A1)

(A1)

(A1)

Al

NO

[4 marks]

N4



Question -24

METHOD 1

evidence of discriminant (M1)
eg b’—4ac, A

correct substitution into discriminant (A1)
eg g —4p(-4p)

correct discriminant A1
eg g +16p°

16p° >0 (accept p’>0) A1
g*=0 (donotaccept g* >0) A1
g +16p* >0 A1
f has 2 roots A1 NO
METHOD 2

y-intercept =—4p (seen anywhere) Al
if p is positive, then the y-intercept will be negative A1l
an upward-opening parabola with a negative y-intercept R1
eg sketch that must indicate p > 0.

if p is negative, then the y-intercept will be positive A1l
a downward-opening parabola with a positive y-intercept R1

eg sketch that must indicate p < 0.

f has 2 roots A2 NO

[7 marks]



Question -25

(a)

(b)

valid approach involving addition or subtraction M1
eqg u,=log p+d,u—u,

comrect application of log law A1

eg log (pg)=log p+log. q, log, (E}
p

d=log,q AG

METHOD 1 (finding «;, and d)

recognizing 2 = S,, (seen anywhere) (A1)
attempt to find u; or d using log_ =k (M1)
eg 2log_c, 3log_c, correct value of u, ord

u,=2.d=3 (seenanywhere) (A1)(A1)
correct working (A1)

-

;
.- Szo='—?(2><2+19x3), Sz.,=§(z+59), 10(61)

0
u, =610 A1
DU,

METHOD 2 (expressing § in terms of ¢)

recognizing 2. = S,, (seen anywhere) (A1)

comect expression for Sin terms of ¢ (A1)

eg 10(2log, ¢’ +19log, c’)

log, ¢* =2, log_ ¢’ =3 (seen anywhere) (A1)(A1)

comrect working (A1)
20 20

€ Sy ="-(2x2+19x3), Sy =?(2+59} , 10(61)

0
3 u, =610 A1

n=l

NO
[2 marks]

N2

N2



METHOD 3 (expressing S in terms of ¢)

recognizing > =S,, (seen anywhere)

correct expression for S in terms of ¢
eg 10(2log, ¢’ +19log, c*)

correct application of log law

eg 2log ¢’ =log c*, 19log, ¢’ =log, c”, IO(logC (02 )2 +log, (03 )Lg),

10(10gc ¢* +log, 057) , 10(logc cﬁl)

correct application of definition of log
eg lOgccm::(Sl_,logcc“::gl,logccs?:S7

correct working
eg 8, :2—20(4+57) , 10(61)

20
> u, =610
n=1

Question 26

(a) (i) valid approach
Uy, Uy

eg —=,—L

u, U,

F

-~

=3

_12sin*6 ( 2sin’@
18

(i) recognizing that sin @ is bounded
eg 0<sin’@<l, -1<sinf<1, -1<sinf<l1

0<r£%
3

(A1)

(A1)

(A1)

(A1)

(A1)

A1 N2

[6 marks]

[Total: 8 marks]

(M1)

At N2
(mM1)

A2 N3



(b)

correct substitution into formula for infinite sum
18

- 2sin’ @
3

evidence of choosing an appropriate rule for cos26 (seen anywhere)

eg

eg cos20=1-2smm*8

correct substitution of identity/working (seen anywhere)

og 18 54 18
1_2(1—(:0526? ' 3_2{1—00529 " 3-2sin’*@
. 2 2 3
correct working that clearly leads to the given answer
18x%3 54
eg =D v
2+(1-2sin"@) 3-(1-—cos28)
.. I
2 +cos(260)

METHOD 1 (using differentiation)

recognizing cll% =0 (seen anywhere)

o

finding any correct expression for

0—54x(~2sin20)

@ Y —54(2+4co0s26)%(-2s1n26)
+cos

correct working

eg smn20=0

any correct value for sin'(0) (seen anywhere)

eg 0, m, ..., sketch of sine curve with x-intercept(s) marked

both correct values for 26 (ignore additional values)
260 ==, 3n (accept values in degrees)

3n

both correct answers & = % ?

A1

(M1)

(A1)

A1

AG

(mM1)

(A1)

(A1)

(A1)

(A1)

A1

[5 marks]

NO

[4 marks]

N4



Question 27
(a) METHOD 1 (using symmetry to find p)
(i)  valid approach (M1)

LA

p=1 A1 N2

b
Note: Award no marks if they work backwards by substituting a =2 into —— tofind p.

Do not accept p = 2 :
a

(i)  valid approach o
eg fil .4 (might be seen in (i)), /'1)=0
2a 2a
correct equation -

eg i:1, 2a(1)-4=0
2a

a=2 AG NO

METHOD 2 (calculating a first)

(i) & (ii) valid approach to calculate a m1
eg a+4-c=a(3)-4Q3)-c, /(D=1
correct working A1
eg 8a=16
a =2, AG NO
valid approach to find p (M1)
eg —3 .
2a° 2(2)
2=l A1 N2
[4 marks]
(b) valid approach (M1)
eg  f(-1)=5, f(3)=5
correct working (A1)
eg 2+4—c=35,18=12—c=5
e=1 A1 N2
[3 marks]

Total [7 marks]



Question 28

(a)

(b)

(c)

valid approach
eg f(x)=0, x’—4x-5=0

valid attempt to solve quadratic equation

eg factorizing, formula, completing the square

evidence of correct working

(x=5)(x+1), x= A16-4()

2
x=-1,%=5 faceept (-1.0). (5. 0))

eg

correct working

—(— —-1+5
—_— s
2(1) 2

x=2 (must be an equation with x =)

(i) h=2

(i) METHOD 1

valid approach

eg f(2

correct substitution
eg (2’-4(2)-5
k=-9

METHOD 2

valid attempt to complete the square
eg x*—4x+4

correct working
eg (X’ —4x+4)-4-5, (x-2)"-9

k=-9

(m1)

(mM1)

(A1)

A1A1

(A1)

A1

A1

(M1)

(A1)

A1

(m1)

(A1)

A1

N3
[5 marks]

N2
[2 marks]

N1

N2

N2
[4 marks]



(d)

METHOD 1 (working with vertex)
vertex of fisat (2. -9)

correct horizontal reflection
eg x=-2,;(-2.-9

valid approach for translation of their x or y value
-2

eg «x—-3.y+6, ( }r(; J , one correct coordinate for vertex

vertex of g is (-5, —3) (accept x=-5, y=-3)

METHOD 2 (working with function)
correct approach for horizontal reflection
eg  f(-x)

correct horizontal reflection
eg (X)) —A(xW5 9% Ax Sl —2)" -9

valid approach for translation of their x or y value

eg (x+3)"+4(x+3)-5+6, x> +10x+22, (x+5)>* -3 , one correct

coordinate for vertex

vertex of gis (-5, —3) (accept x=—5, y=-3)

(A1)
(A1)

(mM1)

A1A1 N1N1

(A1)

(A1)

(M1)

A1A1 N1N1

[5 marks]

Total [16 marks]



Question 29

(a)

(b)

(c)

correct approach
eg 3log,a

log, a’=3b

correct working

eg log,8+log,a, log,8=3

log,8a =3+b

correct working
log, a

log,8 3

log ar—é
" a

Question 30

(a)

correct working

eg -5+@8-1)(3)

ug =16

correct substitution into u, formula
eg —-5+3(n-1), 3n—8

correct equation

eg -5+3(n-1)=67, 3n-8=67, 3(n-1)=72

correct working

egq 3n=75,n-1=24

n=25

; llog2 a, blogg2

(A1)

A1 N2
[2 marks]

(A1)

A1 N2
[2 marks]

(A1)

A1 N2

[2 marks]

Total [6 marks]

(A1)

A1 N2
[2 marks]

(A1)

(A1)

(A1)

A1 N3
[4 marks]

Total [6 marks]



Question 31

correct application of change of base (accept any base) (A1)
log,(13—-4x) log,s(2—x) log,(2—x) log(13—4x)
log,16 ~ log,4 ~ log,4 = logl6
correct numerical value (A1)

1
eg log,16=2, log,64:E

correct application of rlog a =log_ a” (A1)
eg log,(2- )

correct equation without logs A1
eg (2-x)=13-4x, 2-x)*'=(13-4x)*, 4—4x+x" =13-4x

correct working A1

eg x*=9

x=-3 A2 N2
[T marks]

Question 32

(a) correct working (A1)
eg sin[Er}:I J \/;(l—sin(ﬁxn =)
4 4
sin(g] =1 (seen anywhere) (A1)
correct working (ignore additional values) (A1)
T R It
eg —x=—,—x=—+21
4 2 4
x=2,10 A1A1 N1N1
[5 marks]
(b) correct working (A1)
eq d=10-2,a+b=2,a+2b=10
valid approach (M1)
eg 2+(m-1)8, a+2(2-a)=10, b=common difference
a=-6,b=8 (accept —-6+8n) A1A1 N2N2

[4 marks]



(c)

valid approach (M1)
eg firstintersectionat x=0, n=20

correct working A1
eg —6+8x20, 2+(20-1)x8, u,, =154

P(154, V154) (accept x=154 and y=+154) A1A1

Question 33

(a)

(b)

Note:

(c)

valid approach (M1)
eg f(x)=0, 9—x>=0, one correct solution
x=-3, 3 (accept (3, 0), (-3, 0)) A1
valid approach (M1)
eg height= f(b),base=2(OP) or 2b, 2b(9—x*), 2bx f(b)
correct working that clearly leads to given answer A1
eg 2b(9-b%)

Do not accept sloppy notation eg 26 x 9—5>.
area =182’ AG
setting derivative = 0 (seen anywhere) (M1)

eg A=0, [183;—2.3;3]r ¢

correct derivative (must be in terms of b only) (seen anywhere) A2
eg 18-6b°, 2b(-2b)+(9—-b")x2

correct working (A1)
eg 60> =18, b=+3
b=A3 A1

N3

[4 marks]

N2
[2 marks]

NO
[2 marks]

N3
[5 marks]



(d) valid approach
eg f=g,9-x"=(x-3)+k

correct working

eg 9-x*=x>—6x+9+k,9-x>—x>+6x—9-k=0

2x2—6x+k=0

(e) METHOD 1 (discriminant)

recognizing to use discriminant (seen anywhere)
eg A, b*—4ac

discriminant = 0 (seen anywhere)

(M1)

(A1)

AG

(mM1)

M1

correct substitution into discriminant (do not accept only in quadratic formula) (A1)

eg (—6)’-4(2)(k), (6)>—4(2)(k)

correct working
eg 36-8t=0, 8k=36

A' — E (: 2 - 4_5J
8 2
METHOD 2 (completing the square)

valid approach to complete the square

eg 2(.\f2—3.vc+2J:—k+E XSS —4==0
4 4 4 42

correct working

2 2
eg 2[.1’—3) iy 0 : [x—z) —2+£=0
2 4

recognizing condition for one solution

( 3]2 9 k
eg x——| =0, —+—=0
2 4 2
correct working
eg _k—_g f—g
4 2 4

(A1)

A1

(mM1)

(A1)

M1

(A1)

A1

NO
[2 marks]

N2

N2



METHOD 3 (using vertex)

valid approach to find vertex (seen anywhere)

eg (2.1(2 —t.‘;erk)r =0, —%

correct working

eg (2x° —6x+11:)r O

2(2)

43

correct substitution

2
eg 2(2} —6[2}”(:0
2 2

M1

(A1)

(A1)

(A1)
A1 N2
[5 marks]

Total [16 marks]



Question 34

(a)

(b)

correct substitution into 5% —4ac
eg (5kY —4(2)(3k* +2), (5k)* -8(3k* +2)

correct expansion of each term
eg 25k 24k 16, 25k* —(24k* +16)

i -16

valid approach
eg  f(x)>0, f(x)=0

recognizing discriminant <0 or <0
eq D<0,k -16<0, k> <16

two correct values for 4/endpoints (even if inequalities are incorrect)

e k=14, k<4dandk>4,|k|<4

correct interval

eg —A<k<4, 4=<k<4

Question 35

(A1)

A1

AG

M1

M1

(A1)

A1

NO
[2 marks]
N2

[4 marks]

Total [6 marks]



(a) valid approach (M1)

|
eg 11-a=9, - N
91(11-9)!
= A1 N2
[2 marks]
(b) valid approach for expansion using n =11 (M1)
11 11 11
eg 3 g s a’p' + P
F L 2
evidence of choosing correct term A1

11 11 11
eg 3%, Sl 3

correct working for binomial coefficient (seen anywhere, do not accept factorials)A1

11><10><9
2

11 . 5
eg 55, 9 =55, 55%3F B3P x 4

495 A1 N2

Note: If there is clear evidence of adding instead of multiplying, award A7 for
the correct working for binomial coefficient, but no other marks.

For example, 55x° +3% would earn MOAOA1AO.

Do not award final A1 for a final answer of 495x° , even if 495 is seen
previously. If no working shown, award N1 for 49557 .

[4 marks]

Total [6 marks]



Question 37

(a) valid approach
eg 11-5,11=5+d

d=6
(b) valid approach
eg u,—d,5-6,u+(3-1)6)=11

i, =-1

(c¢) correct substitution into sum formula

eg ?(2(—1%19(6)),22—0(—1+113)
S, =1120

(M1)

A1 N2
[2 marks]

(M1)

A1 N2
[2 marks]

(A1)

A1 N2
[2 marks]

Total [6 marks]





