"Knowing the path is good but not enough, walking the
path with determination leads to destiny
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Topic 1: ALGEBRA

Indices and surds:

1.
1
a=162 Bl
b=5 Bl
c=12 Bl
(3 marks)
2.
2.
. 3' 3, 405 x4y _ 4"35"
Attempts both sides as powers of 3 3 =3x3"=3"" =3 M1
Sets powers equal and attempts to makes y the subject : d
x—4y="35"=>y=.. Mi
1 7 Al
y=—x——
8
3)
(3 marks)
Altl | Multiplies by 3" first:
Attempts both sides as powers of 3 37 =273 x3% = 37 =335 Mi
(Addition law on RHS)
Sets powers equal and makes y the subject x="3.5"+4y= p=... dM1
1,8
"T4'R Al
Alt2 Divides by 2743 first:
: 3" s
Attempts both sides as powers of 3 === 3t 230 Ml
3 %2743
(Subtraction law on LHS)
Sets powers equal and makes y the subject x—"3.5"-4y=0= y=... dM1
1 7
V=373 Al
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2@ |3 =(3) =y BI
(n
b L.t .2 M1 Al
( ) 3.\'73 3.\'x372 }__
2)
(c) 81 S = gr( g 3o M1 Al
9;—,\ 9,—)\
2)
(5 marks)
3(i)
\/§:2\/5 seen anywhere in the solution (see notes) Bl
(x+v2) +(3x—5v8)
— X% 4+ 202 +2+9x7 —30x+/8 +25x8 M
=10x — 58x+/2 + 202 Al
(&)
(i) V3(4y-3v3)=5y+3
= 43y-9=5y++/3 M1
— 43y -5y =9+/3
=y=.o0r=kp=
dM1
9""\/_ " or 1123n—1,:lrg+\/§n
435
9+4/3 4J§+5 _ M
TuB-5 4 345 0
57 41 11 18
y=2—+1—4/3
ST o y=2lbalE ) Al
Q)]
(ii) Alternative 1:
£(4p+4qs/§73\/§)=5(p+q\/5)+\/§
= 4pf3+12g-9=5p+59/3+/3 Ml
— 4p=5g+1.12g—9=5p Ml
= —_ :5
:»4p:>5§;r1, l;q: 9 P ddM1
}-'—i; 4:\/_ (or y= 2—+1—\/._ Al
Total 7
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®)

1 | 4+22
2. = M1
=) 4202 4-202 4122
4+22 1 1
= —— o Al
6-8 ~27zV? °°
(2)
() | 4x=2V2x+20y2 = (4-242)x =202 M1
2042
x=—" _ =202 x(a)
(4_25) dM1
:>x:20\/5x[%+%ﬁJ:]0+10-\/§ Al
3)
(5 marks)
3(i) Writes /180 as 6\/§ or\/@as 4\/§ M1
Concludes working 6J§_4J§:2J§ = Al
5
(2)
(ii) 4J§—5_4J§—5X7+3\/§_ M1
7-305 7-3J5 7435
:28J§—35+12(J§) 1545 .
49-9x5
25 13
=—+—+5 Al
4 4\/_
3)
(5 marks)
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%uug;:l Scheme Marks
Way 1: Way 2: Way 3:
i
(i) y a9 e log
B P 27 =7 V7 ~ log7 | M1
ﬁ 7i = or
™ =£ﬁa =log,—
7
(a=)11 (oe) or see answer =7 Al
[2]
(ii) Way 1: Way 2:
1018 +4)
15v2 +20)(\/18 -4 Ml
s - 913 -9 ikl
== =15v36 - 6042 + 2018 80 Bl
10 Oi+4)-152 =90-60v2 +60v/2 -80
=5(3J2+4)=15v2 +20* 10 Alcso
18-4 =10s0 =152 +20*
i Ji18-4
[3]
5 marks
8.
%“;‘g‘ Scheme Marks
(a) ix  asthe final answer. Bl
(b) 81" as the final answer Bl
© ¥ as the final answer B1
[3]
(3 marks)
9.
Q“‘“I o Scheme Marks
) s _% MI1 Al Al
@ yﬁ=(MXJ-=§fs 13
8
®) (25y)F =16x* BLBI 2
5 marks
Notes
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10.
%uuc:;:? Scheme Marks
@ |[» Bl
(1
(b) 8y Bl
1)
64
(c) o M1 Al
(2)
(4 marks)
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11.
11
%‘:;b‘: Scheme Marks
(a) 23|:21+l_| or 24”3
Accept either 23 o 24242
but not (23 )' ) inless followed by 23x4) o a2 B1
Also accept a=4x+2 orequivalente.g. a=2(2x+1)
Apply 1sw once a correct answer 1s seen.
[1]
(b) Either
A correct application of the
Examples: addition law on the lhs. Follow
21 x 4ZI+I = 21 X 2'4!»2' = 2:#'4x+2' through on theu' 4x + 2 but 1fthey
or use bases other than 2 then the
457 43 _ gimeasid powers must be correct.
5 o
Ly L(2x+1) Tx+3{(2x+1) r Ml
16¢ x16° —n A correct application of the
o multiplication law on the rhs. As in
l63x =24x3:r or 21-: Py i 3x
(a) must be e.g. 2***not (2*)
or
l63r = 42<3x or 46: — ‘
Condone 1nvisible brackets for this
Lars
mark e.g. 47 =167 :
Examples:
Predxsd _ 24-3x‘ 411"31’1 =i 25%#2 _ 163’, 16%”% =163 2%+ _olix
Any correct equation or correct follow through from their answer to part (a) in
the form m""™ = »n** which may be implied by their equation below Alft
Note that 1t 1s not necessary that m =n
If “1sw™ has been applied in (a). mark positively and allow this mark if possible
eg if 2%3 = 2%l i seen in (a), score Bl and then allow M1A1#t in (b) if
2** is used in (b)
Examples:
1 1 1
5x+2=12x,—x+2x+1=6x, = x+x+—=3x,4x+221dx Al
2 B 2
o ) X ] ) (M1 on
Thus 1s for any fully correct linear equation (no inexact decimals from logs) | ¢PEN)
(not follow through here)
Note that this is an M mark on ePEN
Correct answer and no other values.
Allow equivalent exact fractions
4 -2
2 e.g. — butnot —.
e 1 3 Alcso
Note that this mark 1s cso so cannot
be ‘recovered” once inexact
decimals have been used.
[
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12.
Question
Number Scheme Marks
@ g B1
1]
(b) if or 2—1:).‘* or 025x* Bl, Bl o
3 marks
Notes
13.
Question .
Nk Scheme Marks
. 3)‘ x
(i) Eithér 42%*1 — 22Qx+1) jpqgéx _op3dx o0 g4 _ 43 4 Ml
2(2x+1) =l2x=>x=—;- dM1Al
3)
(i)a) | 3VI8-V32=9V2-4V2=5V2 MIA1
2)
() | Vn=5V2=>n=(5v2) =25%x2=50 MI1Al
()
(7 marks)
Alt (i) | Taking logs of both sides and proceeding to (2x+1)log4 =4xlog8 M1
= r—-&
" 4log8-2log4
o log4 ' 1
= Toz256 4 dMIAl
3)
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14.
v o)
o 2 2 (i) xV3=4V2 +x
47 32
1
(1) 2% 92 . 1os
Way 1 e 2 =22 M1 Al
31’—4:{:—2 = 1':ix—é or 1'21(8:{—9) cso dMl
- 2 ] 2 T 6 Al cso
) lo s = lo; ﬂ = ylog8—2xlog4=1lo £ M1
Way 2 g 42.\ g 32 . g - g g 32
ylog8—2xlog4 = log(\/2) - log(32) Al
2; 2)- 2x(2log2)+1log2—5log2
. r]og4+log(\/_) ]og(32):>}_: x(2log2)+5log og M1
’ log8 | 3log2
4 3 1
= y=—x—-=or y=—(8x-9) cso Al cso
32 6
)
(ii) x\/gf.\: =4 4\/5 = x(\/?; - l}:4\/5 For sight of an equation containing (i\/g +1)x | M1
Y—ﬂ X= 4\5 or r—iéh/zoe Al
- Bl =
‘o 42 (3 dependent on the previous M mark | ..
TOGB-) (B Attempt to rationalise the denominator
4JE + 4\5 Uses a non-calculator process to obtain
= 2 = x=2/6+2V2 cs0 x=2+/6 + 242 or equivalent Al eso
)
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%uu;sltti::x Scheme Miks
® 4('Zﬁ,+\[g) : M1
(V- a) 242 )
(2v2-V6)(2v2 +4/6)=8-6=2 Bl
V6 =V2+/3 used in numerator - may be implied by a correct factorisation of numerator | Bl
4(2v2 +/6)
Concludes ¥=2J§(3+J§) . Al *
[4]
(i) 1* two terms J27=33 and JZ—xﬁ=7\/§ Bl
3" term See 24/3 or% Bl
W3+73-2/3=83 or 3~/§+7~/'-$= 3 = Bl *
- [3]
.-\ltfe;:n(ai;n'e Assume result and multiply both sides by ( 22 -6) M1
(2v2-46)(42+2{6) =16-12=4 Bl Bl
So LHS = RHS and result is true = -
Alternativ J21x7x3 -
for (i) 81+ 3\}57 2= Or JB1+21x7x3-6=8\33 BI
9*3&‘6 9+21-6= B1
24 B Bl
o l% LAY 9+21-6=24  soequation is true 3]
V3B (7 marks)
16.
%ti;tl;(;: Scheme Marks
@) 6 __ 6 N5+\2 M1
Fh BB
6(+5 +~2
=7( = ) =2J5+242 Al
(2)
(b) Jx = J_x+18J_:>(J_ J_)x 185 Ml
18V5
—x= - J_)—3~/‘ x(a) dM1
2x=3«/§x2(\/§+ﬁ)=30+6«/1_0 Al
3)
(5 marks)
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17.
Question Scheme Marks
Number

2 27=353,%=23
xJE+21=6—;:>3J§x+21=2J§x M1 Al
:>\/§x=—21
21
S x=-tr = x=-73 M1 Al
NG
(4 marks)
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E+5 =-2x+c¢

X
Multiplies through by x 3+ 5x=-2x"+cx = +2x7....... (=0)
and writes in quadratic form = 2x"+(5-c)x+3(=0) oe

Attempts "b* —dac" = (5 - C)2 -24

Attempts "bz—4ac":0:>(5—c)2—24:0 = c=..

(c=) 54246 oc

Attempt at inside region

5-2J6<c<5+26 oe

Ml

Al

M1

dM1

Al

M1
Al

(7)
(7 marks)
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2(a) f(x)=11-4x-2x"
2 5 Bl
:>...—_2(2x+x‘)... or:>...—_2(2x+x‘...)
...(2x+x3):»....((x+1)2i...) M1
(f(x)=) 13-2(x+1)’ Al
3)
(b) v
{(0.11) Ml
Al
2
(©)
x=-—1 BIft
1)
Total 6
Alt(a) a+b(x* +2ex+c’)=11-4x-2x’
he—d Bl
2bc=—-4=c=..(=1 Ml
a+bc* =—4=a=..(=13)
(f(x)=) 13-2(x+1)’ Al
1
8 x—6x2+4=0
1
x2=3+/5 oe MI Al
x=(3£V5) = x=1416J5 M1 Al Al
(5 marks)
1
8 Alt x+4=06x>
(x+4) =36x MI Al
2 =28x+16=0=(x—14)" =180 = x =14 ++/180 = x = 14i6\/§ M1 Al Al
&)
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2(a)
b=2 Bl
.. (x+3)
(x+3) -
(f(x)=)21-2(x-3) Al
3)
(b)
Ris (0,—4)or“h"=4 Bl
f(x)-7= 14—2(.1r—3)2 =x=.. or f(x)-7=-4+12x-2x"=x=... MI1
(NB x=3£+7)
Area:lx("3+ﬁll_(ll3_ﬁ"))x"4ll dMl
2
=47 Al
“)
(7 marks)
8. 4+12x-3x2=a+3(x4c) or a+b(x+2) M1
Tw00f16—3(x—2): ortwoof a=16,b=-3,c=-2 Al
16-3(x—2) Al
(iii) Coordinates M =(2,16) B1ft B1ft
(3)
(b) States or implies that /, has equation y="8"x+k M1
Sets 4+12x—3x? ="8x"+ k and proceeds to 3TQ dM1
Correct 3TQ 3x2—-4x+k—-4=0 Al
Attempts to use b’ —4dac=0 to find k ddM1
k:%jy:&r+? Al
&)
(10 marks)
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9(a)
lch—10x+22:l(,\rir...)3i... or states a:l Bl
2 2 2
1, 1 5 1
—x"—10x+22=—(x+10)"+... orstates a=— and b==%10 M1
2 2 2
lxi—lo.wzz:l(x—lof—zs Al
2 2
3)
(b} (n]on‘ "—28") B1ftB1ft
(2)
(c)(D)
Gradient of tangent =8 Bl
dy B _
E=.\—10—8:>X—... Ml
x=18, y=4 AlAl
(e)(ii) k—lx"IS":"4":> k:g dMI1Al
8 4
(6)
d 25 1 1,
@ One of x ..."l0" or y "?"—gx or y ...Ex‘—IOx+22 B1ft
Two of x ..."10" 023 L 10x+22 BIf
wo of x ... ory, "—"-—xory..—x —10x
Ve g gt '
25 1 1,
All three of x...10, y,, ———xand y...—x —10x+22 Bl
4 8 2
3)
(14 marks)
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®)

Simultaneous equations:

1.
Question Scheme Marks
4 y:3x+4:>x9+(3x+4)2+6x—4(3x+4):4
or
2 Ml —
_4 _4 7 _4
x:y—: ry—2 +y +6 y—]—4y:4
3 3 3
5x" +9x-2(=0) or 5p° ~13y-46 (=0) M1A1
Gx—1)(x+2)=0=x=... or (5y—23)(y+2)=0=>y=... dM1 =
x=02, x=-2 or y=4.6, y=-2 Bl
Substitutes their x into their y = 3x + 4 / Substitutes their y into their x =yT_4 Ml
x=0.2 orl , v=4.6 or4§0r§
5) ° 5 5
and Al
x==2, y=-2
(7 marks)
2.
6(a) 2xy—3x> =50; y—x" +6x=0
= 2x(x* —6x)-3x" =50 M1
= 2x" —12x" -3x* =50 =0=2x" —15x* =50 =0* = CSO Al*
(2)
(b) :>(sz +5)(x2 —10):0:>x2 =... M1
So x” =10 Al
=y =(VI0) 6 = M1
one solution pair is x = x/m,y =410 Al
Solutions are xzm,y=4m and xz—\/m,yz—ﬁlm CSO Al
&)
(7 marks)
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8. | Equates y=k(2x—1)and y=x"+2x+11= k(2x-1)=x"+2x+11 M1
=1’ +(2-2k)x+11+k (=0) |A1
Attempts "b* —4ac"...0 = (272,(')2 —4(11+k)...0
and proceeds to critical values M1
Critical values of (k=) 5.-2 Al
, . . Ml
No roots so b* —4ac < 0 so choose inside region
-2<k<5 Al
(6)
(6 marks)
2 .(a)
Attempts to use the given model at least once. Eg 2° = px3® +¢ M
Two correct simplified equations 9p+¢ =8 25p+q=13.8(24) Al
Solves simultaneously to get at least one of p or ¢ dM1
p=0.364,9g=4.72(4) Al
)
9 125 — "q "
(b) | Attempts to find 7 when H=5 Eg. Calculates — MI
p
(T=) 182 Al
(2)
(6 marks)
6.(a) | Sets 4x+c =x(x—3) and attempts to write as a 3TQ Ml
Uses b° = 4ac for their x —7x—c=0 dM1
Correct equation 49 =—4¢ or 49+4c¢=0 Al
c=-12.25 oe Al
4)
(b) Attempt to solve x —7x—c =0 with their ¢ Ml
Attempt to find the y coordinate for their x coordinate dM1
& 5 Al
2°4
3)
(7 marks)
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2.(a) 1.85=2a+b and 3.45=7a+b MI1 Al
Solves simultaneously to get a=0.32,b=1.21 (oe) dM1 Al
4)
(b) States 1.21 mor 121 cm (o¢) Blft
1)
(5 marks)
3(a)
1.05=3p+g¢g
1.65=5p+g¢q
e.g. = 2p=0.6 or =1.05=3p+(1.65-5p) or = 1.65=5p+(1.05—3p) Ml
p=03 ¢=0.15 AlAl
3)
(b)
25="03"T+"0.15"=T= M1
T=178 Al
(2)
(5 marks)
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1.
5. (a) 20x" ~50x* ~30x = 0= 10x(2x* ~5x~3) =0
=10x(2x+1)(x-3)=0 Ml
:x:O,—l,B Al, Al
2
3)
!
2 |
(b) Sets or implies (y+3)° :00r—5 or 3 Blft
Full method to find y M1
y=06 Alft,
);‘ = —31 6 A]
)
(7 marks)
2.
5.(a) | 2x +3x —35xr=0= .r(2x2 +3x—35):O M1
(2x=7)(x+5)=0=>x=... dM1
7
x=-5,0,= Al
’ 2
3)
®) | 2(y-5)"+3(y-5)"=35(y-5)’=0
States that y =35 is a solution Bl
2 7
()J—S) :"E"::;y:__, M1
7 7 .
y=5+ 5 ory= 5—- 5 or exact equiavlent Alft
7 7 .
Both y=5+ 5 and y=5— 5 or exact equivalent. Al
)
(7 marks)
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8 (a) x>4 B1
(1)
) | (3x-2) (x=4)=(9x" —12x+4)(x—4)
=0x® —48x% +52x—16 MI Al Al
3)
(¢) | Sets 9x’ —48x* +52x—16=—-16 = 9x” —48x” +52x (=0) Blft
, +4/48% - + M1 BI
:>x(9x‘—48x+52):0:>x:48 V48 4x9x52 16 43
18 6
Distance PQ = ]6+4\/§—16_4J§=£ﬁ MI Al
6 6 3

5
(9 marks)

Naturalsciencesolution — Accelerating academic skills

Page 21 of 69



https://naturalsciencesolution.com/

2 sﬂ)
N—

naturalsciencesolution

——— Accelerating Academic Skills —

4,
| 2(a)(i) | | |
—a+6a+8+a*=32=a*+5a-24=0 M1
(a+8)(a-3)=0 dM1
a=3 or a =-8 and chooses a =3 with reason * Al* cso
3)
. 3x" +26x" —9x=0= x(3x> +26x-9)=0
(i)
MI
x(3x-1)(x+9)
(x=) 0.1.—9 Al
3
2
(b)(@)
(y=)0 BI
_-F —"l"or 1,_% _|7_9l?: V= (01' (_9)3 _ or l ’ _ ]
Yo = 3 OV y=.. =... 3] = Ml
(v=) L 79 Al
27
3)
(b)(ii)
9: _n 1 " -
-3 7 M1
1
z=) —— onl
(2=) — only Al
2)
(10 marks)
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4(a)
X' (2x+1)—15x = 2x" +x* —15x = x(2x* + x—15) Ml
x(2x=5)(x+3)=0=x=... dMm1
Twoofx—O,g,—S Bl
v=0,2, 3 Al
2
4)
(b)
Lﬁ:ijv:(ET MI
: 2 2
Em Alcso
4
(2)
(6 marks)
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Sketching curves:

1.

naturalsciencesolution

Accelerating Academic Skills ——

11. (a)

(b)

(c)

Sets

x(x=2)(5-x)=x(3-x)
3x—x* =—x"+7x* —10x = £(x’ —8x7 +13x) (=0)

+x{(x=2)(5-x)-(3-x)} (=0)

Proceeds to :c(x2 —8x+ 13): 0

Solves x2—8x+13:0:>x:4i\/§

Substitutes x="4—+/3" into y=x(3—x) oe

y=(4-33)(-1+43) =4+ 43 3-3=

y=-T+53

M shaped quadratic

Intercepts at O and3

-ve cubic

Intercepts at O, 2 and5

OR
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dM1

Al*

MI Al
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(12 marks)
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Negative reciprocal shape MI
6.(a)
0 : Fully correct
Al
(2
Graph is part (a) translated Blft
b P
. . Bl
®0) { v Correct asymptote or intercept
. Bl
Correct asymptote and intercept
3)
() Sets 3x+4:—£+k:>3x2+(4—k)x+k:0 MI, Al
X
Attempts use b* —4ac =0 to find the critical values MI
Uses b —4ac < 0 and selects inside region for critical values IM1
10-2421 <k <10+2421 Al
3
(10 marks)
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Accelerating Academic Skills ——

10(2)
(-1/3,0) (1/3.0)
B1B1BI1B1
T xy=0 T y=-9
@
(b) k<0 Bl
11—f;?:r'(x::>1—9Jc2=k.1\'4 MI
2
1-9x" =kx* = kx* +9x7 —1=0 Ml
Require b* —4ac = 81— 4x kx—1
Critical value(k :)f% Al
81
——<k<0 Alcso
4
(&)
Total 9

Naturalsciencesolution — Accelerating academic skills

Page 26 of 69



https://naturalsciencesolution.com/

8
ol
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Accelerating Academic Skills

-

(

6. (a)
Shape
Bl
States asymptote as y =k B1
. 4
States intercept as ——
k1 B1
3)
(b) 10-2x =2 4k 510020 =4tk M1
X
=2x*+(k—10)x+4=0 Al
2
Attempts "b —41:;!(:"=0=>(k—10)2 -4x2x4=0 Ml
k=10£4y2 oe MI Al
)
(8 marks)
6.(a) N
. . . Ml
Positive cubic shape anywhere with
1 maximum and 1 minimum
Positive cubic shape that at least
reaches the x-axis at x =—1 and with A
a minimum on the x-axis at
x=3
y intercept at 18. Must correspond Bl
with their sketch
For the intercepts allow as numbers as above or allow as coordinates e.g. (18, 0),
(0, —1), (0, 3) as long as they are marked in the correct place.
v 3)
(b) Eg (2x+2)(x*—6x+9)=... ) MI
=2x"—10x" +6x+18 Al Al
3)
(©) (f'(x)=)6x" —20x+6 Blft
1 1Y) 1 A
f'l =|=6]=| —20|=|+6
)5 =[5 i
A4
3 (3) =0 Al
512
= Al
=07
4)
(10 marks)
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6

naturalsciencesolution

——— Accelerating Academic Skills ——

6(a)(i)

NED
(—4,0) 2

(0, —16k)

BIBIBI

3)

(a)(ii)

B1BI

(2)

(b)

One root because the two graphs intersect each other once

Bl

1)

(6 marks)
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’ ! B1 Negative reciprocal shape
| 1
‘_{_{i_l/i/ i - B1 Intercept at O.E BI1BIBI
ol | —
i Bl x=2, y=0
i
3)
b 2
(b) 4x+k:2_x:>(4.r+k)(2—x):l:>8x+2}(—4x‘—kx—l(:O) oe Mi
4x3+(k—8)x+1—2k:0 Al
a=4,b=k-8,c=1-2k or a=-4,b=8-k,c=2k-1
(k-8)" —4x4(1-2k)(>0) oc M
k* =16k +64—16+32k >0 =k +16k+48>0* Al*
4)
(¢)
kK +16k+48=0=(k+12)(k+4)=0=k=... Ml
k=<12, -4 Al
(€))
(11 marks)
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Inequality and Region:

naturalsciencesolution

£

)

(_ZT_E

(

Accelerating Academic Skills

1.
5(a) Eg 12—a(x+2)
or a(x—1)(x+5) MI1A1
or y=ax’ +bx+c=>4a—2b+c=12 and 25a—5h+c =0
Eg 0=12—a(-5+2) " =a=..
or 12=a(-2-1)(-2+5)=>a=.. dmi1
or 2a(-2)+b=0,25a-5h+c=0,4a-2b+c=12=a=...b=...c=
12—i(3c+2)2 or —i(x—l)(x+5) or _if_&x_'_@ oe Al
3 3 3 3 3
4)
(b) Gradient of [, is - o0.e. Ml
: . 5
Equation of 13 is y:"_z"(x+5) M1
__§x_é Al
Y=
3)
() For two of y > —Ex—E ;yzix; v< —ixz—gx+§
i = 5 3 3 3 M1
Or with strict inequalities
For all three of y > —Ex—2 ;y}ix; S —ixz—ﬁx 2
4 i 5 3 3 3 Alft
Or with strict inequalities
()
(9 marks)
2.
3.(a) | X -Sx+13=(x-2.5)-25+13=(x-2.5) +6.75 MIAl
Coordinates M =(2.5,6.75) Al
3)
(b) Attempts the equation of / using their My = %x (y=2.7x) M)
Attempts to solve their y=2.7x with y=x’-5x+13
=2 Tx=x"-5x+13=>x'-77x+13=0 = (x—2.5)(x-52)=0 MI
x=52 oe Al
Coordinates N =(5.2,14.04) dM1 Al
O]
(¢) States two ofy<x2—5x+13,y>2.7x,0gx< 2.5 Ml
States all three of y < x* —=5x+13,y>2.7x,0<x < 2.5 Alft
(2)
(10 marks)
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—— Accelerating Academic Skills ——

4. When ---- represents < or > and represents < or >
Either 2y <xory=> ZX—%JC2 Bl
1,
2x—§x‘:0:>x:16:>x~<... or x<.. M1
x<16,2y<x andysz—%x2 Al
(3)
(3 marks)
When ---- represents < or > and —— represents < or >
Altl . 1,
Either 2y < x ory >2x——x’ Bl
1,
fogx‘=0:>x=16:>x<... or x<... M1
x<16, 2y<x andy>2x—éx2 Al
(3)
4.(a) Gradient PQ = -3 B1
Attempts to find equation of /' Eg. y—13 =-3(x+2) M1
y==-3x+7 Al
&)
(b) | Attempts to use minimum is (4,—5) Eg y:...(x—4)h -5 M1
Attempts to use (—2,13)with y = a(,\r—-ﬁl)2 Soha.. dM1
= y:%(.\r4)2 ~5 or
) Al
y=—x"—4x+3 oe
2
3
(¢) | Twoof y>-3x+7, y<%(x—4)3—5 x<-2 Ml
All three of y>-3x+7, y<%(x—4)2—5 x<-2 Al
(2)
(8 marks)
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4(a) X+y=6, y=6x-2x"+1
= 6-—x=6x—2x"+1 Ml
=2x —7x+5=0 oe
2 -Tx+5=0=(2x-5)(x-1)=0
5 M1
=x=—,1
2
w3, 7
x=""o=y=_
T2 dM1
or x="1"=>y=5
(1,5) and (2.5,3.5) Al
)
(b) '1-' 2 6.1'_2_‘.‘_ + l (8] M1
xX+y<6 oe
x> a where [ <a<25 Al
(ora<x<b where 1<a<25,b26)
Al
y = 0(or0< y< cwherec > 3.5)
Allow strict or non-strict inequalities
3)
Total 7
3. 3 2 3
® ¥>4:>3x>4x‘:>x(4x—3)<0:>0*z Bl
3
O<x<— M1 Al
4
3)
(ii) y—0=3(x+5) BI
E.g. y<2x’ =50,y >3x+"I5" M1
Eg y<2x —50,y>3x+15 x<-5 Al
3)
(6 marks)

Naturalsciencesolution — Accelerating academic skills

Page 32 of 69



https://naturalsciencesolution.com/

naturalsciencesolution
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5(a)
P,—P,=442—(53-0.4x8)=... Ml
- Al
awrt (£) 16.8 million
(2)
(b)
(£) 53 (million) Bl
(€))
(c)
—1.6t+44.2 =53-0.4(t-8)’ Ml
M1
= 041 —81+%:0:> [=..
Al
t= lO—ﬁ =awrt 2.38 (years)
"2.38" <1 (< 15) Alft
4)
(d)
“The share value would be negative” / “the model is known to hold for 15 B1
years only (and 20 years is more than 15).”
(€))
(8 marks)
3.(a) | Attempts perimeter of garden = 2x5x+2x(6x—2) Ml
Sets 2x5x+2x(6x—2)>29=22x>33 dM1
33
22 o x>15* Al*
=x> B =x>1.5
(3)
(b) | Attempts area of garden = 2x(2x—1)+3x(6x—2) Ml
Sets A<72= 22x —8x-72<0 Al
. iy 2 18
Finds critical values 11x —4x—-36=x= TR 2 MI1
Chooses inside region ddM1
18
il Al
T <x<2
(5)
(¢) 1.5<x<?2 Bl
(1)
(9 marks)
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Equations of straight lines:

1.

naturalsciencesolution

—— Accelerating Academic Skills ——

3.(a) Attempts to make y the subject Ml
States —% or exact equivalent Al
(2)
(b) Uses perpendicular gradients rule= gradient /, :é Ml
Forms equation of /, using (6,-2) y+2= "g"(.r -6) Ml
y= ix -12 Al
3
3)
(5 marks)
Eg Coordinates of two points on the line (0,1.4) and (1,0.8)
Alt1(a) Gradient % MI
Al
Gradient = —0.6
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——— Accelerating Academic Skills —

3
6.(a) | Attempts to find the gradient of 3x—-4y+20=0=y =Zx+5 Ml
Equation [3 is y—0 :"%"(x—S):3x—4y—24:0 oe M1, Al
3
20
(b) P:(—?,O),Q:(O,S) Bl
20 220
Area PORS = PRXOQ:(S—I—"?"]X"S":T MI, Al
3
= 8 20 4
(c) QR:[_S}:b'S:(?JrS,OSJ:(E.S] MI, Al
)
(8 marks)
Alt(c) Solve their y :"ix—ﬁ" with their "y :—z[x+£]"
' 4 : 8 3
i.r—6:—§(x+£]:>£x:£:>x:... MI1
4 8 3 8 6
sz[i,_sj Al
3
2)
8(a) Ec:)r decimal equivalent Bl
1)
(b) |I2IY
m, =—1+"— M1
5
y+2 :“—%"(.\1—6) M1
y=—Jx+13 Al
3
(© iz D22 'ﬁ':,\-:...(:@
5 10 5
or
7 2 26 29 87 M
||_1/__ll_'! —'l, +_'l " b 'l_ll ”:>'1/ — (: 3)
2 5 5 10 10
x="4"—m y=..0r p="3"=>x=.. dM1
(4.3) Al
3)
(d) (ggg) B1BI
2)
Total 9
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naturalsciencesolution
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6(a)
211 _11-2
Eg m= 2 or m—i_8 M1
3
m =—Z Al
(2)
(b) 13
Mis (2-, 7} Bl
3
m, =— an_=mn M1
' 4
"13" "4" n "
y- -3 (x="2") Ml
8x—6y+23=0 Al
4)
(c) _ 2 2, 2 2 2,
ABf\/(—4—8) +(11-2)"(=15) or AB*> =(—4-8) +(11-2) (=225) M1 —
1 75 )
—xMCxAB=375=MC=— (=5) or MC" =25
2 15 M1 —
m, :i.MC:S::» Cis("2"—3, 1—3— -4 | or ("2"+3~ E +4J dM1
T3 2 2 -
(-1, 2.5) or (5, 10.5) or x=—1, x=5 or y=25, y=10.5 Al
(-1 2.5) and (5, 10.5) Al
(3)
(11 marks)
5 2
(@) 3y—-2x=30= m:E B1
y:—%(x—24), y:—%x+36, 2y +3x=72, ;’__221:—% M1 Alft
Full method to find one co-ordinate of P E.g. Solves %x +10= —%(x —24) M1
Coordinates of P (12,18) Al
(8]
(b) L I Y _ M1
y=0,3y-2x=30=x=... (B1 on EPEN)
AreaBPA=%x(24+"15")x"18":351 dMI1 Al cso
3)
(8 marks)
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Sine and cosine laws/rules:
1.

TOPIC 2: GEOMETRY

naturalsciencesolution

—— Accelerating Academic Skills ——

sinZACB sin35
Attempts =
7.(2) 6.5 4.7 Ml
ZACB =awrt(52 or 53)° or awrt(1270r128)° Al
ZACB =127.5° Al
3)
(4AC) 6.5 _ 47
(b) g sin"17.5°"  sin"127.5°" o sin35° M
[ _(CD) =— LA (CD):...:>(AC)+(CD)}=awrt 8.2 Al
sin"75°"  sin"127.5°"
Total length of wood =8.1+6.5+4.7+4.7 =awrt24.1 | Al
(3)
(6 marks)
cos35=AC +65 —47 e ~13c08(35)AC+20.16=0= AC =....
2x6.5x AC
Altl(a)
"AC"™+4.7° -6.5°
cos ZACB = oe Mi
2x"AC"x 4.7
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3(a)
(2\/5) = p*+q*>—2pgqcos60° oe Ml
P +q’ -pg=8 * Al
(2)
(b)
g=p+2=8=p +("p+2") - p("p+2") Mi
P +2p—4=0 or ¢ -2¢-4=0 Al
—2+,/22 —4x1x(-4) 2i\/(—2)2—4x1x(—4) Ml
p= or q=
2 2
B1
p=—l+\/§ or q=l+\/§ (Al on
EPEN)
p=—1+\/§and q=l+x/§ only Alcso
)
(c) l AYdL L] -
Area:Ex("—1+J§')( 1++/5 ") x sin 60° .
Area= 43 (m?) Al
2)
Alt(a) Forming a line BX which is perpendicular to AC where X is on the line 4C.
AX:pcosé():%
BX = pl—(g} zgp or BX = psin60
\/3 ' ’ 2 . 2 ’ 2
{7;) +(q—§} =(2\5] or (p51n60) +(q—§} =(2\/5) M1
3p° o »’
——+q — pg+—=8
FRRE A < At
P +q —pg=8 * Al*
(9 marks)
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naturalsciencesolution
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2(a) AB=21cm, BC=13cm, Z/BAC =25°, /ACB = x°
sinx®  sin25°
= 0. M1
21 13
sinx®=0.6827 (awrt) Al
(2)
(b) sin”' (0.6827) =...(43.05°) M1
(AC< AB so Z/ABC < Z/ACB so) required angle is 180°—sin'(0.6827) =... M1
So x=awrt 136.95 Al
3)
(5 marks)
4.(a) | ArcaABCDis40 cm® = 40=6x10xsind  oc M1
Sin9=§:>92180°—4l.8° M1
£ZDAB =awrt 138.19° Al
3)
(b) | Attempts DB* =10°+6° —2x10x6c0s"138.19°" Ml
DB =awrt15.0 (cm) Al
2
(5 marks)
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Arc length and sector:

1.
10. (a) | Correct equations %f'zﬁ—& 2r+rf =10 B1 Bl
Eliminates r = 10 il 10 =6 Ml
2+60 2\2+40
=500 =6(4+40+6")= 30°-130+12=0 * | Al*
(4)
4
(b) (3974)(973):0:>9=§,3 Bl
4
:9:5,,*':3 d=3,r=2 M1 Al
(3)
(7 marks)
2.
4 (a) States or uses cos 40D = % = angle 40D =1.231* M1 Al1*
(2)
(b) | Attempts 1,29 with r=12 and 8=z +1.2310r 1.231 M1
2
Attempts arca AOD = %x"4"X\/122—"4"2 oe (22.627..) M
Attempts sector — triangle = L x(ﬂ'+l.23l)—lx"4"x 122 -4
2 2
(314.8...) — (22.627...) ddM1
or
Attempts circle-sector-triangle
712 —%xlzl x(fr—l.ZSl)—%x"él"x 127 —n4q?
452.38... - 137.562.... - 22.627......
=awrt 292.2 (m?) Al
4)
(¢) | Attempts s =6 with r=12 and 8 =7 +1.2310r 1.231 M1
Attempts P=16++12*—4* +12(7z +1.231) oe dM1
= awrt 79.8 (m) Al
3
(9 marks)
AD=~12"-4* =82
Alt(a 2447 - 2 ' MI1AL*
=) cos AOD = 12 +4 (8\5) = angle AOD = cos ' 1 =1.231
2x12x4 3
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5 (a)

(b)

(©)

Attempts the sine rule 51;14(1 . 2-43

= a.=1.337 (radians) Accept awrt 1.33/1.34 or awrt 76.6/76.7 (°)

angle AOD = 7 —1.337 =awrt1.805 (radians)

Attempts s =r@ with » =6 and an allowable @

Arc length ABC = awrt 26.9 m

Attempts %rzﬁ with 7 =6 and an allowable @ in radians (= 80.6)

Attempts area AOD = %x6x 14xsin("0.91") oe (=33.1)

Attempts sector + triangle with correct attempt at angles

=113.7 (m?)

Ml

Al

Al

M1

Al

Ml

M1

dM1

Al

3

2

4)
(9 marks)
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\% ﬂ»;\" 3

(

5(a)

ZBOD =7 -2%0.7=1.742%

B1*

()]

(b)

Areaof BOD = %x 3*sinl1.742 (=awrt 4.43)

M1

Area of R is:
lxsf x1.742 —l><32 sin1.742
2 2
or

1 , 1 - 1 ;
—XA%3 ——x3"s8in1.742 -2 x—x3" x0.7
2 2 2

dM1

=awrt 3.4 (m?)

Al

3)

()

BD =+/3* +3* —2x3x3cos1.742 (= awrt 4.59)

or

BD =2><3sin(1'742]

or
BD =2x3c0s0.7
or

3sinl.742

. (;’T—].742J
sin| ————
2

or
arc BCD = 3x1.742 (=5.226)

BD =

M1

Perimeter of R is:

3x1.742+"BD"

dM1

=awrt 9.8 (m)

Al

3)

Total 7
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7.(a) Attempts to use %rgé’ with =6 and any allowable angle @ Mi1
Full method to find area % x6 x (27 —O.?) or 7x6 —% x6 x0.7 MI1
=100.5 cm? (awrt) Al
_ _ 3)
(b) | Attempts 2= iAD O _sin07 _ Gn/4D0=0.77... M1 Al
LADO=2.258 (awrt) Al
3)
(© Attempts arc length ABC = 6x(27—0.7) 33.50 | M1
sin(z—0.7-"2.258" in0.
Attempts length OD ( ) = sin0.7 = 0D=.. 1.42 | M1
oD
Full method to find perimeter = "33.50"+5+ 6—"1.42" ddM1
=43.1 cm Al
)
(10 marks)
Alt (¢) Alternative for arc length ABC =127—-6x0.7 %8
Alternative for finding OD using the cosine rule
OD’ =6 +5" —2x6x5cos(7—0.7—"2.258") = OD Ml
Solutions where candidate changes to degrees
Look for angle AOD = awrt 40° to score M marks
7.(a) Attempts to use 3;;) frrz with » =6 and angle & =awrt 40 or 320 Ml
(360—awrt 40) > > awrt40 o
> 7 - M1
Full method to find area 360 X6 or rx6 360 x 76
=100.5cm? (awrt) Al
3)
in ZADO  sin40° .
(b) | Attempts —— — = S . sin/4DO=0.77.. M1 Al
ZADO=129.4° (awrt) Al
3)
(©) 36040
Attempts arc length ABC = % x 276 33.50 Ml
sin(180—40-"129.4" in40
Attempts length OD ( ) T L oD=.. 142 M1
oD
Full method to find perimeter = "33.50"+5+ 6—"1.42" ddM1
=43.1 cm Al
4)
(10 marks)
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@

(

8(a) With @ being the angle subtended by arc 4B
and ¢ being the angle subtended by arc CD
15=9><9:>9=§=(1.67) M1
Therefore ¢ = 2?” —% =(0.42717...) dMm1
2 5
So length of arc CD = 84 x 373 =35.929...=359cm (1 d.p.)* CSO Al*
3)
(b) Perimeter =3x(15+35.9...)+6x(84-9) M1
=awrt 603 cm  (602.787...) Al
(2)
(C) ) l 2 " 2}? _ 5 "
FOR EXAMPLE Area of a “blade” is 3 x 84" x =awrt (1510) M1
1 ., "Amn
Area of sector of inner circle between “blades™ is 5 x 97 x 5 =(67.5) d:fil
1 5 " 2 S n ] 5 " S "
Total area is 3| —x 84~ x L2 +—x9"x — |= ...(4729.577764cm2) ddM1
2 3 3 2 3
So area is awrt 0.473 m” or awrt 4730 cm’ Al
(3)
(10 marks)
1.(a) SetS%?‘2X1.25:15:>J‘2 =24 MI
= r=+24 or 24/6 (only) Al
(2)
(b) | Attempts s =r0 = 24/6x1.25 MI
Attempts P =2r+r0 =2x26 + 26 x1.25 dM1
13+/6
= J_ oe Al
2
3
(5 marks)
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y=3x+4=>x +(3Jc+4)2 +6x—4(3x+4)=4

or
s_4 s_4 2 ” .‘—4
NN P +_v~+6[-‘_)_4y:4
3 3 3

5x" +9x-2(=0) or 5’ ~13y-46 (=0)

(x=1)(x+2)=0=x=... or (5y-23)(y+2)=0=>y=...

x=02, x=-2 or y=4.6, y=-2

Substitutes their x into their y = 3x + 4 / Substitutes their y into their x = Y

x=0.2 orl , y=4.6 (:znl‘ﬂfzor2
5) ° 5 5

and

3

M1 —

MIAT1

dM1 —

Bl

Ml

Al

(7 marks)
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9.
7-@) OB’ =0.6 +14° —2x0.6x1.4c0s2= OB =... or OB =.. Ml
OB =1.738 Al
sin AOB sin 2
o = 3gs = AOB=0.822
ore.g. dM1
sin ABO sin 2
e~ 73 = ABO=0319..5 40B =n-2-0319...
0=2xA0B=2x0.822=1.64% Al*
4)
(b) Attempts 0.6 x @ with @ =27 —-1.64 or a=7—1.64
or Ml
Attempts 2xx0.6—0.6x1.64
0.6x(2n—1.64)+2.8=5.6m Al
(2)
(c) 1 2 )
Altempts Exo.é xa witha=2x—-1.64 or a=n-1.64
or Ml
Attempts 1x0.6" —%x0.63 x1.64
Attempts 0.6 x1.4sin2 Ml
Full method %xﬂ.t‘i2 ><(2Tt—1.64)+ 0.6x1.4sin2=1.6m’ ddM1 A1
4)
(10 marks)
10.
8(a)() 23__2_:: 4n Bl
3 3
l 2 2
Area of sector :§x3‘ X"E}‘T" =6xr (m°) MI1ALl
Length of arc :3x"i;r":> Perimeter =47+ 6 (m) MIAI
(ii)
(5)
(b) | 2 9
§x3‘xsin(§ﬁ]—i (m MIAI
(2)
©) Eg AB* =37 +3*-2x3x3 2 AB* =27 AB—}\E ) *
g =3+ —xxxcosgrr::» =27T= = (m MIAT*
(2)
@ sin(Ej
SBAC __ \6) . GnBAC=...or BAC=... M
8 33
sin BAC:awrt$ or BAC =awrt 0.88 (0.8785...) Al
Area ABC= %x3\/§ x8xsin(fr—%—"0.88") (=20.4896....) M
Total area = "18.8"+"3.90"+"20.5" ‘%1
= awrt 43 (m?)
(&)
(14 marks)
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TOPIC 3: Calculus (differentiation/integration)

Differentiation, gradient, and equations of lines:

naturalsciencesolution

Accelerating Academic Skills ——

1.
1. (a) _v=2x3—5x3—i+7:>ﬂ:6x2—10x+ 37 MI Al Al
2x dx 2x°
3)
1
(b) X:E:>y:3 Bl
: . dy ) 3 3
Substitutes x =l into their — = 6x° —10x+—,:...(=—J Ml
2 X 2x" 2
: : 5 2
Uses the perpendicular gradient rule Eg. 5 — = dM1
. 2 1
Attempts the equation of the normal at P y -3 = 3 x—E Ml
2x+5y—-16=0 oe Al
)
(8 marks)
2.
dy 1 ) N -2
1.(a —=—x3x"-24x—-—x? M1
= dr 8 " 2"
dy 3, -3
£=§X‘+12x : AT Al
3)
dy 3 -2
—| ==x4 +12x4 2 =(7.5
® |5 7§ x4 2 =(75) M1
v+3=75(x-4)= y=7.5x-33 M1 Al
3)
(6 marks)
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®
\;‘*ﬁ:,

1(a)
d\ . 1 —% _
a— WX X T HLX M1
(EZJ 2. 5 8.2 AlA1AL
dx
)
(b) dy 2 o S S
—_ :fl_flx4_"2fl>(4 3 _fl_“>(4 & ——
3 3 4 Ml
9,4 M1
4 9
'1),_3:.._&..(",_4) dM1
9
4x+9y-43=0 Al
(C))
(8 marks)
dy 1
5.(a) E}:_‘ 12x 2 MIA1 Al
3
dy | 1
— ==x4"+2x—=(9
® |G =3 7 (9) Ml
Gradient of normal is —% dM1
11 1
_1r—?:—§(x—4):>x+9_v—37=0 M1 Al
4)
(7 marks)
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8(a) y=(x=2)(x —8x+16)= y=x" -8’ +16x—2x* +16x—-32 =
Ml
y=x'+.x +.x+32
=x —10x" +32x-32 Al
dy . o MIAT*
—=3x"—-20x+32%
dx
#)
(b) x=6=y=(6-2)(6-4) =16
Bl
dy 2 Bl
—=3(6) —20(6)+32=20
y="16"="20"(x-6) Ml
y =20x-104 Al
“)
(c)
3x* —20x+32="20"=3x"—20x+12=0 MI
367 —20x+12=0= (3x—2)(x—6)=0 = x=... dml
P Al
3)
(11 marks)
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1(a)
dy 5 5
E— +. . X+..X M1
(d_y:J 2.1«73—2.75—1?'.7(2 AlAl
dx 4
3)
(b)
dy 3., 2 21
—=1=(2)-22)-172) " =——
(dx L( P -22)-172)7 == M
_,_E:"_a"(x_z) dMlI
2 4
2lx+4y—68=0 Al
3
(6 marks)
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7.
4 +9 4x 9 3 9 -3
9. Y = =% 4 2x 2 M1 Al
Wl  2x 2x 2
dy =
[—“—zj 3x2——x? Ml Al
dx 4
d =92 41 53 3
9 3x3——x3=0:>x'=—:>x=£ M1 Al
dx 4 4 D
(6)
(6 marks)
Alt(I) | Quotient rule
-
u:4.1c2+9,u'=8x.v=2x/;,v'=x2 MIAI
9.
(d_y_) 2\/;x8x—(4x2+9)xx 2 MIAT
dx 4x
L
(Q:J 24/x x8x — (4x +9)xx 2 zoszzgszﬁ MIAI
dx 4x 2
Alt(IT) | Product rule
VL {2
u:4x2+9,u'=8x.v=5x 2 yl=—x? MI1A1
3 1
(d_y:) @249k 5 T gen 4G MIAI
dx 4 2
R L MIAI
(ﬂz 2/x x8x —(4x> +9)x x 2 =0:>x2=_:x:£
dx 4x 4 2
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8.
6.(2) | f'(x)=5x >—40 MIALI
Attempts 5x 2 —40=0=>x =.. MI
x =4 Al cao
4)
" 15 3
Mb) | T (.r):Tx-:S Ml
: 4
=xl=.=x=." r:; MI Al
(3)
(7 marks)
9.
7. (a) 2x —3\/;— 5=9=2x —3\/._ —14 =0 and treats as quadratic equation M1
7
= (2vx=7)(Vx+2) = 0= (Vx =) 5.(-2) Al
2
éx:(lJ :ﬂ dM1 Al
2 4
4)
(b) (f'(x)=) 2—=x 2 Bl
3
(f"(x)=) =x ? MI1 Al
3 - - 1
Attemptsz.r-:6:>x~:8:>,\:z dM1 Al
(5)
(9 marks)
10.
2.
y=3x5+4x-‘—x+5:{%:Jlsxulzf—1 M1 Al
X
15x* +12x —1=2=15x" +12x" -3=0 dm1
=35x" -D)(x* +1)=0 o.e ddM1
:}X:i% 0.e. Al
(&)
(5 marks)
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11.
|
10 (a) P:(_E"OJ Bl
0}
(b) | f(x)=(x-4)(2x+1) = f(x)=ax +bx’ +cx+d M1
=4x —12x —15x—4 oe Al
f(x) =12x" —24x—15 dM1 Al
“4)
(© | Attempts f'(2.5)=12x2.5 —24x2.5-15=0 MIAI
Finds y coordinate for x=2.5 y =-54 Al
3)
(d) a:—;,(+)4 Bl, Bl
(2)
(10 marks)
12.
dy
7.(a) Attempts e 4xat x=2 Ml
At x =2 gradient of tangent =8 Al
(2)
®) | (vp=) 2(2+h) +5 BI
. their y, —13
Gradient PQ = ——— M1
24+h-2
(_8h+2h‘):8+2h Al
h
3)
(¢) | States as » — 0 Gradient PO — 8 = Gradient of tangent Bl
(1)
(6 marks)
13.
dy _
3.(a) Attempts o 2x+3at x=3 M1
At x =3 gradient of tangent =9 Al
(2)
® 1 (3, =) G+hy +3G+h) -2 Bl
3+h) +33+h)-2-16 h+h’
Gradient PQ:( ) +3( ) =———=9+h M1 Al
3+h-3 h
3
(¢) | States as # — 0 Gradient PQ — 9 = Gradient of tangent Bl
1)
(6 marks)
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14.
0@ d_ 6.2 5 M1
dx 7 7 2 Al
(2)
2
b
®) At x:—z, d—y=é(—z] +2(—z]—§=...(=7) M1
2 de 7\ 2 7\ 2) 2
So at B we know d—y:"—%" M1
6 , 2 5 1
hence —x"+=x—=—=—— — dM1
7 2 7
=12x" +4x-35=-2=12x" +4x-33=0* Al*
4)
(©) E.g [12x° +4x—33=0:>(2x—3)(6x+11)=0:>xz... M1
From graph we can see the x coordinate is positive, so x =% at B Al
(2)
1
(@ Equation of / is y="—?"x—l M1
3 3 ? n ]' " 7 ]'
Finds coordinates of 4 x=—== y="-="x———1=| —— dM1
2 7 2 2
Substitutes x = —%,y = "—%" into y :%f +lx2 —§x+k =k=.. ddM1
f«(:g CSO Al
4
4)
(12 marks)
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8 ., 1 L 8 x' 1 1
—x —=x?1-5|dt=—x——=x2x2-5x+c¢ MI Al
J.(?) 2 ) 3 4 2
2 4 3
:E.r —x!=5x+c Al Al
(4 marks)
8x° 2 1 8&* 2 1
—— 1 |dx=—x —Zx—x =X
5 3x 4 5 3 -3 M1 Al
2., 2 4
— X 4+—x —x+c¢ Al Al
5 9
“@
Total 4
4’11 4x 1 2 =3
X X 2 2
= -+ :2x +—=X MlAl
NES N N 2
2 4 5 1
Ax 4+l e 2 e MI Al Al
2Jx 5
(5 marks)
3 1
2 2 _ 1 L
J-3x 15x° +2x 10dr:j£x—£+lx3—£x 2 dx MIAIA1
ax 47 4 27 2
xu_)xu-%—l dMl
3 —
Ef—£.‘(+lx2 -5x2+C AlAl
8 4 3
(6 marks)
3 '0 .4 '—]
10x° +6x° == dv = 10x 2= + 6x 2 —3x X (+¢). Ml
x° 6 4 -1 Al
6 4
:5.‘( +3i+é+c AlA1l
3 2 x
)
(4 marks)
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1. 13 ¢! =
12x + ——dx =12+ X 2x2 — X Ml
6x  2x 4 6 2 3
:3x4+lx%+lx-3+c AlA1A1AL
3 2
(5)
(5 marks)
2(a)
a=2 Bl
b=-3 Bl
2)
(b)
2x* —3x% -32x-15 22 332 3 —
Any two term of dr=]|=x?—-=x?——=; 2 dx
y j SJ; IS 5 5 MIAI1
xn_)xu+| Ml
4 1 6 2 64 : 6 . .
— X ——Xx"——x"—0x" tc
35 25 | AlTAl
3)
(7 marks)
} . ody = 10
12.(a) | Substitutes X=4 in 3:3.\:\/?—10,\- P =32 =19 M1Al
Attempts (y—(=2))="19"x(x—4)= y=19x—-78 MI1A1 cao
4)
3 1 6 3 !
(b) f'(x)=3x>—-10x ? :>f(.\‘):§x3 —20x% +c¢ MI1 Al Al
x=4f(x)=—2=
-2=384-40+c=>c=..(-04) Ml
6 3 !
[f(x) :] gxf —-20x2-04 Al cso
S)
(9 marks)
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R
&5

(adl

9.
201 _2x 1 X7
1. J.Ex 2x_‘+5d.):—3 7 3 _2+5x+c M1 Al
1, -2
:gx +—x"+5x+cC Al Al
(4 marks)
10.
11 (a) | Gradient of normal = 1 B1
4
Equation of normal (}=+50):"i"(_r_4):;,y:ix—51 M1 Al
3)
6 - = 1
b f'"@)=) ——+x=6x 24+x=>f'(x)=—12x 2 +—x"+k MI Al
() | ("™ =) \/F 5
Substitutes x =4, f'(x)=—4=k =—-6 dMI1 Al
1 1
r 4 l 7 — l
(f'(x)=) —12x 2 +5x‘ 6= (f(x)=) —24x +gx3 —bx+d dM1 Alft
- 34
Substitutes x =4, f(x)=-50=>d =3 dddM1
1
s 1 34
(f(x)=)=-24x" +—x" —bx+— Al
6 3
®
(11 marks)
11.
3x+2) 9y I
9. (i) (3x+2)" o« +12x44 9 3 .3 3 -
4x 4Jx 4
3x+2) 5 3 ! ER B
udxzzxg.\'? +£><3x2 +2><3<:3(+r:):i.7€2 +2x%+2x2+c | dMI Al Al Al
4/x 54 3 10
()
(ii) f'(x)=x"+ax+b
Attempts to use f'(3)=2= 2=943a+b M1
Attempts to integrate (f(x)=) %f +%ax2 +bx+c M1
Attempts to use y intercept =—8 and (3,—2) in f(x):%.\rJ +%ax2 +bx+c | dMI
Correct equation in @ and b —2:9+%a+3b—8 Al
Solves simultaneously to get values for @ and b ddM1
a=-4,b=5= (f(x)=) %x3—2x2+5x—8 Al
(6)
(11 marks)
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12.
6(a)(i) 4+3)
vodm () =B 9 6 s) BI
44 8
ii
( ) '}’—20:"%"(1'—4) MI1ALft
49x—8y—36=0 Al
“)
(b) I 2
f,(x):(xf/_) _x +3£+9
i X+ X XX M1
X N 6x N 9
xx xfx oxfx 7
=xi+6x 49y Al
(f(x):)%A‘%+l2x%—18x'é+c dAT,il
20:%(4)3+12(4)118(4)'*+c:>c=... Ml
(f(x):)Ex%+l2x%—18x'%—l Al
3 3
()]
Total 11
13.
: L 8 (35
8.(a) | Substitutes x=4 in f'(4)=4x2-2~- ==| — M1
3x4 \ 6
Attempts to find the gradient of the perpendicular = —% dM1
Attempts the normal y—]:—3—65><(x—4):>6x+35y—59:0 MI1AI
4)
1 3
. 3 8 8 3 8
(b) | f(x)=4x" -2—-—=>f(x)=xx —2x+—(+¢) M1 Al Al
3.‘(‘_ 3 3x
8 2
x=4,f(x)=1= 1:§X8—8+§+C:>C:...(—13) dM1
3
8 3 8
==X - C —_—— A].
fi(x) 37X 2.x+3x 13
3
(9 marks)
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@

(

14.
! L
@) f(x)=2x2+Ax " +3=>f"(x)=..x? ] +—.x M1
1 2 3
:>f"(x):2x—5x 24 2Ax 7 =—x 2 =24x" Al
3
f'(4)=0=—4 2 —24x4° =0 4=... ami
1 24
————=0=24=-4 Al
8 64
)
(b) 1 —t 241
f= |2 e a3 =2 A axe) M1
T 24
;A
=4x* ——+3x(+c) Alft
x
f(12)=8/3 = 12—%+36+c:8\/§:>c:... ami
-+ 109 A
C=8J§—4'\/E—36——=—— or follow through ¢ =——-36 Alft
12 3 12
1
So (f(x))=4x> £33, 710 Al
X 3
©)
(9 marks)
15.
32 28
11. (a) | Attempts y—?:S(x—4):>y:5x—? MI Al
(2)
4 i
(b) |f"(x)= —=-3=1"(x)=82-3x+k Ml Al
Jx
Substitutes x =4, f'(x)=5=k=1 dM1 Al
| 3
f’(’x)=8x5—3x+1:>f(x)=%x5—3x2+x+d dM1 Al
32
Substitutes x =4, f(x) :T:> d=-12 ddM1
3
16 3 3 »
-y __ _ Al
f(x) 3% 3% +x-12
(8)
(10 marks)
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®
\;‘*ﬁ:,

16.
9
21x3—5x_ax%+ op 217 —5x _ 4 prt
2\/; ass 2J; e o Ml
27 21 2 2 5 2 ' 5 '
—x - x =X +=x=x7 (+¢) =9x’ —3x° +=x7 (+¢) MIAIAL
3 2 7 2 3 3
z 2 dM1
f(9)=10= 9(9)"—3(9)4%(9)3+c=10:c=...
3 1.5 3
(f(x) z) 9x° —3x? +§x- -35 Al
(6 marks)
17.
10(a) ! 2 ol
f'(X)=ax—12x" =>f"(x)=a—4x ~
Sets f”(2?):0:>0:a—4><$ :>a:% Ml Al
3)
(b) - | 2 4
f'(x)=ax—12x" =(f(x) :)Eax -9x" +c MI Alft
Substitutes x=1,f(x)=—8=c=... dM1
4
2% 3.7
(f(x):)ax ~9x g Al
4)
(7 marks)
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18.
5(a) 1oy
f(x)=12x 2+ 24
3
o
Oneof x 2 5 x2, 4> —4x, x>’ M1
1oy L2
f(x):jlzx P dde= 240t £ oo —dxke AlAI
1 2
8=24(9)3+Q—4(9)+c:>c=...
6 dMm1
] o]
5 X 83
(f(.\')Z) 24.¥“+€—4X—? Al
&)
(b)
12 9
9 =—=+2-4 (=3
9) 53 (=3) M
3,1 dMm1
y—8="—l"(0—9) Ml
3
(0,11) Al
4
(9 marks)
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19.
6(a)
32 5
£/(8) =——+3-28 (:——]
® =38 6 Ml
5
y—2="-Z"(x-8) dM1
6
5 26
y=——X+— i
6 3
(&)
(b)
1
£'(x) = 32, +3-2¢x = a2 +3+..00
3x°
[
T ox!, 353y, X3’ M1
1 4
f(x)= ISB—Z.V" +3-2x%dx = —%x"l +3x—%x" +c AlA1
4
2:—£x8’l+3x8—2x83+c:>C:...
3 2 dM1
32 3210
f(x)=) —=x' +3x—=x3 +—
(f(x)=) 3 2 3 Al
(5)
(8 marks)
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TOPIC 4: Transformation and Trigonometry

Transformations:

1.
7(a) 4x-2x-9=72
p="72"-50 Ml
(p=)22 Al
(2)
(b) (g=)—4,2,45 B1BI1
(2)
(c)
fx)=(x+4)(x-2)(2x-9)
R , M1
f(x) :(x* +2x—8)(2x—9) =t x+.x ()
=2x" —5x" =34x (+72) Al
(f'(x)=) 65" —10x—34 MIALl
4)
(d) "6x> —10x—34"=—18
"6x2—le—16"—0:>x—...[—1, %] M
8
—l<x<§ dM1A1
3
Total 11
2.
5
10 (a) | f(x)<0= x < ~3 x=3 MI Al
)
) | £()=(2x+5)(x-3) :(2x+5)(x2 —6x+ 9) Ml
=2x —12x" +18x+5x —30x+45 Ml
=2x —7x —12x+45 Al
. 3)
(¢ | (@) P(0.45) Blft
(i1) Gradient= —12 Blft
(2)
@ | () g)=(2(x-2)+5)(x-2-3)" =(2x+1)(x-5)’ MI Al
(ii) 25 Bl
3)
(10 marks)
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5(i)(a)
B1 Horizontal translation <—
(0, 0) B1 Maximum at origin BIBI1BI
(=7,0) \/ Bl (-7,0)
(b)
1 B1 Reflection in y-axis
B1 Touches at (-2,0) and passes
(=2.0) (5.0) through (5,0) BIBIBI
AV}
. B1 Passes through (0,-3)
3)
(ii)a x:0:>y:kcos(%):\/§
k? =B=k=2 Bl
(b) b3 4z
(p )5 or (¢=) 3 Bl
T 4r
(p=)5 and (¢=)— Bl
3)
(9 marks)
4,
8 (a) States y =4 Bl
(1)
(b) States (16,9) only Bl
(1)
(© |k<4k=9 Bl, Bl
(2)
d@ | a=6 Bl
@) | y=f(x-3) Bl
(2)
(6 marks)
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10.(a) v
Shape for +ve x° | Bl
o] 3 5 *
! 3
Cuts x-axis at [Z,O} and meets at (5,0) B1
75 Crosses y-axis at (0,—75) BI
3)
(b)) | (x=) 3.20 Blft
i) | (p=)75 Bt
(2)
. 2 2 MI Al
© @) | (g(x)=) (4(x+1)-3)(x+1-5) =(4x+1)(x-4)
(i) | 16 Bl
3)
(8 marks)
4() K Correct shape, B1
translated down.
. Correct horizontal B1
asymptote labelled
Correct maximum
and minimum points B1
labelled
3)
(i) (-22) , Correct shape, B1
> reflected in y axis
v=1 | Correct horizontal B1
asymptote labelled
g A0 * Correct maximum
and minimum points B1
labelled.
3)
(6 marks)
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9(a) 4
& y=f(x)+3
y=1f(2x)
One correct sketch drawn and labelled correctly M1
One correct sketch drawn and labelled and with correct point Al
Completely correct sketches with both points Al
3)
(b) Sets Vx +3=+2x Bl
3=(V2-1)Vx M1
3 (V2+1)
Jx = x =3(v2+1) * Al*
(v2-1) (¥2+1) ( )
3)
© G=3(VZ+1)=2x=9(v2+1) =.. M1
= x=0(8+2V2), y=3v2+6 Al, Bl
3)
(9 marks)
7(a) -l<x<2 MIAL
x<—4,x>3 B1
3
(b) (x=) 1.5 Bl
(9]
©(@) of
(-3,6) (-2, 6) (4, 6) B1B1BI
(1. 6) ’
[ |
-3 s X -2 Bl
(ii)
(C))
(8 marks)

Naturalsciencesolution — Accelerating academic skills

Page 66 of 69


https://naturalsciencesolution.com/

Trigonometry and graphs:

naturalsciencesolution

——— Accelerating Academic Skills ——

1.
V4
5. (a) (—,—lj Bl Bl
2
(2)
(b) A
Sine curve thro' (0,0) with max/min of £1 | M1
3
\ / A |
N/ EERAREEENEN Fully correct | Al
(2)
(¢) | (i) 30 but follow through on 10x the number of their solutions 0 — 27 Blft
(i) 32 Bl
(2)
(6 marks)
2.
7. (@)G) | P=(90°3) M1, Al
(i) | O =(540°,0) Bl
3
(b) | (270°4) MI, Al
(2
(5 marks)
3.
3.(a)i) | P(-180,4) Bl. Bl
(i) | 0(450,0) Bl
3)
(b) | R(360,7) B1,BI
(2)
(5 marks)
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B1

1

y=3

Bl

eg x=30+5x180 or x=210+720 or x =180+2x360+30

M1

x=930

Al

3)

Total 4

9. (a)

(b)

(©

i
(i) 6x2=12
(i) 11

For y=1+siné@ | Bl

y=tan@ | Bl

Bl ft

B1 Bl

MI Al

(7 marks)

2

(2)

3)

9(a)

(i) 2P

B1

(i) —p

B1

(iii) 3-p

B1

3)

(b)

Correct shape, same
height starting at O,
scaling may be
incorrect.

Two repeats of the sinx
graph each side

M1

Al

(2)

(©)

For ng
2

B1

o —
Attempt at second root E.g. x = ISOTO!

M1

x=90°-%
2

Al

3)

(8 marks)
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9.(a) | 24z Bl
e}
(b) (187,-1) Bl1ft
@
() | 12r—-« B1 ft
(ii) | r—« B1 ft
2
(4 marks)
4.(a)(i) (90,-1) Bl Bl
(ii) 225 Bl
(3
(b) Oneof —l<p<0, p=1 Ml
Both —1< p<0, p=1 Al
(€))
(5 marks)
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