AS-Level
Topic: Calculus
May 2013-May 2023

Answer
Question 1
B
Jx
i 3
(i) d_y= e Bl needs both
M1 Subs x = 4 into dy/dx
= —4 whenx=4 M1 Must be using differential +
Eqn of BC y —0 = —%[x —4) Al correct form of line at B(4,0).
— C (1, 4%5) [4]
ii
) area under curve = j(-m - —X)
X
1
8xt . N
= e Bl Bl (both unsimplified)
2
Limits 1 to 4 — 8%
M1 Using correct limits.
Area under tangent = 2 x 414 x 3 = 6%
M1 Or could use calculus)
Shaded area = 134
Al (5]
Question 2
u=xy y+3x=9 M1 Expressing u in terms of |
] 5 - variable
u=x"(9-3x) m‘( ;y) ¥y
du du DMIAI Knowing to differentiate.
—=18— 92 or —=27— 12y +)7
dx dy
=0 whenx=2 ory=3 — u=12 DM Setting differential to 0.
Al
d2u DM1 Any valid method
—=18—18x —ve Al
dx” [7]




Question 3

%: J2x+5

3 5 = &,
2x+5) Bl B1 Everything without *“+2".
— % 2 (+o) Bl Bl %227
Uses(2,5) — c=—4 MI1 Al [4] | Uses point in an integral.

Question 4
y=4/l+4x
(i) Q: %{1+4_::)_:E x4 Bl Bl B1 Without “x4”. BI for “x4” even if first B
dx mark lost.
=2atB(0,1)
Gradient of normal = J—Vz M1 Use of nyn=—1
Equation y—1=—-%x M1 Al Correct method for egn.
(5]
(i) Atd x=—% | Bl
l 4 E Bl Bl ¥ u: ”‘ u: k&l -
jm&c _ (1+4x) " B1 Without the “+4". For “+4" even if first B
El mark lost.
o - Bl
Limits —%4to 0 — <
Area BOC=%x2x1 =1 BIY For 1+ his “1/6”.
5
— Shaded area = % g
Question 5
5
x)= s x=1
@) 1-3x
. —35
) f'@)= ———5 ®~ Bl Bl Bl without x —3. BI for x—3, even if first B
(1-3x) [2] | mark is incorrect
(ii) 15>0 and (1 - 3xp>0, f(x)>0 B14 " providing ( }? in denominator.
— increasing (1]
. 5 5
(iii) y = T —3x=1-— M1 Attempt to make x the subject.
. y Al Must be in terms of x.
4, ey 2 or Y 2
: 3x YTy
Range is > 1 Bl must be >
Domainis —2.5<x<0 Bl Bl condone <

[5]




Question 6

@ m’h=250r — h:lif
2
— S=2mhi2m’
500x

¥

iy B = SD?K
dr ro
=0 when ¥ =125

— 8§=150x

— S=2m’+

— Fr=35

d’s 10007

(i) — =47+

?_J-
This is positive — Minimum

Question 7

dv 6
ax x?
y=—06x
Uses(2,9) - c=12
y=—6x"+12

_]—|—C

Question 8
@) L=d-2y

Grad of tangent = 4
Eq. of tangentis y— 1 =—4(x—1)

5
—-B(-,0
(4 )

Grad of normal = %

Eq. of normalisy— 1 = %(x—l) %C(O,%}

12

iy AC2 =12 X

(ii) AC +[4}
17

4

(x-2)

(i) J(x—2)'dx= :

et

A=l><1><(t‘heiri—l)=l
2 4 8

l—l=i or 0.075

5 8 40

M1
M1
(2]
Bl Bl
M1
Al
[4]
M1
Al
(2]
Bl
Ml
Al
3]
B1
Ml
M1
Al
MI
Al
M1
Al
Bl
M1
M1
Al

Makes h the subject. " must be right

Ans given — check all formulae..

B1 for each term

Sets differential to 0 + attempt at soln

Any valid method.
2™ differential must be correct —no need for
numerical answer or correct r.

Integration only — unsimplified
Uses (2, 9) in an integral

Or 4x° —24x* +48x-32

Sub x = 1 into their derivative
Line thru (1, 1) and with m from deriv

Use of mym,=—1

[6]

2]

5
Or %—2x4+8x3—16x2+16x

Apply limits 1 — 2 for curve
5

Or J(-4x+5) dx= %

[4]



Question 9

(i) 3u+2—10:0
u

3w -10u+3=0=CGu-)u-3)=0

«/;:lor3
3
\/;zl or9
9
3 ot B
1'” = T G
(ii) (x)= 2 2x
AUc=l
9
"(x %(3)——(27)( -36) < 0 » Max
Atlx=9
30 3
f”(x) = E 5—5 E(_ —) >0— Min
3 1
(iii) fix)= 2x2 +6x2 —10x (+¢)

-7=16+12-40+¢
c=5

Question 10

2
f'(x) =(2x—5)*x2+1 or 24(;:—%} +1

>0 (allow=>)

Question 11

@) % [;(x4+4x+4 } x[ax? + 4]
Atx=0, d—y:lxlx4=(1)
dv 2 B

Equationisy—-2=x

x+2=vx*+4x+4=>(x+2)
=x4+4x+4

“-x'=0 oe

x=0,%+1

(ii)

5
(iii) (?r)|:x?+ 227 + 4x}

o]

117: 6.91) o

B1

M1
Al

Al

B1

MI1

Al

B2
Mi1
Al

B1B1

B1 +

BIBI

M1

Al

B1

Bl
B2.1,0

MIAl

DM1

Al

131

[4]

[4]

[4]

Or 3x—10yx +3=0
Or (3\/; - l)(\/;— 3) or apply formula

etc.

[4]

Allow anywhere

Valid method. Allow innac subs, even
1

3, -
3

Fully correct. No working, no marks.

13]

B1 for 2/3 terms correct. Allow in (i)
Sub (4, 7). ¢ must be present.

[4]

B1 for 3(2x—5)>, B1 for (x2+1)
SC B1 for 24x* — 120x + 151

Dep on k(2x — 5)* + ¢ (k> 0), (c= 0)
Subst of particular values 1s BO

Sub x = 0 and attempt eqn of line following
differentiation.

AG www

. 2
Attempt to integrate y~

Apply limits =1 — 0



Question 12
dy

E:—kz(x+2)‘3+l=0
x+2=+k
x=-2tk
&Y 2k (e 2)?
dxu
2
Whenx =-2 =k, d {:[E} which is (> 0) min
dx” \k
Whenx—-2—k, 37 =[2J Whileli'i5 (<. 0)
dx —k
max
Question 13
1
flx)=2x 2 +x(+c)
s=2xli4+e
2
c=2
Question 14
8
y=—+2x
X
d -8
) 2=——4i3
(i) 5
(- 6 at 4)
y_ ., I
dr dx ds
——0.24
64
(ii) Jy2= I—2+4x2+32
X
3
. e A O
X 5

Limits 2 to 5 used correctly
— 27127 or 852
(allow 271 or 851 to 852)

MIAL1

DM1
Al

Ml

M1

Al

Al

(8]

M1Al
Ml

Al
[4]

Attempt differentiation & set to zero

Attempt to solve
cao
Attempt to differentiate again

2

d’y

2

Sub their x value with k in it into

Only 1 of bracketed items needed for each

5

but flx); and x need to be correct.

ol

Attemptinteg x % or+x needed for M

Sub (4, 5). ¢ must be present

M1 Attempt at differentiation.
Al algebraic — unsimplified.
M1 Ignore notation — needs product of 0.04
Al :
4] and ‘his’ %
M1 Use of integral of y* (ignore )
A32.1 3 terms — —1 each error.
DM1 Uses correct limits correctly.
Al
[6] (omission of « loses last mark )



Question 15

(i) Sim triangles 16y - (or trig)

—y=12—¥x
A=xy=12x — x>

i L-5p-5%
dx 4

=0 whenx=8. — 4 =48.

This is a Maximum.
From —ve quadratic or 2nd differential.

Question 16

po 2
5x-6
@ L-2x—%f(5x-6) T x5
dx
. B
8
(ii) integral=m+5

1

2
Uses2t03 —24—-1.6=0.18

Question 17

(i) %’: [3(3—2x)2]>< [-2]

Atle,d—=—24
2 dx

1

-8=-24| x——

g [ 2}
y=-24x+20

4
(ii) Area under curve = {&} X {— l}
4 2

Area under tangent = _[(— 24x + 20)

= ‘ —12x* +20x ‘ or 7 (from trap)

201’1.125
8

Ml

Al
Al

[3]
Bl
M1 Al

Bl
[4]

B1 Bl
Bl

[3]
B1 Bl

M1 Al
[4]

B1B1
M1

DM1

Al

B1B1

M1
M1
Al

Al

[6]

Trig, similarity or eqn of line
(could also come from eqn of line)
ag — check working.

Sets to 0 + solution.

Can be deduced without any working.
Allow even if *48” incorrect.

B1 without “x5°. B1 For ‘x5’
Use of “‘uv’ or ‘u/v’ ok.

B1 without ‘+5°. B1 for ‘= 5°

Use of limits in an integral.

OR -54+72x-24x> B2,1,0

OR 27x-27x%+12x°> -2x* B2,1,0

Limits 0— 2 applied to integral with
intention of subtraction shown
or area trap ="2(20 + 8) x 4

Could be implied

Dep on both M marks




Question 18

(i) A=2xr+m? Bl
2x+ 22 =400 (= x=200-m) B1
A =400r — m? MI1Al Subst & simplify to AG (www)
[4]
(i) —=400-2mr B1 Differentiate
r
=0 M1 Set to zero and attempt to find
200
F=——00¢ Al
b4
x =0 = no straight sections AG Al
2
%=—27z (<0) Max B1 Dep on — 27, or use of other valid
[5] | reason
Question 19
Attempt integration M1
L 6 -
f(x)= 2(x+ 6)2 - —(+ c) AlAl Accept unsimplified terms
%
6
2(3)— §+ c=1 M1 Sub.x =3,y =1. c¢must be present
c=-3 Al
151
Question 20
pts of intersection 2 x+ I=—x*>+ 12x —20 MI1ALl Attempt at soln of sim eqns. co
— x=3.7
. , 1 .
Area of trapezium = 5(4)(7 +15)=44 MI1A1 Either method ok. co
(or [ (2x+1) dx from 3 to 7 = 44)
Area under curve =— %xi‘ 6 20x B2,1 —1 each term incorrect
Uses3to7 — (54%) DMI1 Correct use of limits (Dep 1% M1)
Shaded area = 10% Al co
[8]
OR
J.?[_ 2 +10x—21)= X 5221k Functions subtracted before integration
3
3
M1 subtraction, A1A1Al for integrated terms, Subtraction reversed allow A3AQ.
DMI1 correct use of limits, Al Limits reversed allow DM 1A0QO

Question 21



(i) 3x?y =288 yis the height Bl co
A4=2(3x2+xy + 3xy) Ml Considers at least 5 faces (y # x)
Sub fory — 4 =6x>+ 7T68 Al CO answer given
[3]
(ii) %:12;;—7% B1 co
=0 whenx=4 — 4=288. Allow (4,288) | M1 Al Sets differential to 0 + solution. co
2
((ilx—f=12+ 1?36 M1 Any valid method
(=36)>0 Minimum Al co www dep on correct {" and x =4
[5]
Question 22
dy 12
= P(2,14) Normal 3y +x =44
dx Jdx+a { } 2

(i) mofnormal = —% Bl co
Wy a=% Ml Al Use of mmy=—1. AG
dx m s¢ 0 m]mz W . J.

[3]

(ii) jy =12(4x +a)z + % =4 (+c) B1 B1 Correct without “+4. for “+4".
Uses (2, 14) M1 Uses in an integral only. Dep ‘¢’.
c=-10 Al co All 4 marks can be given in (i)

[4]
Question 23
= 13
fix) =
)= a3
— ™1 i, _15
@ tig= [2x+3f e Bl Bl Without the “x2”. For “x2”
(indep of 1*'B1).
()? always +ve — f'(x)<0
(No turning points) — therefore an inverse B1V ‘-."' providing ( )? in f'(x). -1 insuff.
[3]
(i) y= 2;13 —2x+3= 175 M1 Order of ops — allow sign error
15 3
N _, 15-3x Al co as function of x. Allow y= ...
2x
(Range) 0 <f'(x)< 6.
Allow 0=y=<6,[0.,6] Bl For range/domain ignore letters
(Domain) 1 =x= 5. Allow [1, 5] Bl unless range/domain not identified
[4]

Question 24




y=8—-+4-x
d 1 2 ‘
i) L=-——(4-x)2x-1 Bl BI Without (—1). For (x—1).
dx s
3
4 2l
[ydx =8x ( 3x)2 = 3 x Bl B1 for "8x" and +¢". B1 for all except
2 +—1). Bl for +H-1).
[5] (n.b. these 5 marks can be gained in(ii) or
(i) Eqn y-7=J}(x-3) (iii)
— y=Yux+5% MI1Al M1 unsimplified. Al as y=mx+c
2]
(iii) Area under curve =] from 0to 3 (58/3) M1 Use of limits —needs use ot “0”
Area under line = Y(5% + 7)x3 M1 Correct method
Or [%xz + %} from O to 3 M1 Al M1 Subtraction. Al co
[4]
8_75_7
3 4 12
Question 25
2
Lo
dx._
& _ . , o
= B orrect integration (ignore +c
| =x2—x +c Bl Correct integration ( +c)
=0whenx=3 — c=-6 M1 Al Uses a constant of integration. co
x> —x—6=0 whenx=—2 (or 3) Al Puts dy/dx to 0
ey f y=Yx*-Yx*-6x (+k) B1V/'BIv* W first 2 terms, ¥ for cx.
=—10 when x =3 M1 Correct method for &
— k=3%
—>y=10% Al Co-—10.8
8]
Question 26
@D »y= %x% —2x7+(c) oe B1B1 Attempt to integrate
2 16
3 ?_4'* & Ml Sub [4, %] Dependent on ¢ present
- Al
3 [4]
- L1 .1 =
(ii) o7 2 +ox T oe B1B1
2]
Y o1 =]
(ili) x*-x2=0-— IT =0 M1 Equate to zero and attempt to solve
X
x= Al
When x = 1, yz%—2——=—2 M1A1l Sub. their “1’ into their ‘y’
Whenx =1, d“;v (=1)>0 Hence minimum B1 Everything correct on final line. Also dep on
dx” [5] | correct (i1). Accept other valid methods




Question 27

%: {»zx 43x+1)7 ]x 3] B1B1 [-2 x 4u~] x [3] is BOB1 unless resolved
Whenx=-1, ¥3 B1
dx
Whenx=-1,y=1 soi B1 l
y—1=3x+1) (5y=3x+4) B1 Y Ft on their ‘3” only (not —5). Dep on diffn
[51
Question 28
1 2
(a) (i) (g+ b)i =2, (ga+b)? =16 B1B1 Ignore 2™ soln (-9, 17) throughout
a+b=8 9a+b=64 M1 Cube etc. & attempt to solve
Fe= =l Al Correct answers without any
’ working 0/4
] [4]
(i)) x=(7y+1)7 (x/y interchange as first or last | B14" ft on from their a, b or in terms of
step) a b
x*=7y+1 or y*=Tx+1 B1 ft on from their a, b or in terms of
a b
- 1 3 e = 3 =
f (x)=?(x - 1) cao B1 A function of x required
Domain of f™' is x=1 cao B1 Accept >.  Must be x
[4]
dy |1 > 2
) —=|—(7x +1) 3 |x|l4x B1Bl1
i
When x=3, d—y=1><(64)‘§><42 o M1
dx 3 8
d_y=d_yxﬁ=zxg DM1 Use chain rule
dd dx dr 8
5 Al
(3]

Question 29




() x-3vx+20rk>-3k+2o0r (3\/";)2 =(x+2)? M1 OR attempt to eliminate x eg sub
2
N
9
Vx=lor2 or k=lor2 or x’-5x+4(=0) |A1 y* =9y +18=0
x=lor4 Al y=3or6
[4]
1 .
(i) _[33‘_ dx — [ J.(JC + 2) dx or attempt at ﬁ'aPEZlum] MIDM1 | Attempt to integrate. Subtract at
2 some stage
3 1 1 ,
2x§ - {[Exz + ZxJor E(y2 + 1 sz —xl)} AlAl Where (xl,yl ), (xz,yz) 1s their
(1,3),(4,6)
(16 —2)— {(8 +8)—[l+ 2}} ortheir L x9x3| | DM1 Apply their 1—4 limits correctly
2 2 to curve
1 Al For A mark allow reverse subtn—
2 o1
(6] —— —— but not reversed limits
OR 22
_ yz
j{y - 2) dy or attempt at tra,p] - I? dy MIDM1
—1y2—2yorl(x +35 s =y ) |- == AlAl
B S 1T X2 2 = 27
(18-12)- [41 _ 6J or lx 5 3} _ [g - ]] DM1 Apply their 3—6 limits correctly
L 2 2 to curve
1 Al
2
Question 30
(i) Minimum since £ "(3) (=4/3) >0 www B1
1]
(i) f'(x)=-18x7 (+c¢) Bl
0=-2+c M1 Sub f’(3) = 0. (dep ¢ present)
c=2 (—) f’(x)z —~18x7% + 2) Al ¢ = 2 sufficient at this stage
f(x)=18x"" +2x(+ k) B14B14' | Allow cx at this stage
T=6+6+Fk M1 Sub f(3) = 3 (k present & numeric
k=-5- (f(,\‘.) =18x" + 2.r—5) cao Al {orno)c)
[71




Question 31
H (Bx-2)+1

f'(x)=9x* -12x+5
= their (3x - 2)* +1
>0 (or = 1) hence an increasing function

(ii)

Question 32
dy 24
de X
(i) (Ifx=2)it’s negative — Max

dy =)

(ii) (—:J—lzx —4x +(A4)
dx

=0 whenx =2

— A=11

(=) 12x" —2x2+ Ax + (¢)

y=13whenx=1 — ¢=-8
(Ifx=2)y=12

Question 33

y=x+ax’+ bx

=3x>+2ax+b

-
(1)dx

(i) p’—4dac=4a>—12b(<0)

— @< 3b

(iii) y=x*—6x*+9%

d
Y 3 12%+9<0

=0 whenx=1and3
— 1<x<3

B1B1B1 | For either of 1* 2 marks bracket
must be in the form (ax - b)2
except for
72
SCB2 for 9[:: _5} +1
K]
B1
\% §| Ft from (1). Some
Al reference/recognition
[3] | Allow > 1. Allow their 1 provided
positive.
Allow a complete alt method (2/2
or 0/2)
B1 WWW
[1]
B2,1.0 oe one per term
Ml Attempt at the constant 4 after [n
Al co
[4]
B2.1.0 ¥ | oe Doesn’t need +c, but does need a term 4
to give “Ax”.
M1 Attempt at ¢ after n
Al co
[4]
Bl co
S , - dy
M1 Use of discriminant on their quadratic a
or other valid method
Al CO — answer given
[3]
M1 Attempt at differentiation
Al co
Al condone <
[3]




Question 34

12
3-2x

y:

(i) Differential = —12(3 —2x) > x 2

dy dy dx
@ L= % _ga:015
dc dr  dr
24 8
B-29" 3

— x=0o0r3

Question 35

Vol =(7) Ix’dy=(m) [(y=1)dy

(y-1°

SIS
Integralis —y~ —y or
2 2

Limits fory are 1 to 5

— 8w or 25.1(AWRT)

Question 36

. 1 dy
1 F =(4 1)2 =
@ | For y=(4x+1)*, =

%(4x+1)_15 }[4]

2

When x = 2, gradient m, =2

dy

For y=%x3+], =x—>gradient m, =2
a=tan"' m,—tan"' m,

a=63.43-33.69=297 cao

3
2

(ii) (4x+1)

1
[(4x+1)2 dx= Mo

+[4]
L2 41)de=1x> +x

_[(2 ) 6

13_10

13
1

Ml
Al

Bl

Al

f(4x+1)%dx=g[27—1], f(%xz-i-l)dx =[8+2]

Bl B1 co co (even if 1st B mark lost)
(2]
M1 Chain rule used correctly (AEF)
. dy w BB
M1 Equates their Y with their = or =
dx 3 8
Al Al co co
[4]
Use of [x2? —not [y* — ignore
co
Sight of an integral sign with 1 and 5
co
[4] (no = max 3/4)
BIB1
B1 Ft from their derivative above
B1
M1
Al
(6]
BiB1
B1
M1 Apply limits 0 — 2 to at least the 1*
integral
M1 Subtract the integrals (at some stage)
Al
[6]




Question 37

(i) | '(2)=4—-1=1— gradientof normal=-2 BIM1
y—6=—2(x-2) AFEF AlY Ft from their £'(2)
131
@) | f(x)=x2+2(+c) BIBI
6=4+1+c=>c=1 MIAL | Sub (2, 6) — dependent on ¢ being present
[4]
(iii) 21’—%: 0=2x3-2=0 M1 Put f'(x): 0 and attempt to solve
%
x=1 Al Not necessary for last A mark as
x>0 given
f”{x]=2+i3 or any valid method M1
x
f”(l): 6 OR >0 hence minimum Al Dependent on everything correct
[4]
Question 38
(1) d_y =6-—6x B1
dx
Atx=2, gradient =—6  soi B1+
y-9=-6(x—2) oe Expect y=—6x+21 M1 Line through (2, 9) and with gradient neur
’ —6
When y =0, x =3'§ cao Al
[4]
(ii) | Area under curve: [9+ 6x—3x"dx=9x +3x* —x° | B2,1,0 Allow unsimplified terms
(27+27-27)-(18+12-18) M1 Apply limits 2,3. Expect 3
Area under tangent: %x % x9(= %} B1/ OR j'z% (=6x +21) dx (— %). Ft on their
" i —6x+ 21 and/or their 7/2.
Area required 2 3= g Al
151
Question 39
(i) —(x+ 1)_2 -2(x+ 1)_3 M1A1 M1 for recognisable attempt at differentn.
Al g
Allow =2 =4x=3 ¢0 Q rule. (A2,1,0)
Bl ‘
(x+1)
(ii) f'(x)<0 hence decreasing B1 Dep. on their (i) <0 forx> 1
1l
2
(iii) -1 - 2 _=0 or LW’:O M1 * getdl to 0
(x+1)  (x+D (x+1) dx
wzo_)_x_l_gzo &F M1 OR mult by (x+1)*or (x+1)° (i.e.xmult)
(x+1) Dep* x multn - —(x+1)° =2(x+1)> =0
-x*—4x-3=0

x=-3 y=-1/4

AlAl

(—3,—1/4) www scores 4/4
[4]




Question 40

3
& ; b [+2] (+e)
{:}
7=9+¢
3
2
= (ZI; I 2 or unsimplified
Question 41

__4

V=201
i ) -16

(2x-1) 2x-1

Vol = x[iJ with limits 1 and 2
2x-1
167
—_
3
(ii) m = 5m of tangent = —2

dy —4
= x2
dr  (2x-1)2

Equating their % to —2

o ol

r—2ir )

— CZ% or—%

ta )=

Sl

Question 42
u=2x(y—x)and x+3y=12,

u=2x[12_x —x}
3

=0 whenx=1 %

= (F=33)

—u==6

Question 43

f'(x) =5-2x? and (3, 5)
3

fx) = Sx— 2= (+c)

Uses (3, 5)

—c=8

B1B1

M1

Al

[4]

Attempt subst x =4, y=7. ¢ must be there.
Dep. on attempt at integration.

¢ =-2 sufficient

Bl Correct without the +2
Bl For the =2 even if first B1 is lost
M1 Use of limits in a changed
expression.
Al co
[4]
M1 Use of mym; = —1
Bl Correct without the x2
Bl For the x2 even if first B1 is lost
DM1
Al co
Al co
[6]
M1 Al | Expresses u in terms of x
M1 Differentiate candidate’s quadratic,
sets to 0 + attempt to find x, or
Al other valid method
Al Complete method that leads to u
[5] | Co
Bl For integral
Ml Uses the point in an integral
Al co
[3]




Question 44

= 8
Ix+4
-4 . . .
(i) Q: —— X3 aef B1 Without the “x3”
dx (3x+4)* B1 For “x3” even if 1st B mark lost.
3 . . :
= Mg == o Perpendicular my—y = 5 M1 Use of mym,=—1 after attempting
to find dy
ind — ;-
3 &Y
. 2 e s
Egn of normal y—4= g(x— 0) Ml Unsimplified line equation
Meets x =4 at B [4,?} Al e
[3]
(ii) I 8 dx = e+ ) +3 B1 Bl Without “+3”. For “+3”
J(3x+4) 1
2
sl = 32 5 i 5
Limits from 0 to4 — Area P= — M1 Al Correct use of correct limits. cao
Area Q = Trapezium — P
Area of Trapezium = <
M1 Correct method for area of
1 20 64 ,
=R iy trapezium
2 3 3
39 Al All correct.
— Areas of P and Q are both B [6]




Question 45

y=x+ px*
. dy
(i) — =3x*+2px Bl cao
. 2p . ;
Setsto0 — x=0 or ——— M1 Sets differential to 0
— (0,0) or [_ 2_p, 4p J Al Al cao cao, first Al for any correct
327 [4] | turning point or any correct pair of
x values. 2nd Al for 2 complete
TPs
d? ;

(ii) —':’ =6x+2p M1 Other methods include; clear
demonstration of sign change of
gradient, clear reference to the
shape of the curve

At (0,0) — 2p +ve Minimum Al WWW
At | - 2—‘0, o — —2p-ve Maximum | Al
3727 [3]
(iii) y=x+px* +px - 3x2+2px+p(=0) |BI
Uses b*> —4ac M1 Any correct use of discriminant
—4p?— 12p<0
— 0<p<3 aef Al cao (condone =)
[3]
Question 46
(i) 2d=r+r+rf (May not use )
24-2
— 0= £ Ml Attempt at s = r@ linked with 24
I 4 and r
A=— 129 = }i_rz =12r—12. aef,ag | MI1Al Uses A formula with 8 as {(r). cao
2 2 3
[3]
(ii) (A4=)36—(r—6)* B1 B1 cao
2]

(iii) Greatest value of 4 =36 B14 Ft on (ii).

(r=6) — 0=2 Bl cao, may use calculus or the
discriminant on 127 —#”
1]




Question 47

y=2x>, X(~2, 0) and P(p, 0)
() 1 .
A= % Q+p) X 2+ P)
d4
(ii) = —4p+3p
dp
gL 4.9 ooz =04
dt dp dt
d4 dp ., odp
or —=4p—+3p - —
& "% - o
Question 48
(i f'i(x)=2-2(x+1)"
f'(x)=6(x+1)"*
fO=0 hence stationary at x=0
f'0=6>0 hence minimum
(i) AB? =(3/2)* +(3/4)*
AB=1.680r \45/4 oe
(i) Area under curve = [f(x)=x — (x +1)

A

(Apply limits— 4 — 1)

1 N3
Areatrap. =—(3+ ) x —
P 2( 4) 5
=63/16 or3.94
Shaded area 63/16-9/4+27/16 or1.69
ALT eqndBis y=—Y%x+11/4
Area=[-Yx+11/4— 2x+(x+1)7

:[_ %xz +%x:l- [x2 R 1)“]

Apply limits — 5 —1 to both integrals
27/16 or 1.69

M1 Al Attempt at base and height in terms
21| ;
of p and use of —
2
Bl cao
Ml Al any correct method, cao
[3]
B1
B1
B1 AG
B1 www. Dependent on correct f"(x)
[4] | except —6(x +1)™ — <0 MAX
M1 scores SC1
Al
(2]
B1 Ignore +c even if evaluated
Do not penalise reversed limits
M1A1 | Allow reversed subtn if final ans
positive
M1
Al
Al
[6]
B1
M1 Attempt integration of at least one
AlAl Ignore +c even if evaluated
Dep. on integration having taken
place
M1 Allow reversed subtn if final ans
Al positive




Question 49

(i) At x=4, d—y=2 Bl
dx
dv dv dx
LA 7 O M1A1 | Use of Chain rule
dt dx dt 3]
¢
(ii) (y)=x+4x2(+c) Bl
i
Subx=4, y=6>6=4+(4x42)+c M1 Must include ¢
1
c=—6—>(y=x+4x2-6 Al
| [3]
(iii) Egn of tangent isy —6=2(x —4) or M1 Correct eqn thru (4, 6) & with m =
(6-0)/(4—x)=2 Al their 2
B=(1,0) (Allowx=1) M1 [Expect eqn of normal: y = —%x +
Gradient of normal = —1/2 Al 8]
C=(16,0) (Allow x = 16) Al '
Aei of triaile =% |98 = 45 [5]| Or 4B=+45, 4C=+/180 -
) Area=45.0
Question 50
® | Blle-v]F1] B1BIB1
[3]
(ii) f'(x)=3x>—6x+7 Bl Ft their (i) + 5
=3(x-1)>+4 B1/
>0 hence increasing DB1 Dep Bl v unless other valid reason
[3]
Question 51
y=y0O-2") P2, 1)
0 dy 1 i B1 Without “ x —4x™
i) | —=——=—x—4x .
dx - (g_zxg) B1 Allow even if BO above.
AtP,x=2, m=—4 Normal grad = Y% M1 For mym, =—1 calculus needed
Eqn AP y—-1=Y(x-2) M1 Normal, not tangent
— A4 (2, 0)or B(0,%) Al
Midpoint AP also (0, %5) Al Full justification.
[6]
s 2 9 )’2 .
(ii) Jx dy= 5 dy M1 Attempt to integrate x*
3
= 9% - y? Al Correct integration
Upper limit =3 B1 Evaluates upper limit
Uses limits 1 to 3 DM1 Uses both limits correctly
— volume =4% 7 Al

[3]




Question 52

- 12
g
X
o | s 6 : . . :
@ | f'x)=—— (+0) Bl Correct integration
22
:Owhenx=2—>c=% M1 Al Usesx=2,f'(x=0)
6 3x L .
fix)= —+7 (+A4) B1Y'B1Y For each integral
x
=10whenx=2 — 4A=4 Al
[6]
.. 6 3 . .
(ii) __’+5=0 — x=+2 M1 Sets their 2 term {'(x) to 0.
2
Other point is (=2, —2) Al
(2]
(iii) | Atx=2,1f"(x)=1.5 Min Bl
Atx=-2,f"(x) =—1.5 Max Bl
[2]
Question 53
(i) | tan 60 = % — x = h tan60 B1 Any correct unsimplified length
A=hxx M1 Correct method for area
V =40, (31) Al lag
[3]
dv
(ii) E= 804/(3h) B1
dh 1 Bl
Ifh=5 —=—— or 0.289 MI1A1l M1 (must be +, not x).
dt  2,/(3) [3]




Question 54

)

(ii)

%’ = B(l + 4x)—‘f’3} «[4]

At Jc=6,d—y=z
dx 5

Gradient of normal at P= _E

, . 5 ,
Gradient of PO = 5 hence PQ is a normal,

or mym, =-1

Vol for curve = () _[(1 +4x) and attempt to

integrate y?
= (ﬂ)[x +2x2] ignore “+ ¢’
=(7)[6 +72 - 0]
=78(x)

Vol for line = % x ()% 5% x2

-2

Total Vol =78z + 507/3 =94 :?i: 7 (or 2847/3)

Question 55

d 8
(i) l=~x—2+2 cao
i’y 16
% gt cao

(ii) ~ 8 12-052x2-8=0

2
X

I
% &

x
¥
d"‘y

2

2
jx—f <0 when x=-2 hence MAXIMUM

>0 when x =2 hence MINIMUM

BiB1

B1

B1/

Bl
[5]

M1

Al
DMI1
Al

M1
Al

Al
[7]

B1B1

B1

M1

Al
Al

&,

B1+Y

B1Y'
[3]

OR eqn of norm
y=5 =their—%(x -6)

When y =0, x =8 hence result

Apply limits 0 — 6 (allow reversed if
corrected later)

3
[- %x + 20}
OR (7)| ——

3X—§
2

8

6

Set = 0 and rearrange to quadratic form

If AOAO scored, SCAL for just (2, 8)

Ft for "correct" conclusionif
2
Ve k

Emu}mﬁ.t or

any validmethodinc. a good sketch




Question 56

f(x)=x> — 7x (+¢) B1
5=27-2l+c¢ M1 Sub x =3, y= 5. Dep. on ¢ present
e=-1>f(x)=x"-Tx-1 Al
[3]
Question 57
(§1] x=1/3 B1
1]
dy 2
if —=|—(3x-1)]||3 B1B1
@ | L2y
dy .
Whenx=3 — =3 soi M1
dx
Equation of QR is y—4=3(x-3) M1
When y=0 x=5/3 Al
[5]
(iii) Area under curve = 1 (3x— l)3 ><l B1B1
16x3 3
1 32 1
g-0| == MIA1 Apply limits: their — and 3
el 105 & | 3
Areaof A=8/3 B1
! 32 8 8
Shaded area =———=— (or 0.88Y) Al
Question 58
() A=2nr" +2nrh Bl
arh=1000 — h= ]00,0 M1
wre
Sub forhintod — A=2zr"+ i AG Al
r
131
(i) ;ﬂ =0 = 4xr- 20,,00 =0 MI1A1l Attempt differentiation & set =0
r r
r== 54 DMI1 Al | Reasonable attempt to solve to »* =
d*4 4000
—2 = 47{ -+ 3
n
>0 hence MIN hence MOST EFFICIENT AG B1 Or convincing alternative method
[51
Question 59
3 Pt
=—=—— (+) B1B1
3 -2
I==1+l+e Ml Sub x=-1,y=3. ¢ must be present
y=x"+x743 Al Accept c=3 www

[4]



Question 60

Y gx-5x"2 45
dx

Y2

< =
2x—5x"7 +5=2

2x—5x"?+3(=0) or equivalent 3-term
quadratic

12

Attempt to solve for x* e.g.

(lefi - 3)(x1f2 - 1) -0

x"?=3/2and 1
x=9/4and 1

Question 61

(7) f(x3 +1)dx

(E)EH}

6 or 18.8

Question 62

@

(i)

6+k=2 — k=—4

3
N=E-Zx? (0

9=2+2+¢ ¢ must be present

(N=2x"+2x72+5

Question 63

%= (8] +[2] [ (2x-1)]

=0 —4(2x-1)" =1 oe eg 16x> —16x+3=0

le and E

4 4
d? )

2 —8(2x-1)
1 dy
When = E(: —64) and/or <0 MAX
2

When x:%, ix’; (= 64) and/or >0 MIN

Bl

B1

M1

Al

DM1
Al

Al 5

[7]

M1

Al

DMIA1
[4]

B1
[1]

BI1B1+/
Ml

Al

ft on their k. Accept +%x

Equate their dy/dx to their 2 or 4.

Dep. on 3-term quadratic

ALT

x* =2x+3—>25x=(2x+3)2
4x* —13x+9(=0)

x=9/4 and 1

Attempt to resolve y* and attempt
to integrate

Applying limits 0 and 2.

(Limits reversed: Allow M mark
and allow A mark if final answer 1s
6m)

-2

Sub (1,9) with numerical £. Dep on
attempt J
Equation needs to be seen

[4] | Sub (2, 3) ¢ =-13% scores M1AOQ

B2,1,0

M1

Al

B1/*

DB1

DB1
[7]

Set to zero, simplify and attempt to
solve soi

Needs both x values. Ignore
y values

ftto k(2x—1)" where k>0

Alt. methods for last 3 marks
(values either side of 1/4 & 3/4)
must indicate which x-values and
cannotuse x = 1/2. (M1A1A1)




Question 64

8
y=—+2x.
%
" dy 25 . i
(i) a =—8x " +2 B1 unsimplified ok
2
(;x—); =165 B1 unsimplified ok
-4 4x3 s y e
_[yzdx =-64x "oet+32x 0e+ T oe (+c) 3 x Bl B1 for each term — unsimplified ok
1]
(ii) sets % o0 —x=+2 M1 Sets to () and attempts to solve
—M(2, 8) Al Any pair of correct values Al
Other turning point is (=2, —8) Al Second pair of values Al
2 2
Ifx=-2, 4y <0 M1 Using their Fy if kx  and x< 0
dx? dx?
~Maximum Al
(5]
(iii)) Vol =gz x [ part (i) | from 1 to 2 M1 Evidence of using limits 1&2 in
their integral of y? (ignore )
%,73.3::,230 Al
(2]
Question 65
8
f@=——
(5 - 2x)
8(5-2x)" ﬂ ,
X)) =" =2 (H6) B1 Correct without (+ by —2)
=l B1 An attempt at integration (= by—2)
Usesx=2 y=17, M1 Substitution of correct values into
an integral to find ¢
c=3 Al
[4]
Question 66
) A=2yx4x(=8xy) Bl
10y +12x =480 - ,
il B1 answer given
dA4
(ii) & =384 —19.2x B1
RS =0 Mi Sets to 0 and attempt to solve oe
Might see completion of square
=00, 3=04 Al Needs both x and y
b _384 [3] | Trial and improvement B3.
Uses x=——=———=20, M1, Al
2a -19.2
y=24_Al
From graph: B1 for x = 20, M1, A1l for
y=24




Question 67

d b4
(i) Y —2-8(3x+4)”
d
x=0,— L =-2)
dx
dy dx ; d
d—y——y — — 0.6 VILAL Ignore notation. Must be Y %03
dt dx dt 2] dx
- 8\/3x+4
(ii) y= {24’5} I +3 (+C) B1 B1 No need for +c.
2
4 : :
x=0,y=— —5¢c=12 M1 Al Uses x, y values after | with ¢
? [4]
Question 68
12
X= —2 -2
y
Vol = () x | x* dy
Y —144 +4y +ﬁ v Ignore omission of x at this stage
y? y 3 XAl Attempt at integration
Un-simplified
Limits 1 to 2 used Al only from correct integration
— 22
[3]
Question 69
(i) | Attempt diffn. and equate to 0 i—l =—k(kx 73)_2 +k=0 *M1 Must contain (kx—3)~ + other
, ! term(s)
(kx=3)" =1 or k’x* - 6k’x +8k(=0) DM1 Simplify to a quadratic
- % or % *Al*Al Legitimately obtained
d2_1," 5 -3 Y
Bz 2k (kx—3) BIY Ft must contain 4k> (kx—3)~
2 diy s where 4>0
When x = PR F = (721\" )< 0 MAX All previous DB1 Convincing alt. methods (values
: either side) must show which
_4 dy 2 1o . values used & cannot use
When x = R (2}( )> 0 MIN working correct DBL =3k
[7]
2
gy |V =(fr)_[[(x—3)_1 +(x-3 ] dx *M1 Attempt to expand 3? and then
- 5 integrate
=(7)[(x-3)" +(x—3) +2]dx Al
' (x=3)
=(7)| —(x— 3)7l + (+2x)} Condone missing 2x Al Or
3
- {—(x—3}1+%—3x2+9x+2x
=(7) 1—%+4—[%—9+0H DM1 Apply limits 0—2
= 407:'7! 3 oe or4l.9 Al 2 missing — 287 /3 scores
[5] | MIAOAIMI1AOQ




Question 70

; 3 2 1 2
@) | at x=a’. dl:iz+i,01‘2a‘2+a'2[:%or3a‘2] B1 =+ or2a”’ +a” seen
dx a° a° a a a
N N . anywhere in (i)
1!—3:%(3'—(12) or }*:%Ar+c—>3:402 +c M1 Through (a”,3) & with their
3 % ¢ e grad as f(a)
y=—x oOr 3a7x cao Al
a (3]
2x* ax™*
ii ==t tc B1B1
@ | (y)="T-+7 - o
sub x=a’, y=3 into |dy/dx M1 ¢ must be present. Expect
P 3=4-2+¢
e=1 (y=——-2ax " +1) Al
a [4]
4 1 . y .
(iii) | sub x=16, y=8 — 8:7x4—20><;+1 *M1 Sub into theiry
a
a’ +14a-32(=0) Al
a=2 Al Allow -16 in addition
A=(4.3). B=(16,8) AB*=12"+5" — AB-=13 DM1A1
(5]
Question 71
f'(x)=3x>-6x—-9 soi B1
Attempt to solve f'(x)=0or f (x)>0o0r f(x)>0 soi M1
(3)(x—3)(x+1) or 3.-1seen or3 only seen Al With or without
equality/inequality signs
Least possible value of n is 3. Acceptn=3. Accept n>=3 Al Must be in terms of n
[4]
Question 72
(i) 9. _7’2 %2 B1 Blfor a single correct term (unsimplified)
dr  (2x-1) without =2.
B1
(2]
- dy wicsrs . ~|l. . .
(i) e.g. Solve for d_ =0 is impossible. Bl Satisfactory explanation.
(1]
dy -6
(iii) Ifx=2, —=— andy=3 Mi1* Attempt at both needed.
x 9 ’
. 9 .
Perpendicular has m = g MI1* Use of mymy =—1 numerically.
— y—3= %(r -2) DM1 Line equation using (2, their 3) and their m.
Shows when x=0 then y=0 AG | Al
[4]
dx
iv — =-0.06
(iv) &
ﬁ = ﬁ X E — —Ex—ﬂ.(}ﬁ: 0.04 | M1 Al
t dx dt 3 2]




Question 73

: % e B1 Correct integrand (unsimplified) without +4
() =8(4x+1)2 +%+4(+c) B1 +4. Ignore c.
EESEEE=E M1 Substitution of correct values into an integrand
to find c.
e==1 Al p=AaJdx+1-7
[4]
Question 74
(i | 3z e =—1 > 3224+2-2=0 M1 Express as 3-term quad. Accept
- x> forz
Y?(orz)=2/30r-1 Al (OR
x=4/9 only Al 3x—1=—x,9x" ~13x+4=0
[31 | m1, AL,A1 x=4/9)
3x3f'2 2 1/2
ii) | f(x)= - +c B1B1
@ ( ) 3/2 1/2 %)
Sub x=4,y=10 10=16-8+¢ = c¢=2 MIi1A1 ¢ must be present
4 4 3/2 4 1/2
When x=—, y= 2[ ] — 4[] +2 M1 Substituting x value from part
2 9 9 .
(@
2427 Al
[6]
Question 75
; dy =2 =) : . "
) d—:—(x—l) +9(x-5) MI1A1 May be seen in part (ii)
X
I 9
m =k = 2 B1
tangent 4 4
Equation of normal is y—5=—'(x-3) M1 Through (3. 5) and with
M =—1/ Myppeoms
x=13 Al
[5]
ii ;
@ (x-5)* =9(x-1)’ Bl Set Cdlizmndsm}pﬁfy
X
x=5=(1)3(x=1) or (8)(x2 —x— 2) =0 M1 Simplify further and attempt
' ' solution
x=-1or 2 Al
d*y -3 -3 ;
—5=2(x-1) " -18(x-5) B1 If change of sign used, x valuef
dx close to the roots must be used
; and all must be correct
When x=—1, d—;’——l 0 MAX Bl
dx 6
2
when x=2. 228 o M Bl
dx [6]




Question 76

@ | 4=0x0) B1 Accept x=0ary=0
[1]
ar 1 fasj e o
@ | [(1-2xpdr =|—>—|[+(-2)] B1B1 May be seen in a single
32 expression
3 1
> 2x-1
[(Bx=1) @ = % [+2] B1B1 May use Jx dy , may expand
[0—(~1/3)]-[0—(~1/6)] M1 (2x—1)’
1/6 Al Correct use of their limits
[6]

Question 77

(1) Ix—2/x =0 M1 | Set=0.
x*=1=x=1atdcao Al | Allow 'spotted’' x =1
Tatal: 2
(1) f(x):x2 +1/x° (+c) cao Bl
189 M1 189 . .
E =16+1/16+c Sub (4, E), ¢ must be present. Dep_ on integration
c=-17/4 Al
Total: 3
(i) P +1/x*-17/4=0 = 4x* -17x* +4 (=0) M1 | Multiply by 4x (or similar) to transform into 3-term quartic.
(43r2 —l)(xz - 4) (= 0) ML | Treatas quadratic in x” and attempt solution or factorisation.
x=¥, 2 AlAl | Not necessary to distinguish. Ignore negative values. No working
scores (/4
Total: 4
() 5 N 3 B2,1,0" | Mark final integral
Jo2 43217/ 4y = 2L 1Ix
3 x 4
(8/3-1/2-17/ 2} - (1 J24-2-17/ 3) M1 | Apply their limits from (iii) (Seen). Dep. on integration of at least 1
term of y
Area=9/4 Al | Mark final answer. [1? scores 0/4
Total: 4




Question 78

A1 BI1B1 | N ical
@ Y _9r-2 Atx=2.m=2 menea
dx
Equation of tangent is y—2= 2(1’—2} Bl | Expecty=2x-2
Tatal: 3
(11) Equation of normal y—2=-% (x -2) M1 | Through (2. 2) with gradient = —1/m . Expect y =-Y:x+3
X —2x+2=-%x+3 — 2x*-3x-2=0 M1 | Equate and simplify to 3-term: quadratic
x=-Y, y=3% AlAl | Ignore answer of (2. 2)
Tatal: 4
(i) At x=-% grad=2(—%)—2=-3 B1Y" | Ft their 4.
Equation of tangent is y —3% = —3(_( +4) *M1 | Through their B with grad their —3 (not m; or my). Expect
y=-3x+7/4
2x—2=-3x+7/4 DM1 | Equate their tangents or attempt to solve simultaneous equations
x=3/4, y=— Al | Both required.
Total: 4
Question 79
(1) £10x) = {3(41'4—1)1;2} [4] B1H1 Expect 6(4x+ 1)1‘;2 but can be unsimplified.
)
omens y 112 B1y -112 =Gk _
f"(x)= 6x1/2x (4x+ 1) x4 Expect 12 [4x+ 1) but can be unsimplified. Ft from their £ '(x).
Total: 3
(i1) f(2). £'(2), kif"(2) =27, 18, 4k OR 12 B1B1VB1Y | Ft dependent on attempt at differentiation
27/18=18/4k 0e ORKf"(2)=12 = k=3 M1A1
Total: 5
Question 80
i B1
'@ V= l I oe
12
Total: 1
(i1) d¥ 1 23 MI1A1 | Attempt differentiation. Allow incorrect notation for M. For A mark
o 2y ) heir letter for volume - but otherwise corr ion. Allow
dh 4 accept their letter for volume - but otherwise correct notation. ow
v
dh dh dV 4 DM1 . . () . .
& = w X ar = W x 20 sot Use chain rule correctly with =20. Any equivalent formulation
Accept non-explicit chain rule (or nothing at all)
dh . . Al
— | = —5 x 20 = 0.8 or equivalent fraction
dt 10
Total: 4




Question 81

@ | £r(x)=[(ax+1)7 2] [+4] (+¢) BLBL | Expect 1(4x+1)"" (+c)
3 3 B1FT n 3
f '(2) =0 = E+c’ =0 =>e 275 (Sufficient) Expect 1/:(_43’%»1)1 2 =y FT on rheirf'(x) =k(4-.’c+l)1 o (ie. c= -3k)
Total: 3
) | £7(0)=1 sol B1
£'(0)=1/2-1%=-1 S0I B1 FT | Substitute x = 0 into their f '(x) but must not involve ¢ otherwise BOB0
fl0)y=-3 B1 FT | FT for 3 terms in AP. FT for 3rd B1 dep on 1st B1. Award marks for the AP
method only.
Total: 3
i) ) ={% 2 312 4] 1% BIFT | pypect (1/12)(4x+1)°° —1%x (+k). FT from their £ '(x) but ical
£(x) |:f_(4x+1) 234 2 4] [l _.r:| (+k) i xpect ( )( x+1) X (+ ) om their f '(x) but ¢ numerical.
-3=1/12-0+k = k=-37/12 CAO MI1AL | Sub x =0,y = their £(0) into their f(x). Dep on cx & k present (¢ numerical
27 37 23 Al
Minimum value = f{2) = esil —3-—=—— or—3.83
12 12 6
Total: 5
Question 82
Wa)(i) | Attempt to integrate ¥ = (ﬁr]j(VJr 1)dy M1 | Use of & in integral e.g. f(h +1)= ah® +h is MO. Use of [y dx is MO
2 Al
¥
= (7)) —+
( )[ 3 y}
W2 Al | AG. Must be from clear use of limits 0— h somewhere.
=x|—+h
2
Total: 3
0(ii) j’(y i 1)1-"3 dy ALT 6— j(xl " l)dx M1 | Correct variable and attempt to integrate
;’/(y+ 1)3"'1 oe ALT 6-(J%x —x)CAO *A1l | Result of integration must be shown
i 8 1 DM1 | Caleulation seen with limits 0—3 for y. For ALT, limits are 1—2 and
Z[s8-1] ALT 6-[=-1|-|=-1]] )
B 3 rectangle.
14/3 ALT 6-4/3=14/3 Al | 16/3 from 7 x8 gets DM1AO provided work is correct up to applying
limits.
Total: 4
Clear attempt to differentiate wrt h M1 dv
® i Expect s 7(h+1). Allow i + 1. Allow h.
Derivative = 4w SOI *Al
) DM1
———— . Can be in terms of b
their derivative
2 1 Al
—or— or 0.159
4z Ixm
Total: 4




Question 83

Gradient of normal is — 1/3 — gradient of tangent is 3 SOI B1B1 FT | FT from their gradient of normal.
dy/dx =2x—-5=3 M1 | Differentiate and set = their 3 (numerical).
x=4 *Al
Sub x =4 into line — y = 7 & sub their (4. 7) into curve DM1 | OR sub x = 4 into curve — y = k — 4 and sub their(4. k — 4) into line
OR other valid methods deriving a linear equation in k (e.g. equating curve
with either normal or tangent and sub x = 4).
k=11 Al
Total: 6
Question 84
(i) dy » Bl | Accept unsimplified.
e )
dx
=0 when -JT =2
x=4,yv=8 B1B1
Total: 3
i) dzy 3 B1FT | FT providing —ve power of x
=—2x1
dx?
(dzy 1) . Bl | d*y o .
—=— ] — Maximum Correct —— and x=4 in (i) are required.
| dx? 4 ) dx?
s . dzy
Followed by*“< 0 or negative™ is sufficient™ but d— must be correct
x2
evaluated.
Total: 2
iif) EITHER: (M1 Eg JA_-=”_, 2 —Bu+6=0
Recognises a quadratic in J:
1 and 3 as solutions to this equation Al
—x=9.x=1. Al)
OR: (M1 «/: needs to be isolated before squaring both sides.
Rearranges then squares
— 2 —10x+9=0 oe Al
—x=9x=1 Al) | Both correct by trial and improvement gets 3/3
Total: 3
iv) k>3 B1
Total: 1




Question 85

2 16 M1* | Use of volume formula at least once. condone omission of m and limits
'\-"01=;TI(5—X) d_\'—zj —dx dx .
x?
DM1 | Subtracting volumes somewhere must be after squaring.
_ (5 - _1;)3 B1 B1 | B1 Without + (—1). B1 for +( —1)
[(5-x)2dy = ——— -1
’ 3
(or 25x — 10x%/2 +¥ax®) (B2,1,0) | —1 for each incorrect term
16 16 B1
[—dv =—=
x? X
Use of limits 1 and 4 in an integrated expression and subtracted. DMI1 | Must have used*y?” at least once. Need to see values substituted.
— 9 or 28.3 Al
Total: 7
Question 86
(1) Crosses x-axis at (6, 0) Bl | x=6 is sufficient.
dy 5 B2,1,0 | —1 for each incorrect term of the three or addition of + C.
—=0+H-12@2-x) " x(-1)
dx
Tangent y=%(x—6) or 4y =3x—18 M1 A1l | Must use dv/dx, x= their 6 but not x = 0 (which gives m = 3), and correct
form of line equation.
Using v =mx+c¢ gets Al as soon as ¢ is evaluated.
Total: =l
i) Ifx=4 dy/dv=3
dv M1 AIFT . dy
CT =3x0.04=0.12 M1 for (“their m” from cT and x = 4) x 0.04.
f X
Be aware: use of x = 0 gives the correct answer but gets MO.
Total: 2
Question 87
(i) dy = 3) B1 B1 | B1 without %(—3) B1 For %(—3)
e ¢ g o
dr  (5-3x)°
Gradient of tangent = 3, Gradient of normal — 3 *M1 | Use of mym; =—1 after calculus
1 DM1 | Correct form of equation, with (1, their y), not (1.0)
—eqn: y-2= —;(x—l)
A1 | This mark needs to have come from y = 2. y must be subject
— y=—=X+—
Total: )
I(it) o~ j- 16 q M1 | yseof V=71 ,|- y2dx with an attempt at integration
ol=rm X
o (5-3x)°
%6 Al A1l | Al without( + —3), Al for (+—3)
gl —— B
(5-3x)
16 16 ST M1 Al | Use of both correct limits M1
= S ] )= (if limits switched must show —to +)
6 15, 5
Total: 5




Question 88

@ 2y X 6% & B1 | CAO
=lX————— it e
# 3 2
Uses 3, —10) > ¢c=5 M1 A1 | Uses the given point to find ¢
Total: 3
(i1) 7—x2—6x:16—(x+3)2 B1B1 | Bla=16,B15=3.
Total: 2
ii) 16— (x+3)2>0 — (x + 3)* < 16, and solve M1 | or factors (x + 7)(x — 1)
End-points x = 1 or —7 Al
——T<Lpa< Al | needs <, not <. (SR x <1 only, or x >—7 only Bl i.e. 1/3)
Total: 3
Question 89
(1) 1 3 8000 M1 | Use of (area of triangle, with attempt at ht) x # =2000, /1 = f (x
Volume = | — x2£h =2000 — h= . ¢ P i ( )
2)7 2 V3a2
\/g M1 | Uses 3 rectangles and at least one triangle
A= 3xh+(2)x(—]x i ><7
V3, 24000 Al | AG
Subforh— A=—x"+"—=—x"
2 V3
Total: 3
(ii) Yl \/37 24000 B1 | CAO, allow decimal equivalent
—=—2x-—x"
& 2 3
=0 when x* = 8000 — x =20 M1 A1 . d4
Sets their E to 0 and attempt to solve for x
Total: 3
iii M1 dz4
) a4 = ﬁz 4 48000 2 >0 Any valid method, ignore value of providing it is positive
dx? 2 ﬁ dx2
— Minimum A1 FT | FT on their x providing it is positive
Total: 2




Question 90

L(i) ) 1 B1
Gradient of 4B = 5
. . 1 1 Bl
Equation of 4B isy = E.\' -3
2
ii dy _L B1
@ g =1(x-1)2
dx
1 dy *M1
Ya(x—1) 7 =% . Equate their Tto their Va
dx
x=2, y=1 Al
v —1="¥(x-2) (thro' their(2,1) & their ¥2) — y=%x DM1 Al
5
L(iid) EITHER: (M1 | Where & is angle between 4B and the x-axis
smez% — d=sind
gradient of AB=% =tanf=% = 0=26.5(7)° B1
: Al
d=sin26.5(7)° =045 (or %) )
5
ORI: (M1
Perpendicular through O has equation y =-2x
. g =4 Al
Intersection with 4B: —2x=Yax -1 — E ?
Al)
OR2: (M1
Perpendicular through (2, 1) has equation y =-2x+5
. . 11 3 Al
Intersection with 4B: —2x+5=12x-1 — 33
Al
I (21 . )
d=y| 3]+ 5] =0450r1n5)
\5/ \5)
(i) OR3: (B1
1 1
AQAC has area 7 [where C = (0, _E)]
1 5 1 1 M1 Al)
—x—xd=——d=—F
272 4 N




Question 91

I(i -b B1
® ﬂ3'2+b1'=o—>3'((13'+b)=0—)1’2—
a
Find f’(.\') and attempt sub their = into their f"’(.\') M1
a
—b b Al
When x=—, f"(x)= Za[—]+ b=-b MAX
a a
3
@ | sub £1(-2) =0 M1
sub (1) =9 M1
a=3 b=6 *A1l | Solve simultaneously to give both results.
£'(x)=3x" +6x - f(x)=x"+327 (+¢) *M1 | Sub their a, b into £'(x) and integrate ‘correctly’. Allow
ax® by’
ERERNL
—3=-8+12+c DMI1 | Sub x=-2. y=-3. Dependent on ¢ present. Dependent also on a,
b substituted.
f(x)=x"+3x7 -7 Al
6
Question 92
i(i) EITHER: (M1 | Form 3-term quad & attempt to solve for .

4-3\r=3-2x — 2x—3\r+1(=0) ore.g. 2k’—3k+ 1 (=0)

Jr=ta1 Al | Or k=% or I (where k = V).
x=Y%, 1 Al)
ORI: o1
2 2
(30 =(1+27)
4y —5x+1 (=0) Al
x=%,1 Al)
OR2: (M1 | Eliminate x
. 2
3-y _[(4-yy 2 7y s(e
3 :|TJ (—)2 —73 +5(70))

5 Al
y= 5 1
x=Y 1 Al




(i)

EITHER: (B1
Area under line = I(S —2x)dx =3x— 12
3§ M1 | Apply their limits (e.g. % — 1) after integn.
=|(3-1)—-| 2=
-4 [ 4 16]
Area under curve = (4 ST ]d\' = 4r—2:7 B1
[{4 ~2)—(1-% )] M1 | Apply their limits (e.g. % — 1) after integration.
21 iS5 1 Al
Required area= — — — = — (or 0.0625) )
le 4 16
OR: (*M1 | Subtract functions and then attempt integration

/

1 1
+f—_f(3—2.r)—[4—3_\51=+f—}'(—1—:x+3.\5)

A2,1,0 FT | FT on their subtraction. Deduct 1 mark for each term incorrect

RO
H=| -1-1+2-| —~+—+= | |= — (or 0.0625)
\"2716 8)| 16

DMI1 A1) | Apply their limits % — 1

Question 93

5
Largest value of k is E

f‘(-‘_) _ D’i] (2:‘_71)1,2}< [2]7[6] B2,1, 0 | Deduct 1 mark for each [...] incorrect.
\ 2 S
f'(x)<0 or<0 or=0 SOI M1
(2x- 1]""2 <2 or <2 or=2 OE A1l | Allow with k used instead of x
Al

5 5
Allow k< E or k= E Answer must be in terms of & (not x)

o




Question 94

(i) dv 1 b 5 B1 B1 | B1 Without x 5 B1 = 5 of an attempt at differentiation
S eialse )7 85 (S0
de 2 6
6 M1 | Uses myn; = —1 with their numeric value from their dy/dx
m of normal = s
; 6 Al | Unsimplified. Canuse v=nix+c to get c=5.4 ISW
Equation of normal y-3= —:{x -2) OE
orSy+6x=270r p 2l
5 3
W(if) EITHER: (B1 | Correct expression without +5
3
For e cnrve (J) T . (5-’( ;1)2 -5 B1 | For dividing an attempt at integration of y by 5
2
g is 1 18 M1 A1 : 1 2 3
Limits from z to 2 used — 3.6 or i OE Using 5 and 2 to evaluate an integrand (may be | _1."]
Normal crosses x-axis when y = 0. — 1= (412) M1 | Uses their equation of normal, NOT tangent
: = 15 A1l | This can be obtained by integration
Area of triangle = 3.75 or TOE =
147 Al
Total area=3.6 + 3.75 = 7.35, 7 OE )
OR: (B2,1, 0 | -1 each error or omission.
For the curve:
nl; o ify )
I)=(»" +1)dy :—(‘—+ 1"
( ) 5 ( ) '} 5 \ 3 i )
— 12 M1 A1l | Using 0 and 3 to evaluate an integrand
Limits from 0 to 3 used — 2.4 or e OE N =
Uses their equation of normal. NOT tangent. M1 | Either to find side length for trapezium or attempt at integrating
between 0 and 3
. 1 ) 39 3 A1l | This can be obtained by integration
Area of trapezium = — (2 + 4%)x3="—o0r9=
2 4 4
39 12 147 Al
Shaded area = — ——=7.35,— OE )
4 5 20
Question 95
(i) dy M1 dy .
CT =0 Sets d— to O and attempts to solve leading to two values for x.
kY x
x=1lx=4 A1l | Both values needed
2
3(il 2y B1
(@ ) =-2x+5
dx?

24,

Using both of their x values in their

M1 | Evidence of any valid method for both points.

x=1— (3) — Minimum, x = 4 —(-3) — Maximum

Al

(iii) 5t
y=——+——4x (+c
; PR ()

B2,1, 0 | tc not needed. —1 each error or omission.

Uses x =6, y=2 in an integrand to findc — ¢ =38

M1 Al | Statement of the final equation not required.




Question 96

(0] dy 4=0 Can use completing the square.
dv
— x=2y=3 B1 B1
Midpoint of 4B is (3. 5) B1 FT | FT on (their 2, their 3) with (4,7)
7 B1
— m=—(or 2.33)
3
4
(i) Simmltaneous equations — O Ay —mr+ 9(=0) *M1 | Equates and sets to 0 must contain m

Question 97

Use of b*—4ac — (m +4)> — 36 DM1 | Any use of b’*—4ac on equation set to 0 must contain m

Solves =0 — —10or 2 A1l | Correct end-points.

-10<m<2 Al | Don’t condone < at either or both end(s). Accept —10 <m, m <.
4

(i) . o *Bl
Area =,F‘/z(.\' 71]d.\':1/': - —x
1 2 DMI1A1 | Apply limits 0—1
wlilo = (932 PPy
5 5
3
(ii) vol =x[vidy = 1/4( ﬂ.) j(_\.ﬂ —2xt +l)ch‘ M1 | (If middle term missed out can only gain the M marks)
9 5 *Al
‘A[fr){'\——i \}
9 5
w() 1 Ao DM1
T = —=+1|—
4( ) 9 5
Al
— or 0.559
4
(i) Vol =z fldy = (ﬂ.}j’(11.+1)l"2 dv M1 | Condone use of x if integral is correct
312 *A1A1 3/2
(2y+1) (2v+1)
F]|: v [+2] Expect (7) —
1 DM1
ol
3
Al
— or 1.05

1
Apply -3 —0




Question 98

i 1 1 Bl | AG
@ V=—m(18-r)=6mr" ——m’
3 3
1
ii M1 | Differentiate and set =0
(it d—VZIZm'—m‘EZO
dr
ar(12-r)=0 = r=12 Al
2 M1
V
— =12z -2zr
dr
Subr=12 — 127 - 247 =-127 — MAX Al | AG
4
ii) Sub r=12. h=6 —MaxFV =2887 or 905 B1
1
Question 99
dy / v B2,1,0
S 32 39312 L’
dx
9 M1
atx =4, d—l =6-3-1=
dx

Equation of tangent is y=2(x—4) OE

AI1FT | Equation through (4, 0) with their gradient

Question 100

F(x) =3x" —2x—8 M1 | Attempt differentiation

4 Al
——. 2801

3

4 M1 | Acceptx > 2 in addition. FT fheir solutions
fx)>0=x <—E SOI
.4 Al . 4 4 . .
Largest value of a is 3 Statement in terms of a. Accept a < -3 or a <——. Penalise extra solutions
4

Question 101

(i) dy/dv= [72] 7[3{17 2.\')2}[72] (C4-24x+ 24x2) B2,1,0 | Award for the accuracy within each set of square brackets
Atx=% dy/dx =2 B1
Gradient of line y=1-2x is -2 (hence 4B is a tangent) AG B1
4
(i) ) % - i M1 | Note: If area triangle OAB — area under the curve is used the first
Shaded region = J (1-2x)- J.[I —2x—(1-2x) Joe part of the integral for the area under the curve must be evaluated
[} 0
= g Al
= |[(1-2x) ar AG
)
2
(iif) (1- 2_\_]4 *B1B1
Area= | —— [+— 2]
4
0—(-1/8)=1/8 DB1

OR J1-6x+12x" —8x  =x—3x" +4x° —2x* (B2,1,0)
Applying limits 0 — ¥




Question 102

. -8 B1 | SOI
f'(x)=
2
(x-2)
M1 | Order of operations correct. Accept sign errors
y= +2 > y-1= —> x-21=
r— x— yv—2
—_ 8 Al | SOI
£71(x)= +2
x—2
—48 16 M1 i - -atic in (v — 1/ (x =
- 1425 (<0) - 2 _20x+84 (<0) Formation of 3-term quadratic in x,(x—2)or 1/(x-2)
(x—2) x-2
(x—6)(x—14) or6. 14 Al | sOL
2<x<6.x>14 Al | CAO
6
Question 103
i@ dy/de=x-6x"+8 B2,1,0
Set to zero and attempt to solve a quadratic for Xt M1 | Could use a substitution for x* or rearrange and square correctly®
x*=4orx* =2 [x=2and x =4 gets M1 A0] A1 | Implies M1. ‘Correct’ roots for their dv/dx also implies M1
x=160r4 AI1FT | Squares of their solutions *Then A1.A1 for each answer
5
(ii) Ay/dd =1-3x7% BI1FT | FT on their dy/dx. providing a fractional power of x is present
1
{ii) (When x = 16) d2_1-‘ /dx? = 1/4 > 0 hence MIN M1 | Checking both of their values in their d? v/ dy?
(When x =4) d’y/dx’ =—1/2 <0 hence MAX Al | All correct
Alternative methods ok but must be explicit about values of x bein
considered
2

Question 104

(v)=7 3% (+)

4

B1B1

Sub (4,—6) -6=4-12+¢ — ¢

Il
]

MI1A1 | Expect (1)=2x" —3x+2




Question 105

i dy , B1
® l=2{.\'+1)—(.\'+1)2
dx
Set= 0 and obtain 2(x +1]3 =1 convincingly www AG b1
d’y 3 Bl
—5=2+2(x+1) www
dx’ ( ]
- e M1 | Requires exact method — otherwise scores MO
g 3
sub,e.g. (x+1)° =2 OEor x=| = [ -1
L
a2y A1l | and exact answer — otherwise scores A0
& =06 CAO www
2

i) )‘2:(1'+1)4+(x+1)_1+2(.\'+]) SOI

th

Bl | oR 37 = (x* + 4147 + 657 +4x+D)+(2x+ 2)+(.\'+])_2

(.\'Jrl)5 Lk (l\_+])71 . 2(.\'+1)2

-1 2

3
OR (ﬂ'){\? +xt 2t e+ .\} ++:.7(2 + 23’] +[—;}

(7)(3%dx~(7)

B1B1B1 Attempt to integrate _1'2 . Last term might appear as (.\'2 +2x)

5 /
(;r]{3—'—l+4—| i—l-¢—1”
5 2 \3

M1 | gubstitute limits 0 —1 into an attempted integration of y.

Do not condone omission of value when x =0

9.7t or 30.5

Al | Note: omission of 2(x +1) in first line — 6.77 scores 3/6

Ignore initially an extra volume, e.g. () i (42 ]! . Only take into

account for the final answer

Question 106

i(1) dy 5 MI1A1 | Attempt to differentiate. All correct for A mark
—=3x —18x+24
dr
2 _ ’ ,
3x° —18x+24=-3 pil Equate their Y to -3
dx
x=3 Al
v=6 Al
yv—6= —3(.\' —3) AI1FT | FT on their 4. Expect y=—3x+15
6
(ii) (3)(_\-7 2)(_\- 74) SOILor x=2. 4 Allow (3)(x + 2)(_\-+ 4) M1 | Attempt to factorise or solve. Ignore a RHS, e.g. = 0 or > 0, etc.
Smallest value of kis 4 Al | Allow k= 4. Allow k= 4. Must be in terms of k£
2
Question 107
5 B1B1
(3x-1)3
f(x)= — [+3] (+¢)
3
2 M1 | Sub y=1.x=3 Dep. on attempt to integrate and ¢ present
83
I=—1+c
1 2 Al
=-1— y==(3x-1)i -1 s0I
2
1 2 1 DM1A1 | Dep. on previous M1
Whenx=0. v=—(-1)3 -1 =-—=
20 2
6




Question 108

L(1) X 6 B1 B1 | Inspection or guesswork OK
y=—+—=4—x=20r6
2. K
dv 1 6 B1 | Unsimplified OK
ar 2 f°
Whenx=2.m=—1—x+y=6 M1 | Correct method for either tangent
1 1
Whenx=6.m=— —y=—x+2
3 3
Attempt to solve simultaneous equations DM1 | Could solve BOTH equations separately with y = x and getx =3
both times.
(3.3) Al | Statement about y =x not required.
6
L(ii) o[ x2 36 "M1 | Integrate using 7| y2dx (doesn’t need 7 or dx). Allow incorrect
VZ(I)J[IHS*—_‘] (dx) = galyx ( ,)
2 i 2
; [ x40
squaring. Not awarded for x| {4 - ( % +— W} dr.
L\ < X))
Integration indicated by increase in any power by 1.
. x3 36 A2,1 | 3 things wanted —1 each error. allow + C. (Doesn’t need 1)
Integration — —+6x——
o ) y 1 160 DM1 | Evidence of their values 6 and 2 from (i) substituted into their
Using limits ‘their 2" to ‘their 6’ (53 —m. 7. 168 awrt) ( 16
3 3 integrand and then subfracted. 48 — l —?1 is enough.
Vol for line: integration or cylinder (— 641) M1 Foe &
Use of m2h or integration of 4 (could be from { 4 —[ 5 +7J} )
"
2 32 Al
Subfracts — 10— oe ( e.g.—m.33.5 mm)
3 | 3 J
(ii) OR
. [% 6% M1 M1 | Integrate using | y2dx (doesn’t need x or dx)
V= ()[4 -|Z+=]| (@) A e
8" Integration indicated by increase in any power by 1.
(%2 36
=) [16-| = +6+ —J (dv)
\ 4 %2
3 \ A2,1
: 36 ? 36
=(m) 16x—| T iex-2 (dx) Or [ 10x——+—
112 %)) x
= (m) (48 - 37%3) DMI1 | Evidence of their values 6 and 2 from (i) substituted
! Al

2 [ 32
=10—moe eg—fr.SS.SaWﬁ}
3 L3




Question 109

® 3 41‘+1]§
(4x+1)2 40 R i &

I
w | b

B1B1

B1 without + 4. B1 for + 4 oe. Unsimplified OK

Usesx=2,y=5 M1 | Uses (2. 5) in an integral (indicated by an increase in power by 1).
— ¢ =% oe isw Al | No isw if candidate now goes on to produce a straight line equation
4
i) dv dy  dx
dv drdt
dx T M1 | Ignore notation. Must be 0.06+3 for M1.
a7
=0.02 oe Al | Correct answer with no working scores 2/2
2
iii) v - B1
Yo (4x+1)” x4
dx”
dy  av 2 B1FT | Must either show the algebraic product and state that it results in a
_d\'vl x e et *yAx+l (=2) constant or evaluate it as ‘= 2°. Must not evaluate at x =2.
' L dly 5
ft to apply only if . 1 is of the form k(4x +1) #
™)
2

Question 110

0 y=x'—2x?+5x
Wi dy B1 | CAO
(N (AN

dx

Using b2 —4ac — 16 — 60 — negative — some explanation
or completed square and explanation

M1 A1 | Uses discriminant on equation (set to 0).
CAO

(ii) m=3x2—4x+5

ﬂ =6x—4(=0) (must identify as ﬂ )
dx dx

BIFT | FT providing differentiation is equivalent

dy 11

(o2Y 1 11
Altl: m=3[.'—7 +—, m=—
3 3

5 11
Alt2: 3x? —4x+5-m =0, b* —dac=0, m:?

M1 A1 | Sets to 0 and solves. Al for correct m.

Altl: B1 for completing square, M1A1 for ans

Alt2: B1 for coefficients, M1AL1 for ans

d*m
dx?

=6 +ve — Minimum value or refer to sketch of curve or

2
check values of m either side of x = 3

M1 A1 | M1 correct method. Al (no errors anywhere)

O(iii) 23 sx2
Integrate - — ———+
4 3 2

B2.1 | Loses a mark for each incorrect term

Uses limits 0to 6 — 270 (may not see use of lower limit)

M1 Al | Use of limits on an integral. CAO
Answer only 0/4




Question 111

Question 112

dy 12 -12 B1 B1 | Correct without *“ +2”. For ** + 27. Ignore “c”.
o SRR =2 ()
dx (2\-+1) 2x+1
-6 M1 Al | Finding “c™ following integration. CAO
Uses(1,1) — ¢=3 (— y= P
2x+1
1 1 DM1 A1 1 . ;
Sets y to 0 and attempts to solve for x— x :E — ((:. 0)) i Setsyto 0. x= - s sufficient for Al.
6

5 dy 5 L. M1 A1l | Reasonable attempt at differentiation CAO (—3)
v=2x+— — —=21- = —3 (may be implied) when x=1.
x dx x?
dv  dy ds M1 A1l dv
y_ay e —0.06 Ignore notation, but needs to multiply i by 0.02.
df  dv df dr
4

Question 113

f'{x)=3_r2 +4x—4

Bl

Factors or crit. values or sub any 2 values (x =-2) mfo f’(x] 501

M1

Expect (x+ 2](3x - 2) or -2, % or any 2 subs
(excluding x =-2).

For -2<x<¥, f'(x) <0;for x>%, f'(x) >0so0i Allow <, > M1 | Or at least 1 specific value (=—-2) in each interval giving opp
signs
Or f(3 )=0 and £'(% )= 0 (1.e. gradient changes sign at x= 2{)
Neither www Al | Must have ‘Neither
ALT 1 At least 3 values of f(x) M1 | eg. f0)=7,f(1)=6,f(2)=15
At least 3 correct values of f(x) Al
At least 3 correct values of f(x) spanning x = 5 Al
Shows a decreasing and then increasmg pattern. Neither www Al | Or siular wording. Must have “Neither’
") = 3x2 = 1y _16 B1B1 | Do not condone sign errors
ALT2 f'(x)=3x" +4x—4 = 3(x+ %) - 16/ gn
16 M1
f'(x)z-—
3
f '{x) < ( for some values and > 0 for other values. Neither www Al | Or similar wording. Must have ‘Neither’




Question 114

(i) y=74 ax’ +:bx* —4x (+c) B1
11=060£04¢ M1 | Subx =0,y =11 into an integrated expression. ¢ must be present
y=Yax’ + Ybx* —4x +11 Al
3
(ii) 4a+2b-4=0 M1 | Sub x=2,dy/dx=0
%(80/) 1+ DB 84iT=8 M1 | Sub x=2, y=3 into an integrated expression. Allow if 11
missing
Solve simultaneous equations DMI1 | Dep. on both M marks
a=3,b=-4 A1A1 | Allow if no working seen for simultaneous equations
5
Question 115
s (3 o 1)1’3 MI1A1A1 | Recognisable mtegration of y2 (M1) Independent A1, Al
V=4(x)](3x-1)""dx =4(x) =71 ¢ [3] for[1[]
4(r)[2-1] DM1 | gypect 4(5‘1’){3){—1)5
47 orl26 Al | Apply limits %5 — 3. Some working must be shown.
5
dy/dx=(-2/3)(3x— 1)_4"'3 %3 BI Expect —2(3x— 1)_4"'3
When x=2/3, y=2 so1 dy/dx=-2 B1B1 | 2nd Bl dep. on correct expression for dy//dx
Equation of normal is y—2 = l/z( x—%) M1 | Line through (35, their 2) and with grad —1/m. Dep on m from
diffn
Al
y=—x+=
5

Question 116

3 1

B1 B1 | B1 for each term correct — allow unsimplified. C not

2 2 :
Integrate — % + 2% =0 PN
2 2
3 i M1 | Evidence of 4 and 1 used correctly in their infegrand ie at
£ i £ 40 14 least one power increased by 1.
T 1| & 2
2 2 .k
26 Al | Allow 8.67 awrt. No mtegrand implies use of integration
T3 ne function on calculator 0/4. Beware a correct answer from

wrong working




Question 117

@ Pis(t,50) Qis (1, /(9 - P)) — 41— F

B1 B1 | BI for both y coordinates which can be implied by
subsequent working. B1 for PQ allow |41 —£3| or |3 —41|.

Note: 4x —x° from equating line and curve 0/2 even if x the

replaced by ¢.
2|
d( pQ) 4. %@ BIFT | BIFT for differentiation of their PQ, which MUST be a cubic
=) —f ) d .
dt expression, but can be o £ (x) from (i) but not the equation
of the curve.
P 2 M1 | Setting their differential of PO to 0 and attempt to solve for t
\|' 3 orx.
" 16 163 Al | Allow 3.08 awrt. If answer comes from wrong method in (i)
— Maximum PQ = 595 or 9 award AQ.
Correct answer from correct expression by T&lI scores 3/3.
3

Question 118

d_y= éx & =41 [- 2 6 -
& |:2 [4x+1}1:|[4][ b](m ZJ

B2,1,0 | Looking for 3 components

fydr = [3(4“1)%%} [=410- %wcn

3
=(4x+1)5 .
2

Bl E1 Bl

3
B1 for 3(4x+1)2 :—% Bl for *+4°. Bl for ‘—T

2
2x°,

Ignore omission of + C. If included isw any attempt at
evaluating.

5
dv 6 M1 . d
At M, LY PN =2 Sets their 2 term —2 to 0 and attempts to solve
Vax+1 dv
(as far as x=k)
x=2,y=5 Al Al




Question 119

(i | 2 M1
@ L Sub iy =0andx =3
a=-3 only Al
2
(i) dy 0 S +g (+c) MIAITFT Attf:mpt integration. %ax3 +Y%a*x* scores M1. Ft on
2 their a.
9 =-27+40%+c¢ DMI1 | Sub x =3,y =9%. Dependent on ¢ present
c=—4 Al ox?
Expect y=-x + % -4
4
1it) 5 P i ML | 24x+a? scores M1
2y A1 | Requires at least one of —9 or < 0. Other methods possible.
At =3, =-9 <0 MAX www

2

Question 120

(1) 2=k8-28+24)— k=12 B1
1

') | Whenx=5,y=[%](125- 175 + 60) =5 ML | or solve [1£](x* = 72" +12x) =x=> x=5 [x=0,2]
Which lies on y = x, oe Al
2
(1i1) M1

I[%(x-“ —7x% +12x)—x]dx .

1 7
Expect IET3 —:xz +5x

OR E.ﬂc‘t —EJ(3 +3x°
8 6

14 73 55 B2,1,0FT | Fton their £
X" ——X +=x"
8 6 2
2-28/3+10 DMI1 | Apply linuts 0 — 2
8/3 Al
B2,1,0FT | Integrate to find area under curve, Ft on their k&

2-28/3+12 M1 | Apply lumits 0 — 2. Dep on mtegration attempted
2 ) M1

AreaA=%x2x2or xdx:[%x‘]:Z
0

8/3 Al




Question 121

) dy B
0@ L3 o]

B1B1 | Can gain this in part (b)(ii)

When x=1, m=-2

BIFT ]
Ft from their 4
dx

Normal is y—%=%(x-1)

M1 | Line with gradient —1/m and through 4

y=%x so1 Al | Can score mn part (b)
5
)i 1 M1A1 | x/2 seen on RHS of equation can score previous Al
OO =2 sox(4x-3)=2(2)(4x* ~31-1) (=0) q P
2(4x-3) 2
x=-1/4 Al | Ignore x=1 seen in addition
3
.0(11) dy MI1A1 | Allow +0.3 or —0.3 for M1

Use of chain rule: —~~ (their—2)=(£)03=0.6

Question 122

=Ykt -x" (+c)

MI1A1 | Attempt mntegration for M mark

Sub (0, 2) DM1 | Dep on ¢ present. Expecte =2
Sub (3.-1) —= -1=9k -9+ theirc DMI1
k=213 Al

5

Question 123

@ dy/de=—2(2x—1)>+2

B2,1,0 | Unsimplified form ok (—1 for each error in 27,
“(2x-1)"" and 27

&yl de =3(2x-1)"

B1 | Unsimplified form ok

(11) Set dy/dx to zero and attempt to solve — at least one correct step

Ml

x=01

Al Expect (2.17—].}2 =1

When x =0, d°y/dx’ = -8 (or < 0) . Hence MAX

Bl

When x=1. d’y /dx’ =8 (or > 0). Hence MIN

B1 | Both final marks dependent on correct x and correct
d.zy /dx” and no errors
May use change of sign of dy/dx butnotat x=1/2




Question 124

(@) V:{;;r)f[x3+x2](dr)

M1 | Attempt [p?dx

Al

DM1 | May be implied by a correct answer

1177 Al | Accept 91.9
4 oc If additional areas rotated about x-axis, maximum of
MI1AODMI1AO
4
(i) d_y=l(k; . )*1"1 x(3x2 + Ex) B2,1,0 | Omission of 3x” + 2x is one error
dx 2
tx=3)y=
(Atx=3)y=6 Bl

Atx =3, m=l><i><33=E soi
2 4

DBIift | Ft on their dy/dx providing differentiation attempted

. . 4
Equation of normal is y—6= —H(x—j)

DM1 | Equation through (3, their 6) and with gradient —1/their
m

Whenx:(],y:?ﬁ oe

Al

Question 125

f'(-1)=0 »3-a+b=0 £'(3)=0 — 27+3a+b=0 M1 | Stationary points at x=—1 & x=3 gives sim. equations ina & b
a=-6 Al | Solve simultaneous equation

b=-9 Al

Hence f'(x)= 32 —6r—9 — f(x] - 9x{+c) B1 | FT correct integration for their a,b (numerical a, b)
2=-1-3+9+¢ M1 | Sub x=-1, y=2 mto their integrated {{x). ¢ must be present
e=-3 Al | FT from their f(x)

f(3) =k 3k=27-27-27-3 M1 | Subx=3, y=Fkinto their integrated f{(x) (Allow ¢ omitted)
k=-30 Al




Question 126

i ! Bl | 0e
O | [1oennt]
2
L B1 | Must have <x3”
dy_ 1{3“4)2 %3 st have -2
dx [2
r3 B1
Atx=4, di=7 so1
dv 8
M1 |Ify#4i d then clear evidence of substitution of x=4 i ded
Line through (4, theird) with gradient .rheir% Y#is used then clear evidence ot substiuhion ot x 18 nee
5 Al
Equation of tangent is y74=%(x74) or y=§x+'5 os
5
Wiy B1 4
) Areaund.crline:l[4+z]x4:13 OR 2Jc+i={ir2-*—EJr}=[5!+l[}]=13
272 18 2 |16 2
1 [ (3 4)3'2 B1B1 | Allow if seen as part of the difference of 2 integrals
Area under curve: [(3x+4)2 = Ve [+3] First BI for integral without [+3]
I Second B1 must have [+3]
128 16 112 12 4 M1 | Apply limits 0 — 4 to an integrated expression
9 9 9 9
5 Al
Area=13- 12i == (or0.556)
9 9
Alternative method for question 10(ii)
Area forline=1/2x4x3/2=3 B1 49 1 1
OR | —(8y—20)==|4y” —20 |=—|-16+25]=3
3@ -20)=;[4y-20]5[16+29]
3 B1B1
Area for curve = [ 2{)* —4) = ry ,l:ﬂ}
9 3
(64 16} (8 8 ] 32 M1 | Apply limits 2 — 4 to an integrated expression for curve
o 3) 1o 3) 9o
Al
Area= 32 -3= 3 (or 0.556)
9 9
5
(iii) dy 1 B1
dr 2
1 M1 1
§[3J(+4) =1 Allow M1 f01'§[3x+4) 1=2.
2 2 2
1 5 Al
(3x+4)2=3 — 3x+4=9 —» x=To0e
3




Question 127

1) dy _ d—yxg 7% —0.05 M1 | Multiply numerical gradient at x = 2 by +0.05.
dr dx dr o
—0.35 (units/s) or Decreasing at a rate of (+) 0.35 A1l | Ignore notation and omission of units
2
(1) o 4 B1 | Accept unsimplified
(y):'—+— (+¢) o
4 X
Uses (2, 9) in an integral to find c. M1 | The power of at least one term increase by 1.
& 4 Al | A0 if candidate continues to a final equation that is
c=3or (y:)7+; +30e a straight line.
3
Question 128
I ) 1 3 B1B1B1 | B1 Bl for each, without x 4. B1 for x4 twice.
® b_ l(4x+]) 7| [x4] —2(4x+1) 1| [x4]
dx |2 2
SC If no other marks awarded award B1 for both
2 18 or 8x—16 powers of (4x +1) correct.
3 3
Vil (Jax+l)  (axs1)
3 1 B1B1B1 | Bl Bl for each, without + 4. B1 for +4 twice.
Ax+1)2 | | 9(4x+1)2 | + C not required.
Iydr= (T [+ 4]+ % [+ 4] (+C)
3 it
3 SC Ifno oth ks ded , B1 for both
(m) 9 7 rfl()) erm?l awarded , or both powers
7(M)GC) of (4x correct.
6 2
6
(1 dy M1 . dy
@ é =0 — A L} =0 Sets their Ey to 0 (and attempts to solve
Bl (1)
4x+1=9or(4x+1)" =81 Al | Must be from correct differential.
x=2,y=6o0r Mis (2, 6) only. A1l | Both values required.
Must be from correct differential.
3
(1i1) Realises area is [y dx and attempt to use their 2 and sight of 0. *M1 | Needs to use their integral and to see ‘their 2°
substituted.
.. 1 . DMI1 | Uses both 0 and ‘their 2° and subtracts. Condone
Uses limits 0 to 2 correctly — [4.5 + 13.5] — [g +4.5](=13%) wrong way round.
(Area=) 1's or 1.33 A1 | Must be from a correct differential and integral.
3 | 13% or 1% with little or no working scores
MI1DMOAO.




Question 129

)i . . d Bl
® integrating — Zopos (+c)
dx
=0whenx =3 M1 | Uses the point to find ¢ after [ = 0.
c=6 Al
. . . X 5x B1 | FT Integration again FT if a numerical constant term is
integrating again — yz?— 3 +6x (+d) present.
use of (3, 6) M1 | Uses the point to find d after [ =0.
d=1% Al
6
i
@ ¥ syr6=0-x=2 Bl
dx
1
i 2 B1 | www
i) x=3, %=1 and/or +ve Minimum. e
d*y , .
x=2, —=-1 and/or —ve Maximum
dx_
f » A dy Bl | www
May use shape of ‘ +x° curveorchangemmgnofa SC: x =3, minimum, x=2, imum, B1
2

Question 130

i _3 B1
@ 3x—tax (1+4x)2
dy 3 B1 | Must have *x 4°
Y ogxwx (1+4x)2 x4
de
M1 | Use of mymz=—1
Hx=2m= —é , Perpendicular gradient = % B
Ml | C t f i uld it
Equation of normal is y—1 =%(x—2) orrect use of line eqn (could use y=0 here)
. 16 Al | AG
Put y =0 or on the line before — o
5
1(11) H / B1 B1 | Correct without “+4". For 2nd B1, +4".
Area under the curve = | 2 dx= Hl+ax 4
° N1+4x 1
2
Use of limits 0 to 2 — 4% — 1% M1 | Use of correet limits in an integral.
3 Al
. 201 1o M1 | Any correct method.
Area of the triangle = %2 x 1 x — = — or attempt to find | (—x—B]a‘x
9 9 HI
Al
Shaded area=3 — = =25
9 9
6




Question 131

solve as far as a value for one variable.

; , ) Bl
O Y ey
dx
. 1 M1 | m must come from differentiation
Whenx =2, m=-2 — gradient of normal = ——
m
. . Al . . 1.
Equation of normalis y—3=%(x-2)— y=%x+2 AG Through (2, 3) with gradient —— . Simplify to AG
m
3
(i) (3’ (dx), ( H)ny [cbc) *M1 | Attempt to integrate y* for at least one of the functions
{Tr)j(%x + 2)1 or [%x2 +2x+ 4] ALAL A1 for (Ax+ 2)2 depends on an attempt to integrate this
{rr)j((x—l)_d +4(x—1)_2 +4) form later
(n)[%{%t + 2)3 or Lr+x'+ 4x} A1A1 | Must have at least 2 terms correct for each integral
3 1
( n)[ﬂ s A1) i 4x}
-3 -1
5 ! ’ - . ] DM1 | Apply limits to at least 1 integrated expansion
(I){18—20r2+4+8—{L+1+4J} {—1—2+12—(—1—4+8]} i gredep
12 3 12 24 3 .
Attempt to add 2 volume integrals (or 1 volume integral + frustum) DM1
x{?i+ﬁi}
12 24
Al _ _
131Jr01' Hrr or 13.97 or 43.6 E+4-¢-8—(L+1+4] —1—2+12—[—1—4+8}
8 8 3 12 24 3
8
Question 132
B1 | OE
Jor kyx
0o BB e
1 1
241 =
2
Substitutes both points into an integrated expression with a ‘+¢’ and M1 | Expecttosee—1=2k+cand4=4k+c

k=2%andc=-6

Al

WWWwW

y=5Jx—6

Al

OE
From correct values of both k & ¢ and correct integral.




Question 133

Use of Pythagoras — r* = 15 — i M1
V="%n(225— K’) x h—> %n(225h - 1*) Al | AG
WWW e.g. sight of r = 15— h gets AQ.
2 =
B1
(ﬂ =JE (225-3h)
dh /3
. dv M1 | Differentiates, sets their differential to 0 and attempts to solve
Their —-=0 at least as far as h* # 0.
(h =) \75, 53 or AWRT 8.66 Al onore —/75 OE and ISW for both A marks
£k = M1 | Differentiates for a second time and considers the sign of the
3 a (=6h) (— —ve) second differential or any other valid complete method.
— Maximum AITFT | Correct conclusion from correct 2nd differential, value for h
not required, or any other valid complete method. FT for their
h, if used, as long as it is positive.
SC Omission of w or g throughout can score BOM1A1IMI1A0
5

Question 134

Atd x="%.

B1 | Ignore extra answer x=—1.5

% = 2 —> Gradient of normal (=)

*M1

With thewr positive value of x at 4 and their % , uses

mymy =—1

Equation of normal:
y—0=-Y(x-1%) ory—0=—4(0—1%) or 0=—Yaxts +c

DM1 | Use of their x at 4 and their normal gradient.

B (0, %) Al
4
AtAd x="%. B1 | Ignore extra answer x =—1.5

% = 2 —> Gradient of normal (=—%2)

*M1

dy

With their positive value of x at 4 and their et uses

mymy =—1

Equation of normal:
y—-0=—Y(x—%) ory—0=-%(0—¥) or 0=—Yax¥: +¢

DM1 | Use of their x at A and their normal gradient.

B(0,%)

Al




Wiit) L *M1 | [y dx SOI with 0 and their positive x coordinate of A.
K 4 &
|1_ 7 (dx)
o (2x+1)
[Ya+1]1-[0+2]=(—%) DM1 | Substitutes both 0 and their ¥ into their [ydx and subtracts.
. . 1 B1
Area of triangle above x-axis = % x % x % :E
Al | OE (including AWRT 0.563
Total area of shaded region = % (including )
Alternative method for question 10(iii)
[ 1 1 *M1 1
I I —:(dy) Jxdy SOL Where x is of the form k| 1—y) 2 +¢ | with 0 and
2a-y?
their negative y intercept of curve.
3 DM1 | Substitutes both 0 and their —3 into their fxdy and subtracts.
[2]-|4+2 =)
2
. . 1 Bl
Area of triangle above x-axis = % x % x ¥ [:E}
Al | OE (including AWRT 0.563
Total area of shaded region = % (including )
Question 135
M1 | SOI

Attempt to solve f'(x)=0orf'(x)>0orf'(x)=0

x=2)(x-4) Al | 2 and 4 seen
(Least possible value of nis) 4 Al | Acceptn=4or nz4
3
Question 136
(@) = [(5x-1)" =2 =5] [-2x B1
¥y [( ) 2 ] [ ] Bi
32 .27 Cdie M1 | Substitute x=2,y=3
(3/2)x5
2(5 ].2 Al
-1)2
7 18_17 | yzu_zx_,_ﬂ
5 5 15 5
(i1 2 42 [ -172 B1
@ | @ty rad =[r(se-)™] [x9] o
12 MI1Al
(@) (5x-1)7-2=0 — s5x-1=4 Set cd]’;:l]andattemptsnlutinn(lv[l)
x=1
7 - Al )
yol6_, 17 37 0r2.470r[1,£J
25 5 15 15
2., Al | OE
dy ='—q'><l=£ (> 0) hence minimum
dx 2 2 4




Question 137

i) (y=) (x+ 2)3 -1 B1 | 2nd B1 dependent on 2 in bracket
i DB1
x+2=(2)(y+1)"* M1
x=—2+(y+ 1)1"'2 Al
i) K= 4+(y+1) ,,.-'+4(y+ 1)% *MI1AL1 | 5Ol Attempt to find x” The last term can be — or + at this
stage
A21,0
) 2 +1 ¥3
(m)fx* (dy)=(x)| sy +=—- (y3 )
2
DM1 | Apply y limit:
fis2-2 (52 oyl
2 3 2
Al
Sn or 8.38
3
Question 138
f'(x):[—[3x+2)_2:|x[3] +[2x] B2,1,0
<0 hence decreasing B1 | Dependent on at least B1 for f’(x) and must include <0 or
‘(always) neg’
3
Question 139
(mI(y-1)dy *M1 | SOI
Attempt to integrate x” or (y—1)
2 Al
V
25 1 DM1 | Apply limits 1 — 5 to an integrated expression
(-5
8mor AWRT 25.1 Al
4
Question 140
Y2 B1
dx
dy 4 B1 | OE, SOI
dc 6
M1
their (2x —2) = their 4 LHS and RHS must be their % expression and value
4 Al
x=— oe
3
4




Question 141

(a) 1 M1 | SOL
2(a+3)2-a=0 dy
Set o 0 when x = a. Can be implied by an answer in terms of a
4(a+3)=a’ »a’*—4a-12=0 M1 | Take a to RHS and square. Form 3-term quadratic
(a—-6)(a+2)— a=6 A1l | Must show factors, or formula or completing square. Ignore a =-2
SC If a is never used maximum of M1A1 for x=6 ,with visible
solution
3
m) | g H Bl
3}; =(x+3) -1
2 M1A1 | A mark only if completely correct
Subtheira—rd—f:l—l:—g(or<0)—) MAX 2
3 3 If the second differential is not -3 correct conclusion must be
drawn to award the M1
3
Wc) 2(xe3)F B1B1
_ [
62 L2 )
3 M1 | Substitute into an integrated expression. ¢ must be present.
Sub x = their a and y = 14 —)14:%{9)5—18+c Expect c=—4 = B B
3 Al =
y:i(x+3)5—lr2—4 Allow f(x)=....
3 2
4

Question 142

3 1
3xT 37 B1 B1
(V)= (%)
2 2
7=16—12+¢ M1
(M1 for subsituting x = 4, y =7 into their integrated expansion)
y=2x%—6x%+3 Al
4
Question 143
dy |1 =y B1B1
_{_(sx_l) lz}x[s]
de |2
dy _dy ] M1
Use — =2X| their—whenx =1
se s ( o
> Al
2
4
2xtheir>(5x—1)"2 =2 oe M1
2 8
(5x-1)"" =8 Al
x=13 Al
3




Question 144

@ Q:sz —4bx +b* B1
dx
3x" —4bx+ b =0 - (3x-b)(x—b) (=0) M1
x:2 or b Al
3
a :g = b=3a AG A1
Alternative method for question 11(a)
; 3 B1
i:.3Jr2 —4bx+b*°
dx
M1
Sub b = 3a & obtain 3’:20 when x = a and when x = 3a
2 Al
?lx—';":éxflza
<0 Max atx =a and > 0 Min at x = 3a. Hence b = 3a AG Al
4
() Area under curve = ]{x3 —6ax® +9alt)dr M1
4 2,2 B2,1,0
X ot 420X '
4 2
4 1 4 M1
gt y2at (LMat
4 2 4
(M1 for applying limits 0 — a)
Whenx=a, y=a’ —6a° +9a° =4a° Bl
Area under line = %a xtheir 4a’ M1
4 Al
Shaded area = g—21'1'1 € ia“
4 4
7
Question 145
M1
Volume after 30 s = 18000 %m‘s =18000
r=16.3cm Al
2
dv B1
— =4
dr
dr  dr de_ 600 M1
dt dV dt 4w
Al
% =0.181 em per second




Question 146

i 36 *M1
@ Volume =n [ x2dy=n]—dy
B
{735} Al
=g 22
¥y
Uses limits 2 to 6 correctly — (121) DM1
Vol of cylinder = . 124 or [lz.dy =[y]from2to 6 M1
Vol=12n—4n=8xn Al
5
(b) dy _ -6 B1
dc  x?
— M1
o -2 —=x= J’;’
6 . Al
= =23 Liesony=2x
¥ N ¥
3
Question 147
) , B2,1
@ | &gy gr 7y
dx
&y B2,1FT
— =-24(2x -
)
(FT only for omission of ‘%2 * from the bracket)
4
) M1
® &, (2x-7)" =9
dx
x=5,y=243 orx=2,y=135 Al Al
3
) d: BIFT
© x=5 dxy =—72 — Maximum
(FT only for omission of ‘%2 * from the bracket)
a2y . BIFT
x=2 = =72 — Minimum
(FT only for omission of ‘X2 ” from the bracket)
2




Question 148

y B1B1
® % =3(3-2x) x —2+24 = —6(3—-2x) + 24
(B1 without x—2. B1 for x—2)
doy BIFT
=2 =12(3-20)x2 =24(3-2) B1
(BIFT Erom% without — 2)
4
M1
® D) hen 6(3-2x)" =24 = 3-2x=2%2
dx
x=Y,y=20 or x=2%,y=52 AlAl
(A1 for both x values or a correct pair)
3
& B1FT
@ Vgre—1 £ _ 48 Minimum
d;('_‘
2y BIFT
Ifx=2% £ — 48 Maximum
dxz
2
Question 149
L . . M1
() Simultaneous equations ¥ _ 4—Yax
x+2
x=0 orx=6—4(0,4)and B (6, 1) B1A1
| Bl
ac—— -1 cpo
(x+2)2 2
. _ B i . MiAl
(B1 for the differentiation. M1 for equating and solving)
6
I(b) s M1
Volume under line = th(—%x+ 4)3dx = I{f—_}— 2x*+ 16x:| = (42n) A2,1
(M1 for volume formula. A2,1 for integration)
g A1
8 64
Volume under curve = I-.-(_J dx = Tl'|:—:| = (24m)
x+2 x+2
MiA1l

Subtracts and uses 0 to 6 — 187




Question 150

() dy |22 x 22 (o)) B2, 1,0 ([O]) implies that more than 2 terms counts as an error
dx 2k 2
dy 1 1 M1
Sub kol 3 when x=— Expect 3=—-4
dx 4 k
Al
= %(01 0.143)
4
(b) 1 1 9532 % B2,1,0 | OE
2, 172 _ 112
IF‘ B i { o }r[za ]+|ik_2j|
2% K 1 M1 o B s ; :
2 soapey | L2 kgl Apply limits —— &k~ to an integrated expression.
3 12 4 4
Expect lkl +1H—é
12 4
7 3 13 M1 13
—Zk2 +k i = T Equate to B and simplify to quadratic.
OE, expect 7k* +12k—4 (=0)
2 Al c—2)(k = : : i
=2 ity loc580) Dependent on (7k—2)(k+2) (=0) or formula or completing
7 square.
5
Question 151
(a) dy e B1B1
a=[2] [-2(2x+1)7]
2 - B1
% =8(2x+1)"
8
(b) Cdy ) M1
Set their & 0 and attempt solution
@x+1)y=1—2x+1=(%)lor &’ +4x=0— @n(x+1)=0 M1 | Solving as farasx = ....

2

; 1 5 5
= > () from a solution x> _E hence minimum

2= Al | WWW. Ignore other solution.
0,2) Al | One solution only. Acceptx =0, y=2 only.
d’y B1 d’y

Ignore other solution. Condone arithmetic slip n value of

e

2

&2
Their J,)
dx”

-3

must be of the form & (2x+1)




Question 152

(@) —2 B1 Integrate f{x). Accept —2(x+ 2)71 . Can be unsimplified.
x+2
[ QJ 2 M1 A1 | Apply limit(s) to an mtegrated expansion. CAO for Al
o—|—=| =2
3 3
3
(b) -l=-2+c¢ M1 | Substitute x=—1,y=—1 mto their integrated expression (¢
present)
3 -2 +1 Al Accept y=-2(x+ 2)7l +1. -2 must be resolved.
Tox+2
2
Question 153
(a . B2, 1, 0 | B2 for all three elements correct, B1 for two elements
dy 8
(==)=18] X[(3 -2x)7 } +[-1] :m -1 correct, BO for only one or no elements correct.
&2y 43 B1 FT | FT providing rheir bracket is to a negative power
— =-3x8x(3-2x)"x(-2 =
d? G230 (3-2x)°
"y 1 i B1 B1 B1 | Simplification not needed, Bl for each correct element
fdx =[3-29"'"1[2+(-1x -] [ %] (+¢) | = S e
3-2x
6
b dy M1 | Setting their 2-term differential to 0 and attempts to solve
Y =0 (20888 3-20=k— 2= s :
5 VoG 2)E g3 -2x=k—x= as far as x =
1 Al
2
Alternative method for question 10(b)
. 2 h o _ M1 | Setting y to 0 and attempts to solve a cubic as far as x =
y=0= (G-2x) —x=0-(x-2)2x-D*=0-x= (3 factors needed)
1 Al
2
2
(c) { 1 ]2 M1 | Using their integral, their positive x limit from part (b) and
5 0 correctly.
Area under curve = their % R —[ L__. }
3_2)((_] 2 3-2x0
.
1 Al
24
2




Question 154

@) £'(4) (:j) *M1 | Substituting 4 into £'(x)
2
dy_dv DM1 ilies their
(dlzdf‘xé} 3 (ﬂ} _>3 %012 Multiplies their £'(4) by 0.12
dt  dx dt dt 2
Al | OE
[ & =] 03
dr
3
(b) X X B1 B1 | Bl for each unsimplified integral.
6x* 4x (+¢)
L1
2 2
Uses (4, 7) leading to ¢ = (-21) M1 | Uses (4, 7) to find a ¢ value
1 A 8 Al | Need to see y or f(x) = somewhere 1n their solution and 12
yorf(x)=12x2+8x 221 or 124x +—=-21 and 8
Jx
4

Question 155

(2)

(b)

4 1 *M1 .
4x? —2x=3-x —x—4x* +3(=0) 3-term quadratic. Can be expressed as e.g. u* —4u+3 (=0)
d i DM1
x2 =1 x2=3|(=0) or (u—1)(x—3)(=0) Or quadratic formula or completing square
p Al
x2=13 SOI
x=19 Al
Alternative method for question 12(a)
32 *M1
2| =(3+x) 4
A | =(3 Isolate x?
16x=9+6x+x" — x*—10x+9 (=0) Al | 3_term quadratic
N . DMI1 | Or formula or completing square on a quadratic obtained by a
(x=1)(x=9) (=0) pleting sq q h
correct method
x=19 Al
4
Y2z =
dx
; DB1
% or 2x"% =2 =0when x =1 hence B is a stationary point




1 M1 9 1.5
Area of correct triangle = B 9-3)x6 or !(3*1)(M)=[3X*Ex“:|—> —-18
3
3 B1B1

L 4x2

J(4x? = 2x)(dv) = B
3
64 M1 n 3 ;

(72-81)- (? -16 Apply limits 4 — their 9 to an integrated expression
141 Al | OF
Shaded region = 18—-141 =32 Al | OE




Question 156

=112 B1 B1
i"‘i{l(zs—x-)‘ }X[—Zx]
de [2
_ 2 M1 4 !
il = & g _= 16 Set = — and square both sides
(25_\)),,_ 3 25—x 3
16(25-x7)=9x" — 25x% =400 — x=(+)4 Al
Whenx=—4,y=5 — (=4,3) Al
5
Question 157
B1

(Derivative =) 4nr® (— 400m)

SOI Award this mark for d71
dv

M1 | Can be in terms of

50
their derivative
1 Al | AWRT
— or 0.0398
8w
3
Question 158
B1B1

() =343 | ()

T=1+2+c

M1 | Substitute x =2, y = 7 into an integrated expansion (c present).
Expectc=4

2

y= ~(x—3)7' +%x' +4

Al | OE




Question 159

(2) R | _ 5
9| x?—4x ? |=0 leadingto 9x ? (x—4) =0 M1 | OE. Sety to zero and attempt to solve.
x=4 only A1l | From use of a correct method.
2
(b) d R e s
_J’ iy 9 —_— 2 + 6 - 2 2
o > X X B2,1,0 | B2: all 3 terms correct: 9, *;x *and 6x 2
B1: 2 of the 3 terms correct
) 1 6 9 M1 | Using their x = 4 n their differentiated expression
Atx =4 gradient = 9 _E+§ = & and attempt to find equation of the tangent.
Equation 1s y:g(x—4) g y:E_EOE
8 8 2
4
(©) 30 M1 dy
Oy 2 [_Ex i GJ -0 Set their e to zero and an attempt to solve.
x=12 Al | Condone (+)12 from use of a correct method.
2
(d) ' ' B2,1,0 g
il & 2 = x? —4x?
J'g[xz L 1}1,29 i _ 4x 2 B2: all 3 terms correct: 9, v g
1 i) B
> 2 2
B1: 2 of the 3 terms correct
8 M1 | Apply limits their 4 — 9 to an integrated
9 (6 g E] i (4 i+ 4) expression with no consideration of other areas.
6 Al | Use of w scores A0
4
Question 160
@ ax=1, s Bl
dx
dx dx dy 1 1 M1 A1 | Chain rule used correctly.
E = di X; = g X3 :E Allow alternative and minimal notation.
J}
3
i(b) 6(3x—2)" B1BI
[v=] +(3) [+]
-2
-3=-1+c M1 | Substitute x =1, y = —3. ¢ must be present.
y= 7(3x7 2)*2 _2 Al | OE. Allow f(x)=




Question 161

(a)

&

| T I
Ol _liaan

de 2

B1 B1 | Allow any correct unsimplified form

lA:UZ —lkz,\"m =0 leading to L] = . |
2 2 2

M1 | OE. Set to zero and one correct algebraic step
towards the solutions.

)

must only have 2 terms.

(k2.2k) -
4
(b B1 | OE
® | henx = 412 d_y:[L_L:}i
dx 4k 16k |16k
B1

sk
}":{2k+k2xi}: ]‘
2k 2

k
OE. Accept 2k + =

Sk 3

M1 | Use of line equation with their gradient and

)
Equation of tangent is y—? - lé_k(x_4k2) or y=mx+ec—>—= (4k?')+c (42, their y) ,
5k 3k 2 Al | OE
When x=0, y= —A—ﬁz a? or from y=mx+¢, c=
2 4 4
4
(c) g ; B1 | Any unsimplified form

1 1 2x2 =
I[xz +E'x 2]dx——3 +2k°x2

-3 ;3
(ﬂ+4k’}7(&+3k3]
3 4

M1 9
Apply limits Zkz —4K” to an integration of y.

MO if volume attempted.

495°
12

Al | OE. Accept 4.08 k°

Question 162

[£(x)=] ((2.\'—1)”))<(%X2X%J (=2)

B2,1,0

2

Expect (2x¥l)“ -2

(2x—1)"-2<0 > 2x-1<4 or 2x-1<4

M1

SOI. Rearranging and then squaring, must have
power of %2 not present

Allow “=0at this stage but do not allow * > 0’ or
3 ) 01

If “-2° missed then must see < or < for the M1

Value [of a] is 2%z or a =2

Al

WWW, OF e.g.% 25

Do not allow from ‘=0’ unless some reference to
negative gradient.

Question 163

[£(x)=] 2+° +§ [+¢]

B1

Allow any correct form

7=16+4+c M1 | Substitute {f{2) = 7 into an integral.
¢ must be present. Expect ¢ =—13
Al ;= ) ier i
£(x)= 94 +§ 13 Allowy =, f(x) ory can appear earlier in
X answer




Question 164

; o d 2 Ml % ; d so o
@ At stationary point Ev =0 so 6(3x2—- 5}3 —kx2° =0 Setting given a’v =0 and substituting x = 2 into it.
3 Al | OE
r=1=
[ ]2
2
6 1 *M1 - . . dy
®) [v :]m(l\c— 5)4 —§!oc3 [+¢]. ALET | Integrating (increase of power by 1 in at least one term) given Ey
1 1+ 1
. Expect —(3x-5) —=x".
pect —(3x=5) ~
FT their non zero k.
7.1 @ T B oy . _ DM1 | Using (2,-3.5) in an integrated expression. + ¢ needed.
3 ‘E(SX 2-5) - 375% 2 +c [leading to —3.5+¢=-3.5] Substitution needs to be seen, simply stating ¢ = 0 is DMO.
1 3 13 Al | y = or f(x)= must be seen somewhere in solution.
y=—(3x-5) —=«
2 2
(b) Alternative method for Question 11(b)
81 541 s - *M1 dy 2 2 .
[y=]5 2" ==+ +675x = 750x(+¢) or 270" - fc% Al FT | From E}E =162x" —810x* —kx* —1350x 750 . FT their k
@ :Ex 5t —Ex 2 4 6T5% 2 — 750X 24 ¢ DMI1 | Using (2, -3.5) in an integrated expression. + ¢ needed
2 2 2
. :ﬂx“ _Ef L6754 — 750x+@ Al | y = or f(x)= must be seen somewhere in solution.
2 2 2
4
(©) 3] 18(3x — 52 (=2 B2,1,0FT | FT their k.
[ x][ (B ][ i Square brackets indicate each required component.

B2 for fully correct, Bl for one error or one missing component,
BO for 2 or more errors.

Alternative method for Question 11(c)

486x% —1623x+1350 or —1620x — 2kx B2,LOFT | FT their k.
B2 for fully correct, B1 for one error, BO for 2 or more errors.
2
(d) &y 5 M1 | OE. Substituting x = 2 into their second differential or other valid
[Atx=2] dxvﬁ =|54(3%2-5)" -4k or 48 method.
[> 0] Minimum Al | WWW




Question 165

Curve intersects y =1 at (3, 1) B1 | Throughout Question 9: 1 < their 3 <5
Sight of x =3
Volume = [r][(x—2)[dx] M1 | M1 for showing the intention to integrate (x—2).
Condone missing 7 or using 2 7.
iz 1 4 Al | Correct integral. Condone missing n or using 2 m.
[n] —x~—Dx'|or [n] f(x— 2)
2 2
52 their3? M1 | Correct use of ‘their 3” and 5 in an integrated expression.
= [T[] 7 —2x5 (- 3 —2xtheir3 Condone missing © or using 2. Condone +c.
Can be obtained by integrating and substituting between 5 and 2
5 3 £ . : and then 3 and 2 then subtracting.
= [7{] 7 + 7 as a minimum requirement for their values
Volume of cylinder = nx1> x (5 —their3)[= 2n] B1FT | Or by integrating 1 to obtain x (condone y if 5 and their 3 used).
[Volume of solid = 4w —2n=]2n or 6.28 Al | AWRT

Question 166

@ ﬂ:3(3x+4)*’"‘ -1
dx

B1 B1 | Bl All correct with 1 error, B2 if all correct

Gradient of tangent = w% and Gradient of normal = 4

*M1 | Substituting x = 4 into a differentiated expression and
using mym, =—1

Equation of line is (v —4) = 4(x — 4) or evaluate ¢

DM1 | With (4, 4) and their gradient of normal

Soy=4x-12

Al

® | 33x+4) 120

Setting their ﬂ =0
d".

Solvi fi x= Ml ) ¥
SRR Where i\l contains g (bx+c) % 4, b, c any values
0.5 Al
,x:é, y:2(3><7+4] —7:E
3 3
3
c 2 M1 )
© dy _ 72(3,\4 4)"'5 ) Differentiating their d—“"OR checking @B to find +ve
&’ dx dx
and -ve either side of their x :%
5 d*y . . .. " Al
At x= 3 d.x'z is negative so the point is a maximum
2

@ | Aea= [[2(3x+4)" —xdv=] g(3m‘+4]l'5 —%xl

B1 B1 | B1 for each correct term (unsimplified)

4 vs lp ) 4p s 256 32 M1 | Substituting limits 0 and 4 into an expression obtained
5(16) _5(4) _5(4) 9 T g by integrating y
Al
16— Or oL,
9




Question 167

1 B1 B1 | OE. Accept unsimplified.
[re)-Set (ol copt wasimplifi
5
M1 a2 . .
4=-8+ 5 +ec Substituting ;,4] into an integrated expression
y= —L+8\-4 +§ Al | oE. Accept —i ; must be 8; y = must be seen in
x 2 working.
4
Question 168
(a) {5(y—3)l} [+5} B1B1 | Accepta=-3,b=5
2
(®) [£(x) =]5x* —30x* + 50 Bl
2 2 2 ~ M1
S(x —3) +5 or b” < 4ac and at least one value of £*(x) > 0
> 0 and increasing Al | WWW
3
Question 169
(a 3 1 M1 N /
G J'{;_ 52— sz G OR as 2 separate integrals I{%—xm ]dx—](x_l’l)dx
5 3 2 A1l A1 A1 | If two separate integrals with no subtraction SC B1 for
Ex—;)f {-}q2x2 each correct integral.
16 5 DbM1 : |
10——4 |- =——-1 Substitute llmltsz — 4 at least once, must be seen.
3 8 12
— Al | WWW. Cannot be awarded if @ appears in any integral.
= orl.
6
(b) v |1 ‘,é B1
& | 2
1 M1 | Substitute x = 1 into a differential.
Whenx=1,m= ——
2
i i —1=2(x— M1 1 1-
[Equation of normal is] y —1=2(x~1) Through (1, 1) with gradient —— or P_ 2
m
[Whenx=0,]p=-1 Al | WWW
4
Question 170
(a) f"(x)z—(%x+k)_3 Bl
7(2)>0 = —(1+ k)’s ) M1 | Allow for solving their £7(2) >0
k<-1 Al | WWW
3




'(b) e 3) B1B1 1 i
flal= (Lx—S)’2 —(—2)’2 dx= (3x-3) . Allow -2 lx+k OE for 1*B1 and —(1+k) ’x OE
2 ~1x1 4 2
for 2% B1
3j=1-3+c¢ M1 | Substitute x =2. y = 31 into their integral with ¢ present.
- Al | OE
£(x) = i 2 s
1x-3)
4
I(c) M1 | Substitute & =-3 and set to zero.

(3x-3)" (-2 =0

leading to (%x—3)2 =4 [%x—3 =(i)2] leading to x =10

Al

(10,-1) Al | Orwhenx=10,y=-1-21 +3=-1
f”(m)[:-(s-3)’3 —a} <0 — MAXIMUM Al | W
4

Question 171

@

®)

dv 1 " 1 B1 | OE. Allow unsimplified.
el N
% 3(x-2)3
*M1 | Substituting x = 3 into their differentiated expression —
Attempt at evaluating their ﬂ ate=15 l + 1 - j defined by one of 3 original terms with correct power of x.
dx o6
3(3-2)3
. *DMI1
Gradient of normal = ! = _ﬁ Negative reciprocal of their evaluated ﬂ .
. dy 5 dx
their—
dx

Equation of normal y —g = (their normal gradient)(x - 3)

[y = —gx—f— 48=5y= —6x+24}

DM1 | Using their normal gradient and 4 in the equation of a

straight line.
Dependent on *M1 and *DM1.

[Wheny=0,]x=4 Al | or (4,0)
5
M1 | For intention to integrate the curve (no need for limits).
Area under curve = | % # +% _ 1 . [ dx] Condone inclusion of x for this mark.
(x-2)3
L A1 | For correct integral. Allow unsimplified.
lxz +lx _ 3(x = 2)3 Condone inclusion of x for this mark.
4 10 2
2 M1 | Clear substitution of 3 and 2.5 mto their integrated
[ 9 +2 1_3 | 625 175 3x0.5° expression (with at least one correct term) and subtracting.
4 2 4 ' 2
0.48[24] Al | If M1AIMO scored then SC B1 can be awarded for correct
answer.
[Area of triangle =] 0.6 B1 | OE
[Total area =] 1.08 A1l | Dependent on the first M1 and WWW.




Question 172

)N(a) . k B1
&) =] 2x-—=
X
’ I M1 | Setting their 2-term f'(2) = 0, at least one term correct and
£2)=0 2X2_§=0 =k=.. attempting to solve as far as k=
k=16 Al
3
(b) 19y = 2k M1 | Evaluate a two term £"/(2) with at least one term correct.
@)=eg 2+ Or other valid method.

7

2k .. .
2 +2—3 > 0 = minimum or = 6 = minimum

A1 FT | WWW. FT on positive k value.

)(c) When x =2, f(x) =14

B1 | SOI

[Range 1s or y or f(x)] > their {(2)

B1FT | Notx > their f(2)

Question 173

SIEAEE)
a | 20 2

B1 | OE. Accept unsimplified.

M1 | Correct use of chain rule with 1.5, their differentiated

dr  dr de i s _ 1.5 _ s expression for ‘jl—V and using r=5.5.
o N v o B = P
ey e 4V 2[5_5_% 112.5
dr 2 2
0.0133 or 1B or Y [ metres per second] =
295 75
3
B1FT . s
® Correct statement involving Z—V or their C:TV 1.5 and 0.1.
r r
i or rheird—V=l; or 15 OR 0.1= 2
dr dr 0.1 AV
their —
dr

2[1‘—1 =15= r=l+ L)
2 2 2 3

B1 | OEe.g. AWRT 2.3
Can be implied by correct volume.

[Volume =] 8.13 AWRT

B1 —3+5J30
OEeg. f\/_ CAO.

Question 174

8 "Bl | For (3x+2)™
3
)= +c
{3~’f+2)[ ] DB1 8
For —
3
M1

w | oo

st 3
3 )

N . . ‘
Substituting (2. 5 g] into their integrated expression —

defined by power = -1, or dividing by their power. + ¢ needed

3(3x+2)

AL | e 5 :—g(sﬂ 2)"+6




Question 175

i(a il B2,1, 0 | Attempt to integrate
(3x-2)
; T
-1/2 { }
_%[0 s 1] M1 | M1 for applying limits 1 — oo to an integrated expression
(either correct power or dividing by their power).
2 Al
3
4
i(b) S (3x— 2)-2 *M1 A1 | M1 for attempt to integrate 3* (power increases); allow 1
[x][y*de=[x|[(3x-2) dY:[R]T error. Al for correct result in any form.
11 DM1 | Apply limits 1 and 2 to an integrated expression and
[x] 5 E_l subtract correctly; allow 1 error.
Sm Al | OE
32
4
(c) dy 3 M1 | M1 for attempt to differentiate (power decreases); allow 1
E:__XB(&Y_Q) 2 error.
_,dv_ 9 *M1 | Substitute x = 1 into rheir differentiated expression: allow 1
Atx=1 S error.
[Equition ofnoil idl] -8 = 2 (5-1) Ol - DM1 | Forms equation of line or evaluates ¢ using (1, 1) and
- 9 gradient :
their—
dy
Al | OE e.g. AWRT 0.778: must clearly identify y-intercept

AtA. y:Z
9




Question 176

(a) =27 -1 B2, 1, 0 | Allow terms on different lines; allow unsimplified.
f(x)=2x" —Tx+4x" [+c]
—1=2_7444¢ leadingto c=[2] M1 | substitute f(1)= — into an integrated expression and
evaluate c.
fx)=2x" —Tx+4x7" 42 Al | OE.
4
'(b) 2x* — 74" —4[=0] M1 | Forms 3-term quadratic in x* with all terms on one side.
Accept use of substitution e.g. 2y* —7y—4[=0].
(2 = +1)( 2o 4] [=0] M1 | Attempt factors or use formula or complete the square.
Allow = sign errors. Factors must expand to give their
coefficient of x? or e.g. y. Must be quartic equation.
Accept use of substitution e.g. (2y+1)(y—4).
Y= [1]2 Al | If MO for solving quadratic, SC B1 can be awarded for
[%]2.
2,3 4 . 1473 B1 B1 | Bl Bl for correct coordinates clearly paired; B1 for each
{3(2) N 7(2}"'5 +2  leading “’M 2, - §J correct point; B1 B0 if additional point.
z(72)3 -7(-2) +3 4 leading to | | -2, E]
3 =2 3,
5
€| £ (x)=4x+8x7 Bl | OF
1
'(d) £7(2)=9>0 MINIMUM at x = their2 BLFT | FT on their x = [£]2 provided £"(x) is correct.
Must have correct value of "(x)if x=2.
£'(-2)=—9<0 MAXIMUM at x = their -2 B1FT | FT on their x =[+]2 provided £"(x) is correct.
Must have correct value of f”(x)if x=-2.
Special case: If values not shown and BOBO scored, SC B1
for £*(2) >0 MIN and f"(-2) <0 MAX
Alternative method for question 9(d)
Evaluate f'(x) for x-values either side of 2 and -2 M1 | FT on theirx = [i]2
MINIMUM at x = their 2, MAXIMUM at x = their2 A1FT | FT on their x = [i]Z . Must have correct values of f-(_,() if
shown.
Special case: If values not shown and MOAO scored SC B1
f'(2) —/0/+ MIN and f'(-2) +0/— MAX
Alternative method for question 9(d)
Justify maximum and minimum using correct sketch graph B1 B1 | Need correct coordinates in (b) for this method.




Question 177

() dy [ ;o 21 [ B2,1,0
= ={-k(3x—k)7} b3} {+3}
-3k . M1 y .
———+3=0 leadingto (3)(3x— k) =(3)k Set Y_o and remove the denominator
(3x—k) dx
leading to 3x—k= [i]ﬁ
k++k Al|OE
e
4
(b) of ) B1 | Substitute x = a when k=4, Allow x=2.
a= 473\[1 leadingto a=2
£(x)= f'[712(3x—4)_2 +3} = 12(3x-4)" BL| Allow 18k (3x— k)
>0 (or 9) when x =2 — minim B1FT
e & FT on their x = 2, providing their x > %and £”(x) is correct
3
{c " 3 M1 | Condone one error.
© Substitute k=—1 leading to g’(x)=—— ~+3
3x+1)
2'(x)>0 or g'(x) always positive, hence g is an increasing function Al | WWW. A0 if the conclusion depends on substitution of

values into g'(x).

Alternative method for question 11(c)

k+-Jk

fo
decreasing

when & =-1 has no solutions, so g is increasing or

M1

Allow the statement ‘no turning points’ for increasing or
decreasing

Show g’(x) is positive for any value of x, hence g is an increasing
function

Al

Or show g(b) > g(a) for b> a — g hence g is an increasing
function

2
Question 178
(@) (72 )2 +y' =8 leadingto y=2 leading to A:{O,Z} B1
Substitute y =their2 into circle leading to (x - 2}2 +4=8 M1 | Expectx=4.
B=(4.2) Al
3
(©) Attempt to find [E]I(S ~(x-2) )d\' £
3 Al
x=2 3
[n]{%x (\)} or [Il']|:81‘ —(L ~2x? +4\'H
3 3
: ( DMI1 | Apply limits 0 — their 4.
[n][SZ—EJ or [n]ﬂ%z—tﬁ—szﬂﬁﬂ =S
3 3
Volume of cylinder = nx2*x4=16n BIFT

OR from n[2%dx with their limits from (a).
FT on their A and B

Volume of revolution = 2621 —161=|1027

Al

Accept 33.5




Question 179

z 4 B1B1 y
Iv3  x3 % and i may be seen as sums of 1 and a fraction.
[f( )= =3 7 [+c]
3 3
5=12-12+¢ M1 | Substituting (8.5) into an integral.
2 4 Al | Fractions in the denominators scores AQ.
-3

Question 180

@ 4x+2)" r y
{(1}{4} or eg {%} {7(x+0.5) } or (163;718)

B1B1 | OE If more than one function of X present then BO BO.

0-(-1/24) M1 | Apply limits to an integral, oo must be used correctly.
1724 Al | Allow 0.0417 AWRT.
4
(b _ B1 B1 | Allow unsimplified forms.
®) Q:{72(4x+2)3} (x4} 3
dx
d B1 | SOI
Recognise Y-,
dx
-8 M1 | Must be numerical.
their ————— = their -1 i
(4x + 2) Must be some attempt to solve their equation and a} #0.
(0, ¥4) Al Al | Acceptx =0, y = Y4. y = % must be from x = 0 not x = —1.

Question 181

i(a) [dl :} Vo V2 0y

B1 B1 | Allow unsimplified versions.

M1 | Substitute x = 1 into a differentiated y.

3
Equation of tangent is y—5= o (x-1)

Al
WWW Or y:f%erg.

® |2
3/2

B1 | OE Integrate to find area under curve, allow unsimplified
versions.

[(55]

M1 | Apply limits 1 — 16 to an integrated expression.

Area under line =15 x 5=75

B1 16
Or by J.de.
1

Required area=75—-66=9

Al




Question 182

(@ d 1 1 Ji. B1 B1 | Correct differentiation of 3x +1 and no other terms and correct
—y:{3}+ —4x—(Bx+1) 2x3} =3-6(3x+1) 2 i
dx 2 differentiation of —4(3x+1)z. Accept unsimplified.
&2y 1 3 3 B1 . . Ldy
A e 1 ~6(3x+1)2x3[=9(3x+1) 2] WWW. Accept unsimplified. Do not award if — is incorrect.
& | 2 d
3
(b) dy 1 M1 . dy
—=0 leadingto 3—6(3x+1)2=0 Setting their — = 0.
i eading to (3x+1)2 g their —
& . Al | CAO —do not ISW for a second answer.
(3x+1)2 =2=3x+1=4 leadingto x =1
y =—4 [coordinates (1, —4)] A1l | Condone inclusion of second value from a second answer.
d’y -2 9 - Al ) .y d*y )
& = 9(3 x1+ 1) 5 = gor > 0 so minimum Some evidence of substitution needed but =k Do not award if
&’y . .
Sy is incorrect or wrongly evaluated. Accept correct
consideration of gradients either side of x =1.
4
Question 183
Line meets curve when: M1 | Equating line and curve and rearranging so that terms are all on

L L
2x+2=35x2 leadingto 2x— 5x2+2[=0]

or 4x* +8x+4=25x leadingto 4x* —17x+4[=0]
2
- x:% leading to 2y* — 25y +50[=0]

same side, condone sign errors, and making a valid attempt to

solve by factorising, using the formula or completing the square.
1 1

Factors are:(2 x2 -1)( x2-2), (4x-1)(x-4) and (2-5)(3-10).

1 Al | SC: If M1 not scored, SC B1 available for correct answers, could
+ 4 x=4 just be seen as limits.
i 1 *M1 | Intention to integrate and subtract areas. Condone missing brackets
Area= [5x? —(2x+2)dx= [5x? —2x-2 dx and/or subtraction wrong way around.
10 2 4 DM1 a3
|22 _x22x| = [(ng,lé,g),[gxl,i,ln Integrating( /x? seen) and substituting ‘their points of
3 i 3 3 8 16 2 intersection’ (but limits need to be found, not assumed to be 0 and
4 something else).
45 13 Al | OE exact answer.
T6 or ZE or 2.8125 45 45 ' .
Condone g if corrected to T AO0 for inclusion of 7.
SC: If *M1 DMO scored, SC B1 available for correct answer.
Question 184
3 B1 B1 | Marks can be awarded for correct unsimplified expressions ISW.
3(4x—T7)2 4 > 1 .
=] 7(3’“ e -3 {:2(4x7)28x3 [+¢]
24 =
2 2
8 Npal 2 M1 Srcsp o .
5= 5(9)1 —8x4Z +c [=c=5] Using (4, E) in an integrated expression (defined by at least one
correct power) including + ¢.
3 3 1 A1l | Condone ¢ = 5 as their final line if either y = or f(x) = seen
y= g(4x - 7)1 —8e 5 elsewhere in the solution. Coefficients must not contain

unresolved double fractions.




Question 185

@ | a’y 4 2y B1 . T2y y
—’Z = 6(—1)2 - 5 > 0., minimum or —; =10 . minimum Sub x=-1 info —1 . correct conclusion. WWW
dx (- 1) dx dx
1
(b ) *M1 2y
L & =2+ %[-FC] Tntegrating L : (at least one term correct).
dr x X
0=-2+2+c¢ leadingto c=[0] DM1 L dy
Substituting x = 71’(1; =0 (need to see) to evaluate c.
x
DMO if simply state ¢=0 or omit +c.
14 2 . A1 FT | Integrated. FT their non-zero value of ¢ if DM1
Y=y —;+(ﬂ'ieirc)x+k i
9i 1 : DM1 5 9
3 =§ +2+k leadingto k=[2] Substituting x =-1,y = 3 to evaluate & (dep on *M1).
1 2 Al 4
y==x"-Z+2 OEeg 2x7'or—.
% 2
A0 (wrong process) if ¢ not evaluated but correct answer
obtained.
5
I(c dy 2 M1 )
© 'f}=2x3+7=0 ﬂreirdj =0.
d x dx
Leading to x° =—1 M1 | Reaching equation of the form x*> =a .
So only stationary poimt is when x = —1 Al | x=-1 and stating e.g. ‘only’ or ‘no other solutions.
3
Kd) dy *M1 d
Atx=1, —=|4 Substituting x =1 into their —.
dx [ ] - de
dy _de dy 1 DM1 | OE Using chain rule correctly SOIL.
—=—x——=—x5
dr dy dr 4
Al | OEe.g 1.25.

|




Question 186

(@)

1 1 b ql,
(3x-2)2 =Ex+l:>3x72= 5x+l) =Zx +x+1

M1

. . 1
Equating curve and line, attempt to square; sz +1 MO

:sixl —2x¢+3[=0][ =" —8x+12=0=>(x—6)(x—2)[=0]

M1

Forming and solving a 3TQ by factorisation, formula or
completing the square — see guidance.

(2,2) and (6,4) A1 A1l | Al for each point, or A1 A0 for two correct x-values.
If MO for solving, SC B2 possible: B1 for each point or
B1 BO for two correct x-values.
4
'(b) [6] 1 > *M1 | For mtention to integrate and subtract (MO 1if squared).
Area= J_rj.((3x72)5 {—xﬂ} [dx]
2
[2] ;
2 3 g o B1 B1 | Bl for each bracket integrated correctly (in any form).
1{—(3:( —-2)2 7{—.\’2 +YH
9 4 e
2 31 9 . 3L DM1 | +(F(their 6) — F(their 2)) with their integral.
iﬂg(m)z i (Z x36+ 6)] _{5(4)2 _(Z x4+ 2]” Allow 1 sign error.
Al | AWRT 0.444.

a
9

Question 187

2o

dx

4
SC1 B1 for 5 if *M1 Bl B1 DMO.

4
SC2 B1 for 3 if *M1 B0 BO DMO, provided limits

stated.

B1 | Allow unsimplified forms.

Allow any or no notation

Substitute x = 4 into their differentiated V,

*M1 | Expect 25.

dx 1 x3.6 (accept ﬂ h, their derivative )
dx 3.6

dt  theirderivative

M1 | Correct use of the chain rule, ignore incorrect

conversions at this pont. Expect 0.144

1 6 100 DMI1 | Correct use of the conversion factors.
= x3.6x—
their numerical derivative 60
Al
:ix3.6xm =024
25 60




Question 188

; e M1
@ 3 — = —E — e.g. 16(a + 2)4 =81 Equate first derivative and —E and move term in
(a +2)4 27 27
a (or x) into the numerator.
ﬁ(aJrZ)z:%%aJrZ:[ir]; M1 | Solve for (a+2) or(x+2)
1 7 Al Al | Allow ‘x =’
a=—— or ——
2 2
4
'(b) 1 B1 | Allow unsimplified form and “y =~
[f()]=—== [+]
(x+2)
5=1+c¢ M1 | Sub x=-1, y=5 into an integral.
1 Al | Allow ‘y =
[f@)]=——
(x+2)
3
Question 189
@ | 24 (2x—1) —2[=0] > 5x* —4x—1[=0] *MLAL | or 5,7 4257 [=0].
(Sx + 1)(x i 1)[: 0] or (5},» e 7)(3; — 1)[: 0] DM1 | May see factors or formula or completing square.
x=1 y=1 or(l, 1)only Al | May be implied on the diagram.
4
(b) b *M1 Al : - )2 . 2 X A
(iT)J‘(2 7x2)dx A (JT){Z.X*JLTJ Attempt integration of y~, allow J.(Z ¥ )d} :
F:
3 DM1 | Apply limits 1 — V2.
(ﬂ)[zﬁ@](zl})
3 3
T Al T " .
;(4«/575) CAO, allow ?(2\/§75) , must be in given form.
4
)(c) B1 | Must be exact.

2
oe
4

Arc length = 2(21\/5 or

Perimeter = ﬁ + their arc length

B1FT

Must be exact, do not allow inverse trig functions.




Question 190

(a) 3 1 B1 B1 | Marks can be awarded for correct unsimplified expressions, 1
3x2 3x2 % 1 mark each for contents of { } ISW.
[v=] +{———t+c] | =2x2 —6x2
2 1.
2 2
3 1 M1 | Correct use of (3,5) in an integrated expression (defined by at least
5=2x3*-6x3% +c one correct power) including + c.
3 1 A1l | Condone c =5 as their final line if either y = or f(x) = seen
y=2x2-6x2+5 elsewhere in the solution, but coefficients must not contain
unresolved double fractions.
4
(b) L 1 M1 | Setting given differential to 0.
3x2 -3x 2=0
[x=]1 Al | CAO WWW Condone extra solution of —1 only if it is rejected.
2
(c) x>1 or x> “their 8(b)” BI1FT | Allow >
1
Question 191
4 ) 2 ) B1 . dy L
(a) dl _ Sx oy 2 (x*ﬁj +§ Org(x7§) 49 OE Either EJ or a correct expression in completed square form.
de |2 4 3 9 4 3 R ]
Allow unsimplified.
24 B1 | OE Condone 2.67 AWRT.
x=—
9
y=2 B1 | CAO
b 8 . 8 .
Note: x = — =—Bl; substitute — for x in y =B1; y=2BI.
a3 3
3
(b) 3 3 M1 | Intention to integrate and subtract areas (either way around). Can
[Area=] || 18— gxz — [fxz —12x+1 8) dx be two separate functions or combined.
Using »* scores 0/5 but condone inclusion of 7 except for the
final mark.
Note: Subtraction not required for these marks. B1,B1 | One mark for correct integration of each curve, allow
7 unsimplified.
3x2 9x°  12x° 7
Eith tel 18x] - : = +18x I3 3| (30 e
ither separately [ x] = [4><3 > [ A]J [134\]7*}2 (71 —6x [+18x])
8x— 28 4
2 3 or [1 Sx] 7ix% 73,\‘3 +6x° [718x} BUT condone sign errors
. 3x2 9y’ 12x7
Or combined [1 8x] o X + x [71 8x] 28 4_ )
g 7 4x3 2 that are only due to missing brackets.

3 13 M1 | Clear substitution of 4 into at least one integrated expression
=|- 2‘8 x 42 7‘Z>< £ 4+ 6x4° [7(0)] (defined by at least one correct power) which can be unsimplified.
~ 240 A1l | SC: If all marks awarded except the final M1, SCBI is available
She Bl for the correct final answer.

5




(c) dv ]-5x3 x% B fEx;; B1 | Allow unsimplified.
dr |2x8° | 16
) ¢ ) M1 p
d_y =ﬁ X E = Q: B x8x2 Substitute x=4 into their d—} and multiply by 2.
dt  dx dr dr 16 dx
—15 A1l | Accept decreasing [at/by] 15
3 | Note: If incorrect curve used, this 1s not a MR and only M1 mark
: . 9(4)
1s available. Expect (7 —12)x2[=12]
Question 192
— M1 )
@ 12(1 X6,1j = 12(2)‘4 :E Substitute x =6 into d—} SOI by gradient ! used.
2 4 dx
3 Al 3 1 3
—4=—(x-6 OEe.g. y=—x—— orevaluatescin y=—x+c¢
y—4=2(x-6) B Yy g =4
3
OR evaluates ¢ :7% using (6, 4) and gradient rh ISW
2
(b) 1 -3 B2,1,0
12(5 o l) i 1 3
= —= & 8| .8 —1
[ — 3 { ( g J }
1 =3 M1 | Must have +c.
12x {5 x6— 1) Substitute ¥ =4, x=6 and solve for ¢ in an integrated
-3
4= 1 < [3 4=-8x27+ "} = c=[5] expression. May be unsimplified.
—x-3
2
1 i Al | OE Must see  y="or “f(x)=" in the working.
[y —]78 —x—-1| +5
2
4
Question 193
y 1 B2,1,0
L = L ax * -2
dx 2
1 i a M1 . B dy . . .
0= 5a(9) 2-2 = 7 2=0 =>a= {12] Substitute x =9 and d“x =0 into their derivative and
solve a linear equation for a.
[a=]12 Al

1
|:y =theirax(9)z —18 ::|18

A1 FT | FT on their a.




Question 194

(@) i 12 B2,1,0
f'(x) = 73(71)(4)(4x - p) .
(4x-p)
>0 Hence increasing function BIFT | Correct conclusion from their £'(x).
3
(b) 3 M1 | OE Form horizontal equation. Sign errors only, no
=2 o = (y-2)(4x-p)=-3 or 4xy—py=8x-2p-3 missing terms.
3
May go directly to 4)/:])7—2 OE MI1 Ml
o
3 M1 i ¢ )
4)‘}/*8Xipy*2p73:>4.7&‘()772):1)();72)—3 or e 2+p OE Factorise out [4],\, or [4]) :
x—
3 M1 | OE Make x (or y) the subject.
Y13 - +p
:—p(y ) = x:£7 s or x—2
4(y-2) 4 4y-8 4
[f’l ( ) }p 3 Al | OE in correct form (must be in terms of x).
x)=|=—
4 4x-8
4
© [p=]8 B1
1
Question 195
(a ’ ; . *M1
@ iJ(le’anl)f(%x‘forlex[: ifo”Zf%szrxdx]
4532 5 o2 A2 2 32 B2, 1, 0 | OE Coefficients may be unsimplified.
ek Fp—| et —aht x| Or = - ——
3 6n 2 3 6 2
32 32 44 20 DM1 | £ (F(4) - F(0)) using their integral(s).
t———+8 | ore 0510
3 3 3 3
=8 A1 | Depends on all previous marks.
If *M1 B2 DMO and limits stated, SC B1 for +8
5
(b) dy 1 dy M1 Al | Attempt at differentiating one function.
Upper curve: i =x 2. Lower curve: W =x-1 Al if both correct.
v

: 1 ;
At x = 4: gradient of upper curve = 3 gradient of lower curve =3

M1

Evaluate two gradients using x=4.

a=tan'3—tan"' = [= 71.57-26.57]

| =

M1

Use inverse tan to find angles then subtract.

OR find equations of both tangents then Pythagoras using
a point on each e.g. on axes.

OR cosine rule using intercepts or proportion.

[a=]45°

Al

AWRT




Question 196

dy 1 B1 B1 1
— =9—(3x+1)x2; x{3 May see —(18x+6).
2 -l ) (18x+6)
1 M1 d
—(3x +l) =1 Equate their 2 to 1.
10 dx
»=3 Al
4
Question 197
(@ 3 1 . B1 L 1
_E = 2 +k leading to k=—2 AG Need to see 4 * evaluated as — or better.
42
1
() 1 M1 Al i
[y] =2x*-2x [+c] Allow 1“ —2x.
%
—1=4-8+c¢ M1 | Substitute x =4,y = —1 (c present) Expect ¢ = 3.
1 A1l | Allow if f(x) = or y = anywhere in the solution.
y=2x*=-2x+3 or y=2\/;—2x+3
4
12 A M1
«l & 2=t Set lhez’]‘ﬂ to zero.
dx
1 Al 2
x=Z If (lJ =il max of M1A1 if l3l seen.
2 4 4 2
(Y4, 3Y%) Al
3
@ dly 1 f% B1
&2
<0 (or —4) hence Maximum DB1

1
WWW Ignore extra solutions from x = _Z .




Question 198

(@)

(®)

2-(-1)

3—=2

Gradient of AB =

M1 | Expect 1, must be from Ay /Ax.

Equation of 4B is y—2=1(x—5) or y+l=1(x-2)

Al | OE. Expect y=x-3.

2
[n]szdy= [n]f(yz +1)2 dy = [n]j(y" +2y* +l)dy M1 | For curve: Attempt to square ¥> +1 and attempt
integration.
Subtracting curve equation from line equation
before squaring is MO.
Integration before squaring MO.
5 3 A2,1,0
y Zy s Ly
n)| =—+=—+
][ £+ 24 |
[n]j(y % 3)2 dy = [Jr]j(yz +6y+ 9) dy M1 | For line: Attempt to square their ¥+ 3 and attempt
integration.
y3 ) (y + 3)3 A2, 1, 0 | Not available for incorrect line equations.
[n] —+3y"+9y | or [=@]
3 3
8 1 32 16 1 2 DM1 | Apply limits —1 — 2 to either integral providing
[n]{—+12+18—(——+3—9j} or [n]{—+—+2—( ————— 1)} 3
3 3 SIS 53 they have been awarded M1. Expect 15 z [x]
and/or 39[ w]. Some evidence of substitution of
both —1 and 2 must be seen. Dependent on at least
one of the first 2 M1 marks.
3 DM1 | Appropriate subtraction. Dependent on at least one
Volume = [n] (39-15 g) of the first 2 M1 marks.
2 Al

i bl
:23gn or ?n or awrt 73.5[1327]




Question 199

(a) [‘, :] {Y} {+(,\‘—1)72 3 [+C] B1 B1 | May be unsimplified.
Subx=0,y=3leadingto3=0+1+c M1 | Substitution into an integral, expect ¢ = 2.
. » —2 - n —2 Al ; —2
y=x+(x-1) "+2 or =x+(x-1) " +2 — -2(x-1
= (A ) f(x) ooy 2 50T (x ) must be simplified.
(- 2
4
(b) [Gradient of tangent =] £'(0) = 3 B1
Equation of tangent is y —3 = their gradient atx = 0(x—0) M1* | Expect y =3x+3, normal gets MO.
Intersection given by 3x+3=x+(x— 1)71 +2 DM1 | FT zheir equation from part (a).
Al | WWW AG
2x+1= = = (2x+1)(x— 1)2 —1=0 or solve equation before given
e
form reached and show solution (x =3/ 2) satisfies given result
4
© ; 3 . 2 , ) B1 132
Substitute x :E leading to (ZX i 1)(35* 1) —1 leading to 4x%—1=0. Evaluation of each bracket must be shown. Allow (5]
3
Hence x= = for second bracket. Solution of (2x+1)(x— 1)2 -1=0
If shown in (b) must be referenced here (in part (c)) is acceptable.
3 B1
When x=— »=7%
2
2
Question 200
I(a dv 3 /2 B1, B1 | Including ‘+c’ makes the second term BO.
| [2- {9} +1-2(2x+1)"*x2 .
dx
9_ 3(2x i 1)1“1 =0 leading to 2x+1=9 M1 | Set differential to zero and solve by squaring SOL
Beware 9° —37(2x+1)=0 MOAO.
2x+1=~30r2x+1=19 get MO.
Max point = (4, 9) Al | WWW y =9 must come from original equation.
4
I(b) _ dy M1 . . . dy
When x = 1%, shows substitution or o =3 Substituting x = 1% into their d:x :
v, 3] _ M1 | Substituting into a correct expression for mag.
Gradient of 4B is Sie—d = =L . % a2
12—-T7%| 3
1 ; Al
3 x3=-1. [Hence 4B is the normal]
Alternative method for Question 10(b)
dy . o e LT M1
When x =1% ——=3,[ perpendicular gradient is -1/3]
: ; —x : : Mi
Perpendicular through A has equation y = 3 + 6 which contains B(7.5,3.5) Al
leading to AB is a normal to the curve at A
3




(©) B1 B1 | Integrating y with respect to x.

{9;5} —(2x+1)2

S (Y z

2 =x2
2

9, 1 s (9. ., 1 55 M1 | OE
{57‘5 *g(2X7-5+1) }*{51‘5 —g(2><1.5+1) } or Apply limits 1% to 7% to an integral. Working must be

9 225 1024) (81 32) 1933 149 R
(7x—7—} —(—7;) or ————— or48.325-3.725

2 4 5 8 5 40 40

15 B1 | SOI

(| 1 T -1 _ Area of trapezium. May be seen combined with the area

5{55 + 35] %6 o JS.(?er ey = under the curve integral.
5
2 2

- - 3 3 285 69

—IX(EJ +6><E - —lx[fj +6x=| or ——— [=27]

6 2 2 6 \2 2 8 8
[Shaded area = 44.6 —27 =] 17.6 Al | SC B1 if no substitution of the limits seen.

5
Question 201
. B1
[¥]= iz(:. -3) ! or [+¢] OE Allow and -3 +1 for the power.

2(x-3)’

5:%(473)_21’6‘ or 5= 2 +é& leadingto c=

M1 | Correct use of (4,5) to find ¢ in an integrated expression
(defined by the correct power and no extra x’s or terms).

-2(4-3)
i y; Al 4 L pwm .
y= ( )7 +7 or y= 72(x73) +7 OE B must be simplified to =2. Condone ¢ = 7 as their
x=3)
final line as long as either y or f(x) = is seen elsewhere.
Do not ISW if the result is of the form y = mx+c.
3
Question 202

1 3 3 5 35
E 5o 10 = 5 &5 20 = =
10x2 —=x2 [=] 4 —x2 pg———x? =—x? —x?
o34} X1 [ ; }
2 2

B1 B1 | BI for contents of each { } then ISW.

= {ﬂqeir?x 8 732][70]

M1 | Using limit(s) correctly in an integrated expression
(defined by one correct power). Minimum acceptable

160
working is their (T -32).

[Area of shaded region =] %, 21 % or 21.3[333...]

Al | Condone the presence of « for the first 3 marks.

Condone using the limits the wrong way around for the M
mark and if —21.3 is corrected to 21.3 allow the A mark.
SC: if MO scored SCB1 is available for correct final
answer

1 3
¢ 5 = ; :
If | {IOX2 75x2 J— 21.3 and no integration seen B1 only.




Question 203

a ; 1 B2,1,0 L
) %:{k%(hﬂ) 2}{x4}{71} OF e.g. 2k(4x+1)Z -1
B2 Three correct unsimplified { } and no others.
B1 Two correct { } or three correct { } and an additional
terme.g. +5.
B0 More than one error.
2
®) & , L 2k M1 ‘ . dy a
2k(4x+1) 2 —1=0 leading to (4x+1)z =2k or ——— =1 OE Equating their e of the form ak(4x+1) 2 —1 where
1 x
(4x *+ 1)2 a =2 or 0.5, to 0 and dealing with the negative power
1
correctly including & not multiplied by (4x+1)z.
45% -1 Al | CAO
L= 4 OE simplified expression ISW.
2
© iy M1 . . _dy .
2x10.5(4x+1) 2 —1=2 Putting k= 10.5 into their 5 and equating to 2.
X
&L . . Al . . 33 1
7=(4x+1)2 leadingto 4x+1=49 leading to x=12 It M1 earned SCB1 available for x = o from a = 5"
y= [10.5\/4x T1-x+5 :] 66.5 [leading to (12, 66.5)] Al
Al | OE
y—66.5= 71(%12)
2
4
Question 204
dy 1 1 *M1 -8 . 1 >
=K or —x7° Differentiate —— MO for 2x7" . No errors.
dx  2x° 2 2x
DM1 )
[y :]L 7% = 3. 1 = |::> 2x" —x= 0] Sub their L into equation of line or set gradient = &
2x 2x 2x QLY dx
to form equation in x.
Al | 1
x=— only If DMO then x = 5 award AOXP then BO BO.
1 B1
y=|2x=-2|=-1
2
k=2 B1

wn




Question 205

B1
@ g_a x3(25+ /7) [= 4900 when /2 = 10] Correct expression for 4 .
dh 3 dn
M1 | Use chain rule correctly to find a numerical expression
AV Gh_ W their *4(25+10) S — 500 = 2 = {7500 } b gt e
dh dr  dr dr dr 4900 for “ . Accept e.g. )
dt 2500 + 2000 + 400
Al
L 0.102] ems™ | AWRT OF c.g. - ISW.
dr 49
3
(b) ar _ ar %: S00— rheir "4(25 + h) " 0.075 *M1 | SOI Use chain rule correctly to form equation in /.
dt  dh dr
. DM1 | Solve quadratic to find /.
[(25+h)_:M}:ﬂz:[lS.SZM&“] & 5000 50\/—
i Exact value of /1 is ,T =285 or ———=—25
h+25=40.82...
V' =69900 cm® Al | AWRT ISW Look for 698(88.5) .
3
Question 206
(@) *MI | Integrate y* (power incr. by 1 or div by rheir new
[ff]f 4[dv\] [=]116(2x 1) [ax] =[n]) ————— , 16 =
X g><2><(23&*1) power). MO if more than 1 error or —Zx(Zx—l)
Al _
[ - 16 OEe.g. (72(2#1) 3).
3x2x(2x— 1)5
DM1
[n][— L J [ [ ]112 [ ] } Sub correct limits into their integral: F{EJ— F(D).
6% 8 6x1 2

Must see at least {7% +§

J. Allow 1 sign error.

Decimal: 2.33 7 or 7.33.

B1

1.5
Volume of cylinder | =mx1* ><l :lx OR [rr]J' l[dx]:lrr ln or +m 3—1 seen.
2 2 1 2 2 2

X 7 1 11 Al | AO for 5.76 (not exact).
Volume of revolution | = 3 o= 5 ol = o 8 If DMO for insufficient substitution, or B0, SC B1 for
Mo
6
5
b B2,1,0 | OE B1 for each correct element in {}.
(] [dl:}{ 8(2x-1)"} {2} f
dx
At B gradient = —2 B1
X 3 M1 | SOI Following differentiation OE e.g. y =—2x+4 or
Eqn of tangent y — 1= their "-2"| x— 5 1 1 1
y= Ex + 17 (Must have m, =—— for M1).
OR Eqn of normal y —1=their "%"(xng L

Al | SOI For at least one intercept correct or correct

. . 1
Tangent crosses x-axis at 2 or normal crosses x-axis at ] snifegraton.

Al
Area = é From intercepts: l X 2 xl= i or 1+ l
4 2 2 4 4
V5

1 5 : P
from lengths: g x+f5 x 5 = ) or by integration.




Question 207

% _ AV B1 . dy
@ 6a®—~30a+6a=0 [= 6a(a 4)70] Sub x:alntoi:O,Maysee a*-5a+a=0.
a=4only B1
2
(®) d?y dy M| .. dy
“z =12x—-30 or correct values of i either side of x=4 Differentiate a} (mult. by power or dec. power by 1)
. dy .
MO if no values of —y, only signs.
dx
d*y . d*y . Al | WWW AQ XP if a =4 obtained incorrectly in (a)
At x= 4’E> 0 .. minimum or = 18 .. minimum Must see “minimum’.
- dy If MO, SC B1 for ‘minimum’ from & sign diagram.
or concludes minimum from e values dx
2
30 , B1FT ot 243 —15x2 )
© [v=] 6.2 30 wé{eral] ] Expect 2x* —15x7 + 24x[+c].
3 2 B1 poss. even if uses ‘@ > —no value in (a) — max 1/3.
15— Z(z‘heir u4u)3 —15(their ..4n)2 +6(their n4u)2 g M1 | Sub x = their"4", y =—15 into integral (must incl +¢)
Look for—15=128-240+96 + ¢ [ c=1].
y=2x% —15x% + 24x +1 A1l | Coefficients must be correct and simplified.
Need to see “ y="or ‘f(x)="in the working.
3
d d M1 ) B e . dy
@ ay =6x% —30x+ 6(their "4")[=0] OE Forming a 3-term quadratic using the given a}
30+,J(-3 0)2 —4( 6) ( 24) and solving by factorisation, formula or completing the
If correct, [6](x ~1)(x— 4)[: 0] or — VA ° B square. Check for working in (b).
Al | Allow x=1y =12 (ignore x =4 if present).

Coordinates (1,12)

If MO, award SC B1 for (1,12).






