Question Scheme Notes Marks
Number
2(a) dy 2
(x+2)a+y=3x +6x = M1: Reaches
dv
dy y 3x(x+2) —}Jrf(x)}’:g(x) M1
4 — d_x
dy x+2 x+2 ‘ o _ Al
4o _ Al: Correct equation in required form.
Y. ¥V _3 Correct answer implies both marks.
dx x+2
@)
(b) [ Correct attempt at the IF for their f{x) — must
IF = {e 2 }= e =x42 attempt the integration but need not be fully | M1
- simplified (may be implied by working)
"(x+2)"y= _["3 "x"(x+2)"(dx) Applies their IF correctly with their Ax M1
2 Correct equation after integration condonin,
x+2)y=x+3x*(+c quation & &
( )y ( ) omission of the constant Al
x=4 y=18=c=108—64—48=—4 Substitute.-s correct values to find a value for MI
¢ in their integrated equation
X’ +3x’ =4 (x+2)(x+2)(x=1) | Al: Correct particular solution with g(x) in
y= *+2 42 any form. Condone missing “y =" i:
=y=(x+2)(x-1) or ¥+x-2 Al: y or g(x)=(x+2)(x—1) or x> +x-2
(6)
Total 8
Question Scheme Notes Marks
Number
6. dy . 2
cosxa+ysmx =(cos” x)Inx
Attempt to divide through by
dy N sinx — cosxlnx cos x. If the intention 1s not clear, M1
dx ” cosx must see at least 2 terms divided by
COS X.
| sinx MI: eI e P (&) Dependent on the
[=elosr = grneess first method mark. dMIA1
Al e—lncrysx or eInsec)(
_ or(cosx)™' orsecx Al
COS X COS X
M1: y x their [ = jQ(x) x their I dx or
y
= |Inxdx . )
cos x .[nx %(yxthen 1) =0(x) x their /
or 5 MI1A1
Al: =
i[ y lenx cosx Ilnxdxor
dx | cosx
i( Y J = lnx
dx{ cosx
y Attempts Ilnx dx by parts correctly
= xlnx—x+C . Ml
cosx (correct sign needed unless correct
formula quoted and used).
Any equivalent with the constant
y=(xInx—-x+C)cosx correctly placed and “y=...” must | Al
appear at some stage.
Total 8
Note: Failure to divide by cos x at the start would mean that only the 37¢
Method mark is available.




4(a) dy 1 dt 1 L dr s dy
Eg 2 =——— 0l yP=-t=y " =>—=-2y" = or
8T P Y T YT dx Sy
1 3
LY b A 1
dx dr dx 2 dx
3
ly 3 trde 1 - M1
—ty=xy >-———+ t
2 P T T
dr
— —2r=-2x*% Al*
o x
3)
(b) AP L Bl
fe™* = —ZJxez" dx M1
:xe—ZX_je—Zxdx Ml
= xe " +%e’2“‘ (+¢) Al
| 1 )
I=—=x+_-+ce
Yy
MI1A1
=3y = ! (ore.g. 2 2“‘) oe)
X4 ce® 2x+1+ Ae
(6)
Total 9
Alt (b) m—2=0=>m=2 50 CFis 1 = Ac* Bl
For Pltry t=ax+b M1
%—2[:—2x:>a—2(ax+b)=—2x:>a=..,b=... Ml
1 /4 1
a=lLb=—>t=4de” +x+— Al
2 2
1 1
1=—=x+—+A4e"
y 2
MI1Al

2 1

( 2
ore.g.

1 —2] oc)
x+5+A62X 2x+1+ Be

(6)




Question

Number Scheme Notes Marks
3(a) ) dy ) 1
X —=+xy=2 =—
dr Xy =2y y z
d 1 dz . -
ay == 7 Correct differentiation Bl
- Jc_2 dz X 2 Substitutes into the given differential M
2de z 2 equation
Achieves the printed answer with no
&z z_ 2, errors. Allow this to be written down Al*
dr x X following a correct substitution i.e.
with no intermediate step.
3)
d . L
W(:;! 2 y= . =>zy=l=Dy—+z ay =0 Correct differentiation B1
A dz +Xo_ 2 Substitutes into the given differential M1
z A& z 72 equation
Achieves the printed answer with no
&z z__ 2, errors. Allow this to be written down Al
dx x x° following a correct substitution i.e.
with no intermediate step.
® y——=>2‘—=>E——ld—y C t differentiati B1
Way 3 . ’ 7 dx orrect differentiation
R Substitutes into differential equation | -\
e ()
Obtains differential equation (I) with
2 dy a2 no errors. Allow this to be written *
x dx +y=2y down following a correct substitution Al
i.e. with no intermediate step.
(b) [
I=¢e J B e == Correct integrating factor of 4 Bl
X X
2 For Iz =— de Condone the “dx”
~ = _I = dx 2= X2 . Ml
. missing.
1 .. ’
Z- = +c Correct equation including constant Al
X X
1
z=—+cx Correct equation in the required form | Al
X
@
(© l _ l tox=—o= 1+ = c=—1 Reverses the substitution and uses the M1
y x given conditions to find their constant
Correct equation for y in terms of x.
1 y Allow any correct equivalents e.g.
—=——Xx>y= 1 1 Al
y x Y 1-x* J’:m,y:l
— =X
X
()

Total 9




dy

1 5—3ytemx=e4'r sec’ x
(@) g _ oSmseex _ 0073 1 or cos® x MIAI
cos’ x a}_ 3ysinxcos’ x =e"* cos’ xsec’ x
%(ycossx):e‘”:}fcossx:_l-e‘”dx M1
yeos® x = %e“ (+¢) M1
1 4x 3 1 4x -3
y= Zc +c|sec’x or y= Zc +c|cosTx  oe Al
()
(b) =4, x=0 4=(l+0]
4
15
c=— M]
4
y= élt—(e‘Lr +15)Secj X or %(e‘” +15)cos"3 X oe Al
2)

171




(I%quf;ttl;z? Scheme Notes Marks
3 2
% +2xy=xe "y’
(a) z=y_2:y=z_
o==31 s dx dx MI1AL
Al: Correct differentiation
-3 dz 2x _2 -1
RERIS t== ) Substitutes for dy/dx M1
S
L pxr=—2ye™ ¥ anect completion to printed answer Aleso
with no errors seen
@
(a) Alternative 1
dz
dz . Ml:— =k~
e * oe dy MIAl
' Al: Correct differentiation
dz - .
-1y’ g = y' Substitutes for dy/dx M1
dz Uz = —Dxe? * C?ncct completion to printed answer Al
dx with no errors seen
(a) Alternative 2
dz L dy . .
dz d Ml: —= —— inc chain rule
E_ gy ® AT MIAL
Al: Correct differentiation
dz :
-3 oty = y' Substitutes for dy/dx MI
dz dxz =-Dxe " * C(_)rrect completion to printed answer Al
dx with no errors seen
(b) [
, MI: [ =
[=el " o2 "_2 - MIAL
Al: e™
ze? = J‘—er’“: dx zx] = I —2xe " Idx dM1
e (+c) Ixe‘“! dx = p.f;"”‘2 (+c) Ml
o1 .
z=ce™ + 3 e Or equivalent Al
3)
(c) — CCZI! +le_12 — yZ _ 1 5 1 3612
2x2 1 —x Yy == |="—""—= B]-ﬂ
ce” + Ec B 1+ke?
(¢))

Total 10




Question

Number Scheme Notes Marks
2(a) 2 D
X +1)—+xy-x=0
(1) o+
dy xy X Bl
_— + =
dx (1 +x2) (1 z xz) Correct form.
s n(1+x? .
MI: Izej“*' =" ( )where kisa
. constant. (Condone missing brackets
it () (1+x7) around the * + 1) MIAl
Al: Correct integrating factor of
(1 +x° )E
2\? _ X Uses their integration factor to reach
y(1+x) _J. v h I=[01dx Ml
(1+x) the form y. —J.Q
= (1 +x° )I (+c) Correct integration (+ ¢ not needed) Al
-1 Cao with the constant correctly placed.
_ 2\
yal +c(1 X ) e (The “y =" must appear at some point) Al
(6)
(b) B 2\4 B Substitutes x =3 and y = 2 and
2—l+c(l+3 ) == attempts to find a value for c. Ml
-4 Cao. (“y =" not needed for this mark)
_ 272
(y _)l+ \/E(l X ) 0¢ and apply isw if necessary. i
2)

Total 8




Question

Number Scheme Notes Marks
6 dy 3
25—%((:0‘[ x)y+(tanxsecx)y’ =0
(a) el E__2d
Ty Ayl A o
, _l: 4 ;Q__LE 4 42 o ] ny cg;rec-t equation in
Y= - ) dr  2dx | ) dx & and & (may be implied) Bl
| , dx dx
d_dy_ 13
y=z?>>—=——z?—
dx 2 dx
Substitutes to obtain an equation
—y’E+(co‘[x)y+(tamnrs,ecx)}-’j =0 dz MI
dx with ™ as the only derivative
dz cotx
. T _Tqytanxsecx = 0 Fully correct proof with
) intermediate step after Al*
d- L
——(cot x)_ = tan xsec x * substitution
3)
(b) IF _ eI—coerx IF _ ej.icm.ni\' M1
_ -lsinx _ .1 Correct processed LF. in any Al
sinx form
, . , Applies
- :I _ x 30X dx I_F_x::II_F_xtanxsccxdx Ml
sinx Jsinx cosx cosx
Condone y for z
.-" _ _fsecz ydx = .—' = tand (+ C) Correct equation mianil X Al
sin x sin x Condone missing “+c¢
z=sinx(tanx+c) =y’ =— ! oe Fully correct general solution. Al
sinx(tanx+ c) Accept equivalent forms.
(S
© 43 _ I - £+ cS ﬁ —~c= ﬁ Correctly substitutes the given M1
3 %(%Jrc) 3 2 6 values to find a value for ¢
x=Zo )= 1 _ 4 dM1: Substitutes x =§ and their ¢ into
B A
3 2 (ﬁ"- 6 ) 7 their equation and reaches y* = .. ory = | g1 A1
N with trig terms evaluated.
=)= 7 oe Al: Both correct exact values.
The negative value must not be rejected.
(3)
Question Scheme Notes Marks
Number
8(a) Allow “single fraction” to be implied by sum/difference of fractions with same
a rther fractions in numerator/denominator.

denominator or a product of fractions. No fu




COS2x sinx coSs2x cos2x
cot2x {-I— tan x} =— Uses cot2x = g, — M1
sin2x COSX sin2x 25inXcosx
cos2x+2sin? x Uses sufﬁqlent correct
— identities e.g.,
2sIn xcosx - 2
.2 .2 2 ) ) C052x=l—2SII‘1 X
1-2sin" x+2sin”x _ cos” x—sin” x+2sin” x 5 .
" ; or ; COS2X =C0S “x—sIn” x
28in Xcosx 2sin xcosx 5 5 2 4
- cos2x=2cos "x—
2cos’ x—1+2sin®x _ cos2x+1—cos2x =
, ; 2sin "x=1-cos2x
sin2x sin2x oo
. cos 2xcosx+smxsm2x:cos(2x7x) Al
OR cos2x +tan xsin 2x A )
Sin 2x to obtain a correct single (M1 on
sinx fraction with numerator in ePen)
OO S o 2SN xc0s X 1-2sinx+2sin’x | terms of sin x and/or cos x or
= sin2x —ee, sin2x “cos2x+1-cos2x”. A
OR % 2xcoS X +sin xsin2x qualifying fraction must be
Sin2xcos x sclaen before |
3 o 2 2 - or —
COoS X . €0s” x—sin XCOos X+ 2sin” xcosx Ysinxcosr O sin2x
sin 2x cos X SIn2xcosx Condone poor notation.
Fully correct proof with one of
1 the two intermediate fractions
= s -~ = cosec2x* seen. All notation correct — no Al*
SINxCosx =7 Sin2x mixed or missing arguments or
e.g. sin x* for this mark.
3)
Alt 1—tan’ x 1—tan® x
cot2x {+ tan x} = 7{+ tan x} Uses cot2x=—— M1
tan x tan x
Uses correct identities e.g.,
) 5 sin x
l1-tan” x+2tan” x tan x = oe
COSX
2 tzanx to obtain a correct single
. X . 2 2 - - .
tan® x+1 . (gg;x) +1 P cosx(sm X+Cos x) fraction in sin x and cos x but
. . - 2 Al
sSinx 2 Sec x .
2tan x 25 2cos” xsinx allow following use of (M1 on
) tan x
tan’ x+1| cosx| _ sin’x+cos’ x ) , ePen)
or X - secx=1+tan" x
2tanx COS X 2sIn xcos x . .
A qualifying fraction must be
sec’ x cos X seen before
2tanx  2cos’ xsinx 1 or —!
2sSIn Xxcos x sin2x
Condone poor notation.
Fully correct proof with one of
| the two intermediate fractions
7si or — > = cosec2x* seen. All notation correct — no Al*
SN x COS X Sinzx mixed or missing arguments or
e.g. sin x> for this mark.
3)
uestion
Q Scheme Notes Marks
Number
8(b) M1
Examples:
P Al




y* =wsin2x = 2yd—y = D Gin x4 2weos2x
dx dx

1 1

I 1 1 1 1 1
or y=w?(sin2x)? :>d—y=%w2(sin2x) 2(2cost)+%w 2%(51112302
. dy
yz dw 2ysin2x & -y .2co0s2x
or w=— = —= 1
sin2x  dx sin” 2x

d
or w= y’cosec2x = 2yaycosec2x— 2y*cosec2x cot 2x

M1: Attempts the differentiation of the given substitution using the

4 . . . d d
product/quotient and chain rules and obtains an equation in Y and ¥ of the

X
correct form (sign/coefficient errors only and allow sign errors with
quotient/product rule).

. 4 ; . d d 4
This mark is not available for work in A or aw unless appropriate work follows to

dw

. ... d dw
achieve an equation in d—yand — of the correct form.
X

Al: Correct differentiation

d .
J/ay"'yz tanx =smnx—>e.g, ;(2‘;sin2x+2wcostJ+wsin2xtanx=sinx

A recognisable attempt to eliminate y from the original equation to obtain an M1
. . d
equation involving %,w and xonly . Not dependent.
d 2si
= —w+ 2w(cot 2x+tan x) = Asmx
dx sin2x
= dw +2wcosec 2x =secx *
dx
Fully correct work leading to the given equation with 2w(c0t 2x+tan x) ore.g., Al
2wcot 2x +2wtan x clearly replaced by 2w cosec 2x but allow cot 2x written as
1 cos2x . sin x
or — and/or tan x written as
tan2x  sin2x COS X
If the result in (a) is not clearly used there must be full equivalent work.
Allow use of “csc 2x”
“4)
8(c cosec .
© M1 ezj () condoning
d cosec2x 1 i
b +2wcosec2x =secx = IF = eZI =L tan x omisyion Sf’?ne or both
dx 27 M1
—In(cosec2x+cot2x) 1 1 Al: tan x oe Al
ore = or ortanx 5
cosec2x+cot2x cotx Allow ktanx eg., e “tanx
Not just e
Correctly applies their
integrating factor to the
equation, i.e.,
:>w"tanx"=j"tanx"5€cx {dx} =IFxw= IFxsecx{dx} M1
Allow equivalents for sec x.
Condone “y” used for “w”
for this mark.
— wian x = sec x ( n c) Correct. equation oe with or Al
without constant.




UsingIF = Vg = RHS of J —5€X ___ grwhichis likely toneed rewriting as _[tan xsecxdx
cosec2x+cot2x cosec2x +cot 2x

Note that IBP on sec x tan x by writing it as sec” xsin x can lead tosin x tan x + cos x(+¢)
Use Review for any attempts at integration you are unsure about.

2

e.g., v  =wsin2x and wtanx=secx+c = tanx =secx+c

sin2x

>y = {sin2x (secx+c)}

tan x

Substitutes for w correctly and reaches )* = ...

Their y* = ... must be consistent with their equation in w and x that immediately ddM1
followed their integration.

This mark requires both previous M marks and an attempt at integration
that includes a “+ ¢”

A further example is:
csin2x

= y” =cosecxsin2x +
tan x tanx

w=CosecCx +

{ ) 2sinxcoszx[ 1 J }
eg, ="t _iclo
sinx COS X

y* =2cosx+ Acos® x

Any correct J? = ... equation with RHS fully in terms of cos x. E.g. accept Al
» =2cosx+2cc0s’x )’ =cosx(2+Acosx) 32 =2cos’ x +c
COSX
Ignore any inconsistencies with the constant e.g., 2¢ later written as ¢
(6)

Total 13




4 (a)

(b)

ALT

(c)

- ’ _1 -
dx zo dx dx 2 dx
dy , .
2y—=—+4y- =6x
ydx y y
1 dz 4 6x
- t—=—
z:dx =z z°
& 4r=—6x ¥
]_]_"— _4‘1‘-:374"
e‘“(E— :)=e"“x—6x
dx

m-4=0=>m=4= CFis z= Ae"

Pl z=A+ ux
E:pjp—ﬁl()ﬁ,ux):—&w
dx
3
du=6 4i=pu, > u=—, A=-
H H H 7 3
:=—x+§+/le‘1"r
2 1 8
Yy =3 3 =< oe

33 e (12x+3+4e")
278

Bl

MI

Al *

Bl

MI

Ml

Al

Al

Bl

M1

ML, Al

Al

Blft

3)

3)

(1)

191




8(a) d_V = d_y - B1
dx dx
dy 3 dv 3
—+2yx(y—4x)=2-8x" > —+2+2(v+2x)x(v+2x—4x) =2-8x
dx dx
—>ﬂ+2+23|r(v2 —4362):2—8.7(3 M1
dx
d
BN, P Al
dx
4
b I dv -
L 2jv2dv=—2jxdx BI
v
-1 2
v X
Y _ 22 (4o MI
-1 2
=>—=x"+c Al
v
1
V= 3 Al
X" +c
4
) y=2x+— BIft
X +c
(1)
1
(d) ~1=2x—l4+—c= M1
l+c¢
Al
Attempts the sketch for their equation, with
at least one of
One branch correct M1
Vertical asymptote for their equation
Long term behaviour tends to infinity
4 Minimum in quadrant 1
Fully correct shape, two branches tending to
infinity as x tends to infinity both directions, Al
with minimum 1in first quadrant
No need for oblique asymptote marked.
' y-axis a vertical asymptote labelled Bl1ft
©)

(14 marks)




