Question Scheme Marks
Number
dZ
5 ?{ —2xZy2y=0
MI: Attempt to differentiate
including use of the product rule
d
on 2x-2
”_2 '—2 I"-|-2 '=0 ”:2 " MI1A1
@ 4 Y 2o+ 2y )(y ¥ ) Equation may have been re-
written as y" = ... before
differentiating
Al: Correct differentiation
MI: Second use of product rule.
Dependent on first M1.
Y =2y" =2xy" —2y" +2y"(=0) A1l: Correct differentiation dM1A1
NB A simpler form is obtained
if y"-2xy"=0 is used.
reer - anff +2yl'l'
C d Al
=2x(2x")+2y" = (4):2 + 2)y" aoandeso
()
Bl: y;=-2
®) Yi==2 yr=0 yy=—4 MI: Attempts yy and yy BI, MIAI
A1l: All correct and obtained from
correct expressions
. M1: Correct use of Maclaurin
(y=)14+3x-x* -2 seties MIAL
6 Al: Fully correct expansion.
(5)
~02)* Use of the correct Maclaurin
(c) (y =)1 +3(-0.2)-(-0.2)* - (=02) series and substitution of M1
6 x=-02
(v=)0.3597 Allow awrt Al
(2)
Total 12
7(a) : d :
y=e'siny= Y levsinx +e' cosx
dx
£ M1
= [KJ; :] e'sinx+e’cosx+e’ cosx—e’sinx =2¢ cosX (oe — see notes)
. d3y X X Ly
E.g (see notes for equivalents) = @ = |2¢" cosx—2e"sinx
d'y _ _ dMl1
= o =2e" cosx—2e" sinx—2e" cosx —2e" sin x
d .
g{ =—4e" sin x = —4y (0e — see notes) Al
d* d’ dy d° d’
S e Ay LS Al
dx dx dx  dx dx
“4)




(b) dy d’y d’y d*y d’y d°y
(») :O,[—j =1, =2, =2, =0, —= | =4, =-8| Ml
0 dx 0 de dx3 dx4 de . dx6 .
5 6
(v )O+x+—><2+3 x2+0— = —%x8+... M1
3 5 6
» x> X
SYx+t+ 2 X Al
(v =)+ =3 =35 -5
3)
Total 7
4 (a) d_’f-i[QJ -3 M1
dx~  yldx
&y 4(dy) 8 &y dy
F:_F[EJ T MIAIAL
Qz_i(@}tﬁ i(y]g [d_:»]
dx’ y* Ldx y| y\dx dx
&y 28(dyY 24(dy
rraa e e e At o
ALT %i{ﬂi{ sji fhy 32’ 0 MIAIAL
y dy dy 3 dy
e Bed R i
}!
d’y  28(dyY 24(dy
ﬁ;(a Sl T A )
&’y 4,0 5
4(b At x=0 =—(1)-3=—-= oe Bl
3’
dy _28 p 2,4 M1
dx’ 64 8 16
2 3
},:8—}-_;{_5 x__ﬂxx_ Ml
2721 16 3!
41 , Al (4
=8+x——x"——x
! 96 [9]




2
Cos™ x

y=¢€

(a)

d
ay — 2sin xcos xe® ¥ = —sin 2xe

cos? x

M1: Differentiates using the chain rule to obtain an expression of the form

C()§ X CDS X

a sin x cos xe®* *or fBsin2xe
Al: Correct derivative

. 1 /
Note that candidates may use 3 (1+cos2x)instead of cos” x

|

rMI1Al

2
d y cos® x cos? x

5-=—sIn 2x(—2sin x cos xe )—2cos2xe

Correct use of the Product Rule on their first derivative
Dependent on the first method mark.

-dM1

d’y e * (sin? 2x — 2 c0s 2x) * Achieves the printed answer with no
dx? errors.

Al*

Alternative using logs:

1 dy
y= :>lny cos” x = ——
y dx

=-2sinXCOoS X

Ldy_

dy !
y dx

1
y dx
2
d_y:_ysinzxjd—f :—d—ysin2x—2y0052x
dx dx dx

MI: =ksinxcosx or ksin2xAl: =-2sIn XCcoSx

M1: Correct use of product rule

2
3;2): cos’ *(sin® 2x —2cos2x) *

Al: Achieves the printed answer with no errors.

)

(b)

r_, d’y _ e Both seen, can be implied by

dx T dx® subsequent work.

Bl

F(¥)=F(0) +xt(0) + T7(0)+

cos?0 cos?0 1 cos 20

=e“” " —sin0e*” "x+ 5 (sin® 0—2cos 0)x* +..

Applies the correct Maclaurin expansion, the " % " is required and there must

be no x’s in the derivatives.
This can be implied by their expansion but if the expansion in incorrect for
their values and the formula is not quoted, score MO.

Mi

) ; D)5 2
(ecos‘,\‘) —e(l P +) Qr exact gquwalent e.g e—ex
(1.e. all trig. evaluated)

Al

(€))

Total 7




Question

Number Scheme Notes Marks
4@ f(x)=sin($x) M1: Attempt first 4 derivatives. Should be
3 3 sin — cos — sin — cos —> sin . [.e. ignore
£ (x)=73cos (2 x) signs and coefficients.
£ (x)=—4sin(3x) Al:f =3cos(3x) and f =—%sin(}x) MI1A2
£ (x) =—Fcos(3%) Al:f" =—Zcos(2x)andf” =$tsin(3x)
£7(x) = fisin(3x) Allow un-simpliﬁed e.g.f =—3.3sin(3x)
¥(5)=Ly (5)=0y (5)=-1y (5)=0. (5)=%
T M1
Attempts at least 1 derivative at x = 3
dM1: Correct use of Taylor series ILe.
£(0)=£(5)+ (=) (5) ey T
Evidence of at least one term of the correct
a2
) s | structure i.e. (x—%) ﬁ and not a
£ 1 9 /4 27 /4 n!
(x)=1- 8" 73 ) 128" 7 3) | Maclaurin series. Dependent on the dM1A1
previous method mark.
Al: Correct expansion. Allow equivalent
single fractions for %and!or 12—7 and
allow decimal equivalents i.e. 1.125 and
0.2109375. Ignore any extra terms.
(6)
(b) 1 1
1 M1: Attempts f| — |or states x =—
f 5 =0.4815 3 3 M1A1
Al:0.4815 cao
(€))

Total 8




Question

Number Scheme Notes Marks
3 - dy 2 A
y=arcsin2x Y _ {:2 1—4x 1}
T (-4
(a) dzy -2 2
—=—(1-4x") 2(-8x 8x 1—4x Ml
o= (1-4) 2 (-8x)
d Jf=(8x)[3J(14x3)_3( 8x)+8(1-4x) : _ _
y 2 Uses product/quotient rule to obtain
3 1 3
8(1 —4x2)3 +96x° (l— 4x2)3 correct form for d—J; dwit
or - dx
(1-4x7)
96x3+8(1—4x2) 64x>+8
- 5 = Ve Correct answer in the correct form Al
(1-4x7)2 (1-4x7)
3)
Allow full access to the remaining marks with an incorrect value of 4
(b) ¥(0)=0, y'(0)=2, »"(0)=0, y"(0)= M1: Finds values for
£'(0) , £7(0) , 0), ¥'(0), »y"(0) and »"(0O
£(x)=£(0)+(0)x+ Dy T o »(0). ¥'(0). ¥7(0) and y"(0) |y
2 3! and obtains a consistent Maclaurin Al
. 4 expansion
(:> arcsin 2x) ~2x+ Ex Al: Correct expression
)
(c) " Attempts to find the expansion of e**
e’ arcsin2x = (1+3x+ ---]["?-x + g-‘fl + ) =... and multiplies by their expression for | Ml
arcsin 2x
= [|+3x + ﬂJr][h ey )= For a correct expansion of € up to
—2 3 the x term multiplied by their Al
9% +6x% +9x° + £x3 . expression for arcsin with at least
a 3 one correct term obtained.
. , 31 .
= e arcsin2x ~ 2x+6x° + ?13 Fully correct expression Al
3)

Total 8




d’ d dy 1
3(a) 22521y _6xp=0 and — =3 ,y=—whenx=2
o T Y & oY)
d’ | d d’ 1( 9
{’:-(fmy—y—y):—}f =—(6—§)=— MIAL
dx® 2 dx dx“ |, 4 2) 8
Eg. 2i{+2xjx—{+yj;{+ %J —6y—6xd—y:0
Or
& dyJ 1( dy (dy]z dzy] MIAL
= e bxy—y 2 |+ —| bx 2+ 6y—| = | -y
ax’ Zf(xyydx a2 ) Y Al
Or
d’y  dy d?y d’y  (dy 2 d?y dy
ZXW——ya+6xy=2m+2xE——(a) —ym+6y+6xa
3
B s N
dx’ |, 64
(6)
1 9/8 435/64
(b) (y)=5+3(x—2)+%(x—2)2+ 3{ (x—2)3 M1
Vm 3=t (x=2) + B (52 Al
2 16 128
2)
(8 marks)
5. d'y__2(d) 2
dx? yldx
(a) (d_y]d‘{;seen Bl
dx ) dx?
3 2 3
d_J;:_i(d_y]d Jj+£7(d_y) MIAIAI
dx yldx Jdx®  y°\dx
(4)
ALT: {d_y}‘ - Z(d—yJ dh’f seen B1
dx dx ) dx?
dy(d’y), d&y  (dy)(d’y) ,dy
Syt 2| =2 |22 =0
dx(df] dr  ldr )\ dx? | “d Mial
d’y 1 d’y dy
—— = 5= 42 |2 Al 4
dx3 y( dx2 d.x ( )
d’y 1 2
) fAx=0 o5 5(—2x(l) +4)_1 BI
dy 1
X (=3)x°
=)24+x+(l)—+| — |—+ M1
(y=)2+x+(1); 2]3!
Y=24x+—x"——x"+ Al (4)
181




5(a)

dy

y=tan’x = a =2tan xsec’ x Correct first derivative any correct form | Bl
dy d’y
D ) tanxsec? x= —2 = 2sec’ x + 4sec? xtan® x
dx dx” MIAl
M1: Correct application of the product rule and chain rule
Al: Correct expression
d’y 4 2 2 d’y 4 2 3 4
—-=2sec” x+4sec” xtan” x = o 8sec’ xtanx+8sec” xtan” x+8sec” x tanx
Or
d’y d’y M
—=6sec’ x—4sec’ x> e 24sec’ x tan x — 8sec” x tan x
M1: Attempt to differentiate using product and chain rule. At least one term to be correct
=8sec” x tan x +8sec’ xtanx(sec2 P~ l)Jrgsec‘1 xtan x
=24sec’ xtan x—8sec” x tan x = §sec’ xtanx(3 sec’ X — l) Al
Fully correct expression
(©))
(b) Attempts the values up to the third
1), =3, (). =83, (¥"). =80, (»"), =35243 T
O }? 0 }? 5. O }f O }? B derivative when x = g Mi
7). 80( &) 323(  xY
}-—3+8J§[I-;]+E[.\’—?) + 3 [.\’—?) -+ MI
Correct application of the Taylor series 2! or 2, 3! or 6
2 3
)’=3+8\/§[3{—£]+40(3{—£) +@[3{—£) +
3 3 3 3 Al
Correct expansion
Must start y= ... or tan’x = .... f{(x) only accepted if f(x) has been defined to be tan’x
3)
Total 8
4(a) L 3x .3 5[ 3x Any correct first derivative.
y=tan o=y =g seet o Not implied by y'(2)=3 Bl
=" =2x 34 [3_xj X SeC (3_") tan {3_") 3 | Attempts the second derivative achieving
2 2 2 ksec? | 3% |an| 3% | or unsimplified
B 9 M1
9 L[ 3x 3x
=5 sect| o [tan| =~ equivalent. Not implied by y"(2)=9
dM1: Attempts third derivative using
the product rule, achieving
I R I e M| W E S E I EY
or unsimplified equivalent. Requires dMi
Al

previous M mark.

Al: Correct differentiation. Accept
unsimplified. Not implied by

ym(%) =54

If gec? (3_35} = tan® (3_35} +1 is used the identity must be used correctly and to score M marks
2 2
expressions of consistent form should be achieved.

. . 2 1
Note that replacing sec’ 3x in y"::>y"’=—7s.ec2 3x +8—s.ec2 3x tan® 3x
2 4 2 4 2 2




Va 4 T s
ol :1’ ot :3’ nl :9’ | 7t :54

Attempts values (but allow numerical trig expressions) for y and their 3 derivatives at £ - accept
stated values or insertion into a series of the correct form

M1

7] 9 T : 54 V4 ’
(y:)1+3 X——|+—=|x——| +—| x——| +
6) 2! 6 3! 6

Applies Taylor’s correctly about £ with their values/numerical trig expressions. If values are not

seen separately the work should imply a correct formula but allow a recognisable attempt at the series
following the correct general formula stated. Requires previous M mark.

dMm1

Correct expression with coeffs. in simplest

2 3 form. “y=_..” not required. Requires all
Tr) 9 V4 T .
(y :)1 +3(x— 6} +(X_J +9(x— 6} + .. previous marks.

Score A0 if clear evidence of use of any wrong
derivative expression.

Al

Ifeg. y"'(%) is found by calculator but y'(x)and y"(x) were seen award 1100110 max

(7

Note: With responses that work in sin and cos throughout, to score M marks there must be
no loss of form when differentiating (sign and coefficient errors only, also allowing sign
errors with product/quotient formulae). Any use of identities must be correct. E.g:

y= tan[3xJ = M N }cos’ (%")Jr%sinz (%x)

2

cos(%") cos’ (37")

9 3(3 (3 9 3 33 9 3x Y ain( 3 in(3
5 Cos (7*)51n(7*)+5cos(7")sm (7*) Ecos(f)sm(%) or 9sm(7")
cos” (37") 2¢os’ (37")

n

a cos* (32—") o
2 ¢cos® (37*)+ 27cos’ (}2")31':12 (3 )+ 8 cos* (%“)sin4 (37") _ 2l+ 7t [3)6}+ gtan4 [3)(]
cos (37 4 2) 4 2

o

y:

S—| 2

Question
Number

Scheme Notes

Marks

4(b)

i feli5)305-5) 53]
roiala) <{3

Substitutes % into their expression for y of the correct form with at least the first

three terms (series about £ ). Must have values (not unevaluated trig expressions).

If only a decimal value is given then it must be the correct awrt 2.26 to score M1
(2.255314325).

If there is no working they must obtain an expression with at least a+ bz +cz” and

. . T .
correct exact ft g, b and ¢ for their series or 1+ 1 + ¢z’ with correct exact ft ¢

M1

Correct answer or values for 4

r 1 1 , 1 5 | (32)and B(192). Can be awarded
=l+—+—+—orl+—7+—71"+—71 . :
4 32 192 4~ 32 192 if full marks were not scored in

(a).

Al

2)

Total 9




Question

Number Sheme Marks
6(2) y=secx=>d—y=secxtanx
dx
Ml
—{:(secxtanx)tanx+secx(seczx) (=secxtan2x+sec:’x)
2
—};=s:=cx(scc:2Jl:—1)+scc:3 x =2sec’ x—secx
dx
3
Y _
= 5 =6sec ? x(secxtan x) —secx tan x dM1
or
3
l—{:Zsecxtanxsecszanzxsecxtanx+350c2xsecxtanx
3
[—{:55&:’xtanx+secxtanx(seczx—l):ﬁsec’xtanx—secxtanx]
dx ddM1
3 Al
:>—);=secxtanx(6scczx—1)
dx
(4)
® (22w X) - B o1( D)o o(2) 26 (o {(F)ieh [wa
3) 7 3 3) 73 3 B
: (x ) (x-a) ) em
f(x)="f(a)+(x-a)f'(a)+—"1"(a)+ f"(a)+.
dM1 Al
2 3
=>2+2~./§[Juc—£]+'i'[x—E +ﬁ(x—£)
3 3 3 3
3)
(©) :
R O O e O B
24 24 3 24
8607— ~1.636709263... =1.637 Al
24
2

Total 9




