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EXAM PAPERS PRACTICE

MacLaurin Series

Mark Schemes

Question 1
Consider the general Maclaurin series formula
e 5ad
F@) = £(0) +xf'(0) + oo f7(0) + . + Ef(")(ﬂ) + ..

(where £ indicates the n'? derivative of f).

(a) Use the formula to find the first five terms of the Maclaurin series for e?*.
[4]

(b) Hence approximate the value of e?* when x = 1.
[2]

(¢) (i) Compare the approximation found in part (b) to the exact value of e** when

x=1
(ii) Explain how the accuracy of the Maclaurin series approximation could be
improved.
(3]
(d) Use the general Maclaurin series formula to show that the general term of the
Maclaurin series for e?* is

@)
n!

(2]

Consider the general Maclaurin series formula
x? A"
F@) = FO +xf' 0+ (0) + ot — fT(0) + ..

(where £ indicates the n'" derivative of f).

(a) Use the formula to find the first five terms of the Maclaurin series for e?*.

e™% |4+ 2x 4+ 2x* + 4o’ 4+ 2 x*

3 3 [4]
(b) Hence approximate the value of e2* when x = 1.
(2]
(¢) (i) Compare the approximation found in part (b) to the exact value of e** when
x=1

(ii) Explain how the accuracy of the Maclaurin series approximation could be
improved.

(3]
(d) Use the general Maclaurin series formula to show that the general term of the

Maclaurin series for e?* is

@x)"

n!

[2]

2() _

|

(a) f()=e™ = flo)
filx)= 2™ 2 fl)= 2™ =2
FeI=be™ = (=4 = 4
f(x)=8e™ = f(9=8=¢
Fi(x)=16e™ = f©)=16e* = 16

Puk the valies of the suwssive dervatives inb tha
\Corw\u\a

e™x I+ 2% + 4x* + 8x* 4+ 16x*

2! 3! 4!

er™*x |4 2x + 2x® + o'+ 2 x*
3 3

(b) Substitnte x=l into answer from (o)

FOY ~ v+ 2(0) 2() +« () +20)
3 3

{ORN
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Consider the general Maclaurin series formula

2 n
FG) = £0) + xf'(0) + ’;—!f"(o) bt ’;—!f(ﬂ)(o) ¥

(where £ indicates the n'® derivative of f).

(a) Use the formula to find the first five terms of the Maclaurin series for e?*.

(b) Hence approximate the value of e2* when x = 1.

{ORK

(¢) (i) Compare the approximation found in part (b) to the exact value of e** when
x=1

(ii) Explain how the accuracy of the Maclaurin series approximation could be
improved.

(d) Use the general Maclaurin series formula to show that the general term of the
Maclaurin series for e?* is
@x)"
n!

Consider the general Maclaurin series formula

x* x"
f(x) = f(0)+xf'(0) + ?f"(()) + . F Ff(“)(o) +n
(where £ indicates the n'? derivative of f).

(a) Use the formula to find the first five terms of the Maclaurin series for e?*.
(b) Hence approximate the value of e2* when x = 1.

(¢) (i) Compare the approximation found in part (b) to the exact value of e** when
x =1

(ii) Explain how the accuracy of the Maclaurin series approximation could be
improved.

(d) Use the general Maclaurin series formula to show that the general term of the
Maclaurin series for e?* is
@x)"
nl

(4]

[2]

(31

(2]

(4]

(2]

(31

[2]

(e) (©) Using the CDC
fO) = =

Calcalabe the Pe.rcev\buﬂe error

7-39056014...

2
£-= % x 007 = 5-26530\713...

€=5-277 (3sf)

(ii) The accoracy of-t\ae approximation can be  improved
by adding more bterms to the series

(d) Each time bhe funchion is  differenbated, it is essesdially
b man L\:ipl[ul Lf_‘] 2

fe)=e  f7(x)= 2™

Eaclh kerw in the Maclavrin  seres
2 fr(e) = x" 2%
n! n!
— anr\
n!
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Question 2

(a) Use substitution into the Maclaurin series for sin x

(a Replace xx with ¢ in the expnsion
P x fon

2
El
SN = ==k =r—
317 51 (L)‘ (L)’ (5)7
s;ﬂ(ﬁ)z(a)— z) + &) - @
) — L qx 2 2 Y S E=T)
to find the first four terms of the Maclaurin series for sin (f) . 3! S L
[3] N 3 s 7
sinfx)x x - x + _x* - _x
(b) Hence approximate the value of sin% and compare this approximation to the exact 2 2 ‘}8 38 L|-0 (A ¢ 5120
value.
(3]

¢) Without performing any additional calculations, explain whether the answer to part
P g any P p
(a) would be expected to give an approximation of sin% that is more accurate or less

. . . 3 TE
accurate than its approximation for sinz.

[2]

(a) Use substitution into the Maclaurin series for sin x (C)

) x* x5 . .
sinx =x—artgr= - The Maclaurnn seres gwes an exact value for a

to find the first four terms of the Maclaurin series for sin (%) : .Fu ne h’on -Fof x=0 then ggts less accvrabe as
’

(3] .
You move Owey from x=0. For 8~ T we
3
(b) Hence approximate the value of sin% and compare this approximation to the exact . .
value. tould be subs bk\'\brl\ﬂ x= 1t In{?b 'H'\G &I.M\CﬂtEﬂ(
2
(3]

seres ord  since O< TN < T we would expect
2

(c) Without performing any additional calculations, explain whether the answer to part
(a) would be expected to give an approximation of sin% that is more accurate or less

. - = g
accurate than its approximation for sinz.

the approximabion for sir\-’_t‘; b be even more
2

accurate than bthe one for sinl |
F2
[2]
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Question 3

The Maclaurin series for e* and sin x are

2 5 9
X — i = —— ——
e —1+x+—2!+... and sinx=x 3!+5!

(a) Find the Maclaurin series for e* sinx up to and including the term in x*.

(4]

(b) Use the Maclaurin series for sin x, along with the fact that % (sinx) = cosx, to find
the first four terms of the Maclaurin series for cos x.

(31

The Maclaurin series for e* and sin x are

. x? i B PeE
e —1+x+i+... an smx-x—ﬁ+-5—!—

(a) Find the Maclaurin series for e* sinx up to and including the term in x*.

[4]

(b) Use the Maclaurin series for sin x, along with the fact that %(sin x) = cos x, to find
the first four terms of the Maclaurin series for cos x.

(31

(a) e snx (\

kN 3 3

42+ X 4 X Jfox-x

2! 3!)( 3'.>
Note:

The expansion Fur e* s on[j re1\.(|r‘€A vp ey ;czl as the
srallest tern it will be mu“'{f,].'eol 55 fPr‘ow\ SIAX S x, bri,\sinj
it up b !

The ex pons,on 1&:7( SinX is also cn(ﬂ f‘equimo( uptb x? as
the next power (x‘) is higher than required.

e snx *—'(x»r x*+x 4 xt )=+ x4 higher pewens
2 G (4 6 nok r‘e_q’uiru\

x - 2
€ SN & X + X+

w|R,

(b) Differentiate each Eerm of bthe seres for $nx ko
find the series for cosx

cosx = | - 3x +S_x"—7x‘
W st
Remember 3 = & =1, 50 n = _|\
3 Fxzel 2 PR
cosxcz | — x4+ x4 -x°
20 4 @
cosx x |l —-x" + x* - x*
2 24 720
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Question 4
2
(a) Use the general Maclaurin series formula to find the first four terms of the Maclaurin (o\) Sf(x)=f(0)+xf'(0)+ %,]’"(0) +o. TTE— For:;:éo\;t

ies f 1
series [or _1+x.

4 f(x) = (l + x)_' = F(O)= (l - O)_I

(b) Confirm that the answer to part (a) matches the first four terms of the binomial

theorem expansion of ﬁ F/(x) = - (| + JC)—Z . f"(O) = (l * O)-l = -1
[3]
The Maclaurin series for In(1 + x) is u = . = " - ( )' 3 =
£ = 2(1+x) f'(0) = 2(1+0) = 2
In(1 + x) :x—%z+j;—3—
u = '-# " -
(c) Differentiate the Maclaurin series for In(1 + x) up to its fourth term and compare this f '(I) = 6 (l + JC) o F (0) . c(‘ + O) te- é

to the answer from part (a). Give an explanation for any similarities that are found.

B 6y =1+ x(-) + %(2) + 3%3(’6)

f(x)=1 -x + x* -

(a) Use the general Maclaurin series formula to find the first four terms of the Maclaurin (b) us},\a the bino Mfo«l Yreorem E FD( “"‘j value oF ~
series for = ,
(+x) = | + nx+ n(n-1)x*+ n(n—ll(m—z); o
u 2! 3!
(b) Confirm that the answer to part (a) matches the first four terms of the binomial &0
theorem expansion of 1# ! = ( b+ 'x)
342
| +2¢
(3] N .
=1 (D)o s (DET =) x4 () -)E-2)
The Maclaurin series for In(1 + x) is
( ) 2 x| Ix2xl
x*  x3
In(l+x)=x——+—— .. 5
23 = \l-a4+x ="+,
(c) Differentiate the Maclaurin series for In(1 + x) up to its fourth term and compare this
to the answer from part (a). Give an explanation for any similarities that are found.
2] Fiest & berms: | -oc +x* - o°

These match the berns Seneraten( by the
Maclavrin series in ()
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(a) Use the general Maclaurin series formula to find the first four terms of the Maclaurin

series for = X s
fx)=1-x+x*-x
(4]
(b) Confirm that the answer to part (a) matches the first four terms of the binomial
. 1
theorem expansion of ="
[3]

The Maclaurin series for In(1 + x) is

s g
ln(1+x)=x—?+?—

(c) Differentiate the Maclaurin series for In(1 + x) up to its fourth term and compare this
to the answer from part (a). Give an explanation for any similarities that are found.

[z

Question 5

(a) Use the Maclaurin series for sin x and cos x to find a Maclaurin series approximation
for 2 sin x cos x up until the term in x*.

[3]
The double angle identity for sine tells us that
sin2x = 2sinx cosx

(b) Use substitution into the Maclaurin series for sin x to find a Maclaurin series
approximation for sin 2x up until the term in x*, and confirm that this matches the
answer to part (a).

(3]

(c) Conbinne tre Maclavrin series uvp to the 4 term

z

tn(lex) # - x* + x° - x'

2 3

IS

Differentiate

- x +3x* -x?

ﬁ("%‘ 2-g) & |
The derivative of the Maclavrin series for bn(1+x)

is bhre

the Maclavrin series for _|
I+

this is because the derivative of b (1) is L
I+

Same as

?

‘F‘O(‘M\A ‘a

booklet Exack tr?a values:

sin(e)= 0 cos(o) =)
sin(0) + xcos(0) - x* sin(0) - x* cos (o) /
3!

(o) =S O+5/O+Z S O+.. «=

sin (x)

&

2!
X - L; The next non-zero term~ waould be Jcsl
6 which is not required

cos(x) = cos(0) - x sin0) - x’cos(0) + ' sin (o)
2! a

The next non-zere termn would be ¥,
which  when rmulbdied by the smallest berm from

: : s
the Sin expansion would ﬂu\gmke an x° terwa

2Sin 3 CO§ X = 2(x—£)(l—£1
6 2

#2fx-xt-x! 4 x’
2 ¢ 1z

~ R

lavwre Hus
ten—

2sinaccosx ® 2x - & o
3
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(a) Use the Maclaurin series for sin x and cos x to find a Maclaurin series approximation (b) Rzplonu‘. ¢ b 2x " Jd/\a Mac‘ aurin series ‘Cor S;v\;
for 2 sin x cos x up until the term in x*,
. 1
s'm(ac) rx-x 2sinxccesx & 2x - & x* 3] 5"‘(21) & (21) - (2_’-)
6 3 (4
The double angle identity for sine tells us that
~ 3
sin 2x = 2sin x cosx 2x - %x
(b) Use substitution into the Maclaurin series for sinx to find a Maclaurin series
approximation for sin 2x up until the term in x*, and confirm that this matches the
answer to part (a). S;ﬂ (ZI) x 2o -4 xl
(3] :
3 : - p
This matches the expansion for 2sinxcosx in
part (a)
Question 6
(a) Use the Binomial theorem to find a Maclaurin series for the function f defined by (a) (ASV\S the binomial Breorewmm , For any value oF e
=J1— 2x2 3
fle)=v1-2= (+X) = 1+ nx+ nln-)x*+ nl-))(h-2) 5"+ ...
] \
Give the series up to and including the term in x°. 2. 3!
[4] S

—~— s
Si-2x® = (12 2x%)*

(b) State any limitations on the validity of the series expansion found in part (a).

(2]

PO = 1+ (1) Cax) + (i-)(%"l)(-zxz)*

(c) Use the answer to part (a) to estimate the value of v0.5, and compare the accuracy of

that estimated value to the actual value of \/ﬁ
[4] '_) _‘—l)_|—2) L\3
+ (2 (2 2 (‘ 23 )

3!

11_11+M+ (%)(—7836)

6

6

fe)x 1-2® - 1x* - 1x
2

4
2
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(a) Use the Binomial theorem to find a Maclaurin series for the function f defined by
fO) =y1—2x?
Give the series up to and including the term in x©.
(4]
(b) State any limitations on the validity of the series expansion found in part (a).
(2]

(c) Use the answer to part (a) to estimate the value of v0.5, and compare the accuracy of
that estimated value to the actual value of v0.5.

(4]
(a) Use the Binomial theorem to find a Maclaurin series for the function f defined by
fO) =y1—2x?
Give the series up to and including the term in x®.
~ = 2 _ 4 6
fx)= 1-x 2_Ix -?lx 4]
(b) State any limitations on the validity of the series expansion found in part (a).
[2]
(c) Use the answer to part (a) to estimate the value of ¥0.5, and compare the accuracy of
that estimated value to the actual value of V0.5.
(4]

(b) T‘AQ l:ir\ow;.a\ expahston 'Fo( (l+x)x IS an m{‘vul:ﬂ sories
when -l < x < |

“l<(-2x*) <
» 1 >x*> -1
2 2
= L >x*>0 x* cont be r\e_aok:we
2
= L >|x|
VZ
= -1 <x <_)
JZ \F)

]
gy

A

K

A
W

) JI- 2x* = o5

l—2x*= = x=1
2

Substitube x= 1 inbo the expansion from (o)
2

fG)e @) G aG)
f(3)" &

Find the percentage error

[

2]
e

aL - Jos
€ =128 X 1007, = 0541 745¢ ...
Jo's

g£=0-5¢27% (3sf)
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Question 7

Consider the differential equation

y =2y +x
together with the initial condition ¥(0) = 1.
(a) (i) Showthat y” = dyy"+ 1.

(i) Use an equivalent method to find expressions for ¥, ¥ and y®). Each
should be given in terms of ¥ and of lower-order derivatives of y.

(4]

(b) Using the boundary condition above, calculate the values of ¥'(0), y"'(0), ¥"'(0),
y“’((}) and yts) (0).

[3]

Let f(x) be the solution to the differential equation above with the given boundary
condition, so that y = f(x).

(¢) Using the answers to part (b), find the first six terms of the Maclaurin series for f(x).
[4]
(d) Hence approximate the value of y to 4 d.p. when x = 0.1.

[2]

(a) 6) Use implicit  differentation

‘=4 (y) = 4 (2¢°
» dx%) dx(ﬂ+i)

=i(’-‘da)+|
dx
let u=24y = du=4 Chain rule:
T & _d du s s
dr du dx
du - \
TETHIY A A Ay

4(29) - 4ay
i 9 9

ﬁé(?_ *ix) = Guy' + |
et Y 99

43\3’-# |

(&~
[}

() g 4y = dleyger) = dlyy)

= 44(yy)
)
USWS the pfbAuot rule  y=w = %=“%+"d_d: - %ﬁl:ht

let w=yY, v= y'

"

= du-y, g

&_\':
d3 d.:j
= 44(yy) = 4yy" + ¢y'y
289 94 49

5= gy’ ey)
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* e A "= A il & )
Yy Ly E(Qgﬁ ‘t-('j))

dx

' (] ) '3 ok rulb
ﬁ(‘*%") = 4yy rhy'y .--*““"‘52; PS?::Q* o

L) - & (byy)

Wsing the produck rule
* 93'3" 79 s before

§7= 4Chyy' + 40Y) T gy vy +By'y
@_

g = 12g'y' + byy”

5 Y ina B dunck rule
> & (5= 4 (2gy e wgy) o T

- (2 gy + 12 @)j + (4 yy '+ by 3)

‘jfﬁ): lc"j"jm " ll('j")z + alj‘j(‘f)
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Consider the differential equation y' = byy'+ )

y =2y +x g= by (y)
together with the initial condition y(0) = 1. g 12yy' v byy”

(a) () Showthat y” =4y’ +1. 4= 1egy 12(y)" + byy?

(ii) Use an equivalent method to find expressions for y'”, y® and y®. Each
should be given in terms of y and of lower-order derivatives of y.

(4]

(b) Using the boundary condition above, calculate the values of y’(0), ¥"'(0), ¥""(0),
¥®(0) and y©(0).

(31

Let f(x) be the solution to the differential equation above with the given boundary
condition, so that y = f(x).

(c) Using the answers to part (b), find the first six terms of the Maclaurin series for f (x).

(4]
(d) Hence approximate the value of y to 4 d.p. when x = 0.1.
[2]
Consider the differential equation
¥ =2y*+x
together with the initial condition ¥(0) = 1.
(a) (i) Showthat y" =4yy' +1.
(ii) Use an equivalent method to find expressions for y'”, y® and y®. Each
should be given in terms of y and of lower-order derivatives of y.
[4]

(b) Using the boundary condition above, calculate the values of y’(0), ¥"'(0), ¥"'(0),
y“(0) and y®(0).

ﬁ'(o)= 2 ta"(o) = ‘-] lj“l(o) =52 5(:») = 4.2_4 5(5)= 11-332 [3]

Let f(x) be the solution to the differential equation above with the given boundary
condition, so that y = f(x).

(c) Using the answers to part (b), find the first six terms of the Maclaurin series for f(x).
(4]
(d) Hence approximate the value of y to 4 d.p. when x = 0.1.

[2]

n

(e) y'(0) 2(\)" + (o) 3'(o)= 2

|
L

y(o) = 4()(2) +\ y' (o) =

S2

n
1]

y'(o) = 6 ()(a) + 4 () y"(e)

yO(0) =12()(2) + 6 ()(s2) | 4= 424

YO (o) = 16 (2)(52) + 12 (a)* + 4 (1) (424)

lj(s) = 4332

Formwla

(<) f(x):,f(0)+xf’(0)+x2—!f”(0)+--- -~ booklet

f) = V¢ (2)x + (1) x*+ (52) o’ + (2g) x“ + (4332) x°

2. 3! 4! S!
flx)=1 + 23 + 3 x* + 26 x® + 53 oc* + 361 oc°
2 3 3 10

For more help, please visit www.exampaperspractice.co.uk
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Consider the differential equation (d) Su‘csﬁtuke x=0-| (/\EO F(’-’C) from (()
y =2y +x
. 2 3 4 s
together with the initial condition y(0) = 1. F (OAI)N I 1(04) ad %(0 |) = %(O l) + STZ(O l) +3;_f;l(0' I)

(@) (i) Showthat y” =4yy'+1.
~1-2557943...

(ii) Use an equivalent method to find expressions for y'”, y® and y®. Each
should be given in terms of ¥ and of lower-order derivatives of y.

" FloV) = 1-25¢ (4 sf)

(b) Using the boundary condition above, calculate the values of y'(0), ¥"'(0), ¥"'(0),
y®(0) and y®(0).

(3]

Let f(x) be the solution to the differential equation above with the given boundary
condition, so that y = f(x).

(c) Using the answers to part (b), find the first six terms of the Maclaurin series for f (x).

Flx)=1+ 23 +93x*+26x* + 53 x*+ 361 &° 4]
2 3 3 10
(d) Hence approximate the value of y to 4 d.p. when x = 0.1.
[2]

For more help, please visit www.exampaperspractice.co.uk
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Question 8

Consider the differential equation
¥ =2xy*
with the initial condition ¥(0) = 1.
(a) (i) Findy".
(i) Hence show that "' = 8yy’ + 4x(y')* + 4xyy” and

),[l} = 120,!}2 I 12}’)’" e 1213"'}" +4xyy'"
[5]

(b) Use the results from part (a) along with the given initial condition to find a Maclaurin

series to approximate the solution of the differential equation, giving the

approximation up to the term in x*.

[4]
(c) Use separation of variables to show that the exact solution of the differential equation
with the given initial condition is

1

e

(4]

(d) Use the binomial theorem to find an approximation for up to the term in x*,

1
1-x%
and verify that it matches the answer to part (b).

(31

(ﬂ) (t) WUse impll“-;t AJFFEFU\E‘C\LI.OV\
d (w)= 4 (2xu?) = 2 & (xy*
4 ()= 4 (2xy?) = 22 (xy?)

WUse i’-\'»e C.L\D.‘u\ rulQ ’]:O AJHE(EI\*\&{E (5"
Let I.\=Ijz - A_u=2.j

dy
formulo
> du = 235' dy _dy du «>  booklet
dx dv du dx

WUse the Prndh\c'c rule b now Aifkrmbb\& (3(;5")

o o o g fereul
5 yzm':-—}:u_v.'.‘,_“-"- booklet

d dx dv  dx
24y

let u=x V=
u‘=i V|=

224 (xy) = 2 (4 + 2xyy)
ax
y' = 29’ + 4xyy

({i) 1.3'”= %x(?_-jl+ Q‘leﬁ')
Mu::\h.t:li?o&r 55'

Soamme oS fw ten for 1(&59

(<)

L (2u*+ 4xun') = 4un' + 4 (4xuw
4. (24 xyy) = byy dx( 4y)

> A0y)= @)

:(‘*1(33')) Leb u=4x  v=yy
x I.‘|: 4 v\= 35H+(3|)Z
- %(x'j‘j') = 4x (‘j'ﬁ"+ (y)) + 44y
x

Qx(jlj" + q:(\j‘)‘+ 4uy

%(23'@ 4133') = 453' + 4x-_ﬂ" +4x(3')‘+ Guy

g' = Byy +4x(y)" + dxyy’

For more help, please visit www.exampaperspractice.co.uk
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Consider the differential equation
yl = 2xy2

with the initial condition ¥(0) = 1.

[ 2 )
@ @ Findy”. Y =29 + bxyy

(ii) Hence show that "’ = 8yy’ + 4x(y")? + 4xyy” and
y® =122 + 12yy" + 12xy"y" + dxyy""
[5]

(b) Use the results from part (a) along with the given initial condition to find a Maclaurin
series to approximate the solution of the differential equation, giving the
approximation up to the term in x*.

[4]

(c) Use separation of variables to show that the exact solution of the differential equation
with the given initial condition is

_ 1
T 1—x?

(4]

d) Use the binomial theorem to find an approximation for E up to the term in x*,
PP == P

and verify that it matches the answer to part (b).

(3]

(&

Y= A (3yy v 4 (W) + bxyy)
g’ = & (Byq ré(y 9y
rode ule
L) sgery T
4 (4x(y)*)
dx

Let u=4x V:(}j’)l same os for & (y7)
doc
Ve L'y e @)

> 4 (4x(4)7) = sxy'y’+ 4y’

u'= ¢

Sara o5 for

%(‘rxa W) Gxgd't bxgy s byy L ngy) 00
i’

> &

A (3yy +4x (W) + bxyy')
ax.

=By’ + B(y)7+ Sxy'y’ + G(y) 4 bxyy's bxyy' s byy

4 = 12(y) +izyy + 12xy'y" + 4xyy”

(6) Fd £, F(0), £, £0)

F'e)=2(e)(1)" = O

f'0) =2()* + 4 (e)(1)(0) = 2

£“(0) = 8(1) (0) + &(0)(0)* + 4 (0)(1)(2) = 0
FO0=12(0)* + 12(1)(2) + 12(0)(0)(2) + 4 (0)(1)(0) = 24

Substitube the values iato the Maclavria series ]Cormutu

_ i 2 formulan
J(x)=£(0)+x ["(0)+ 2!f(0)+»~ -2z bo:kbb

f(x) =1+ x (o) + %‘ (2) +%3(0) + %(7_4)

Flx)= |+ + x*

For more help, please visit www.exampaperspractice.co.uk
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EXAM PAPERS PRACTICE

Consider the differential equation
y' = 2xy?
with the initial condition y(0) = 1.
(@) (i) Findy".
(ii) Hence show that y"' = 8yy’ + 4x(y')? + 4xyy” and
y@ = 12(y")% + 12yy" + 12xy"y" + dxyy™
[5]
(b) Use the results from part (a) along with the given initial condition to find a Maclaurin

series to approximate the solution of the differential equation, giving the
approximation up to the term in x*.

2
Flx)= |+ + x*
(4]
(c) Useseparation of variables to show that the exact solution of the differential equation
with the given initial condition is
T
(4]

. . X . . 1 .
(d) Use the binomial theorem to find an approximation for -z w to the term in x*,

and verify that it matches the answer to part (b).

(3]

Consider the differential equation
y' = 2xy?
with the initial condition y(0) = 1.
(a) () Findy".
(ii) Hence show that y"’ = 8yy’ + 4x(y')? + 4xyy” and
y@ = 12(y")?% + 12yy" + 12xy"y" + dxyy™'
(5]
(b) Use the results from part (a) along with the given initial condition to find a Maclaurin

series to approximate the solution of the differential equation, giving the
approximation up to the term in x*.

[4]

(c) Use separation of variables to show that the exact solution of the differential equation
with the given initial condition is

_ 1
YET e
[4]
(d) Use the binomial theorem to find an approximation for ﬁf up to the term in x*,
and verify that it matches the answer to part (b).
(3]

(c) dy = 13&91
dx

Se_paro\& bhe vomables and intesmte bothh  sidkes
JL Aﬂ = J?_ x dac
51

= x* +c

-t
3

Inbial  condibion : 5(0) =1

-1 =(0)* +c » c= -|
|

Reorr ange

(4) Using bre binomial Breorem, for any value of n:

E
(|+x)" = |+ nx+ n{n-1)x*+ Y\(V\—I!(M-Z_>J- ¥ ...

2! 8!
(72 ) 1)

-
(l-x‘) = l+ax® !

This matches the result fron port (b)

For more help, please visit www.exampaperspractice.co.uk
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