Dr Oliver Mathematics
Further Pure Mathematics
Maclaurin and Taylor Series
Past Examination Questions

This booklet consists of 23 questions across a variety of examination topics. The total
number of marks available is 203.

1. (a) Write down the expansion of sin 2z is ascending powers of z, up to and including

the termin z°.

Solution

sin 2z = (2z) — 4(22)° + 4(22)° + . ..
=2z -5+ 220+ ...

(b) Show that, for some value of k,

2r — sin 2z
li —_— | =1
20 lxz In(1 + kx)} 0

and state this value of k.

Solution
2¢ —sin 2x = 2x — (2x—§x3+%x5+...) = %x?’—%f—s—...
?In(l + kx) = 2® [(kz) — L(ka)* +...] = ka® — 3k%2° + ..
So
) 4 4
lim 2x — sin 2x 4 1m 551?3 —1ﬁx5 + ...
o=0 | 22In(1 + kx) w0 | ka3 — k25 + ...
4 4
z—0 ]{} — %]{321'2 + ..
B 4
3k
Hence
4 1




2. It is given that

y=+vV4+sinz.

d
(a) Express yd—y in terms of cosx.
x

Solution
d 1 d
d—i = 1(4+sinz) 2 cosz = % =1y 'cosz
= y% = Lcosz
de 2
*y
(b) Find the value of P when z = 0.
Solution
Differentiate the expression from part (a):
y% = icosz = dy 2 —I—y@ = —Llsing
de 2 dzx da? 2
dydy Py dydy
dz da? dz?  dr da? 2 ‘
Now, when x =0, y = 2,
dy dy
97 _ 1 < _1
de 2 dz ¥
d’y d’y
1)2 1
Qe ===
and ; ;
dy dy

ascending powers of x of /4 + sinz.

(c) Hence, by using Maclaurin’s theorem, find the first four terms in the expansion, is

Solution




Hence

Va4 _ 61
_ 1 32 2 256 ,.3
y=2+3x+ 2!x+ 3!1:—1—...
_ 1 1.,.2 61 3

y = In(cosx + sinz).

(i) Show that

d?y B 2
dz2  14sin2z
Solution
y = In(cosz + sin z)
dy —sinx + coszx
= -V = .
dx CoOST + Sinx
_ody —(cosx + sinw)? — (—sinx + cos)?
dz (cosz + sin z)?
N d*y  —(cos’x + 2sinx cosx + sin® x) — (sin®z — 2sin x cos x + cos? v)
dz? (cosz + sinx)?
_ d%y _ —2(sin®z + cos® 1)
da? (1 +2sinzcosx)
d?y _ 2
= ——=—-—""
da? 1+ sin 2z
as required.
d®y
ii) Find —.
(i) P
Solution ) 4
d7y . -1 dy . -2
— = —2(1 +sin2x)"" = — =4cos2x(1 +sin2z) ".
12 ( ) P ( )

(b) (i) Hence use Maclaurin’s theorem to show that the first three non-zero terms in
the expansion, in ascending powers of z, of In(cosz + sin x), are

a:—x2 + §x3.

(3)



Solution
When z = 0,
y =1In(cos0 +sin0) =Inl =0,
dy  —sin0+cosO
dz  cosO+sin0
d*y - 2 _
dz?2  14sin0 7
d3
d_xg = 4cos0(1 + sin0) "2 = 4.
Hence
2 5 4 3
y=0+(1)x+§x +ax +...
:m—x2+§x3+...,
as required.

(ii) Write down the first three non-zero terms in the expansion, in ascending powers

of z, of In(cos z — sin ).

Solution
In(cos x — sinz) = In(cos(—z) + sin(—x))

Z—I—l'2—§$3+...

(
= (—z) — (—z)* + 2(-2)° + ...

(c) Hence find the first three non-zero terms in the expansion, in ascending powers of

x, of

| COs 2x
et )

Solution




| COS 2x
I 63171

= Incos 2z — Ine?*~!

= In(cos*z — sin®x) — (3z — 1)

= In[(cosx + sinx)(cosx — sinx)] — (3z — 1)

= In(cosx + sinz) + In(cosz — sinz) — (3z — 1)
=z-2"+2°+. .. )+ (-z—2"-22"+..) - 3z - 1)
=1-3r—22"+...

4. (a) It is given that

(i)

y = In(e* cos ).
Show that

dy

— =3 —tanux.

e an x
Solution

d—( ¥ cosx) = 3e* cosx — e sinx
x
= ¢’ (3 cosx —sinx)

and

as required.

dy e (3cosx —sinx)

dz e3% cos x
3cosx —sinx

CcoS

=3 —tanz,

. dly
Flnd @

Solution




d d
d_y =3 —tanz = d—‘z = —sec’x
x x
d3
= d_g = —2secz(secrtan x)
x
d3
= d_z = —2sec’ztane
x
d*y
== —2sec® r(sec’ 1) — 4sec x(sec x tan ) tan x
x
d4
d—‘Z — —2sec’ . — 4sec® ztan’ z.
x

(b) Hence use Maclaurin’s theorem to show that the first three non-zero terms in the
expansion, in ascending powers of z, of y = In(e3* cos x) are

142U
3z 5T 5T

Solution
y|x:0 = 07

dyl g
dz|,_,
Py _
A ’
Syl
da3|,_,
o,
dazt| _, ’

and hence

3x 1 2 1 4
In(e* cosx) = 0+ 3x + 5(—1)1: + 0+ Z(—2)x + ...
=3z —12"—Lat+ ...

(c) Write down the expansion of In(1 + pz), where p is a constant, in ascending powers
of z up to and including the term in z2.

(3)



Solution

In(1+px) =pz—L(pzx)>+...=pz

—1pP

(d) (i) Find the value of p for which

3z
lim liln (e < kel

)

z—0 | 22 1+ px
exists.
Solution
1 e3% cos x
lim | = In
e—0 | 22 1+ px
_l 3z 1/
s i | (e’ cosx) — In(1 —i—p:c)]
x—0 L 1‘2
_ (3 — 422 — Lt +..) — (pr — $p*a? + ..
r—0 ;(;2
_ [B=pz+ip*—1)2+ ]
= lim 5
x—0 L X
= lim E-a +i@®—1) +
x—0 L x 2 ’
and so p = 3.

(ii) Hence find the value of

. 1 e3% cos x
lim | —1In
z—0 | 22 1+ px

when p takes the value found in part (d) (i).

)

Solution

(3*—1)

limzé
:é‘

x—0

5. Given that y = tanz,



dy dzy

(a) find L and Fpel
Solution

dy _ sec’ x

dx ’
% = 2sec z(secx tan x)

— 2sec’ ztanz, and

d’y 2 2
o7 = 2sec” x(sec” x) + 4sec z(sec x tan x) tan x

= 2sect z + 4sec® x tan® x.

s

(b) Find the Taylor series expansion of tan x in ascending powers of (z — Z) up to and

4
including the term in (z — §).

Solution
yl,_m =1,
4
d
4 -
x x*O%
d2
eyl
da?| _=
4
d3y
— =16
dad| _= ’
4
and hence
1
tanz =1+2(c—5)+ g (@)@ — 57+ 5 (16)(z — 1)° +
—1+2e-D+ Ao PP 43D+
(c) Hence show that
; 3T L4 T n w2 N 3
an — ~ 4 ]
10 10 200 3000

(3)



Solution

37T T v s v T v
tanl—o:1+2(§——Z)+2(§—0—Z)2+§(§——Z)3+
=1+4+2(Z)+2(&)°+8(Z)°+...
s 71'2 71'3

(a) Prove by induction that

d" |
@(ex cosz) = 22" e” cos(x + ynw), n = 1.
Solution
n=1:
d x €T X 3
—(e"cosz) = e"cosx —e“sinx
dx
= e”(cosx — sinx)
and

23 ¢ cos(z + m) = 23 e”(cos x cos 1 — sinx sin )
= \/§e“’(\/$5 cos T — \%sinx)
= e”(cosx — sinx),

and so the solution is true for n = 1.

Suppose the solution is true for n = k, i.e.,

dk‘
@(ex cosT) = 23F o” cos(z + 1km)
Then,
korl d
(e cosz) = —(2%]’“ e” cos(x + 1k))
T

(4 Q%k(ex cos(z + 1hm) — " sin(z + 1k))
= 22ke7 x 2cos(z + Thr + 3m)
25367 cos(z + T(k+1)m)

2
= 22 cog(z + Tk +1)m),




and so the result is true for n = k + 1.

Hence, by mathematical induction, the expression is true for all n € N, as
required.

(b) Hence find the Maclaurin series expansion of e” cos z, in ascending powers of x, up

to and including the term in z?.

Solution
y|;p:0 = ]'7
dy 1
= =22¢" + 1 =1,
ar| . e’ cos(z + 37) .
d%y
— = 2¢e"cos(z + im)| _ =0,
dz2 0 2 =0
d3
d_a:z S = 2% ¢" cos(z + 3m) . -2,
d4
d_xzi . = 4e’cos(z + m)|,_, = —4,
and hence
T 1 3 1 4
e’ cosx = 1+I+0+§(—2)x +O+Z(—4)a7 +...
:1+x—§x3—éx4+...

7. The variable y satisfies the differential equation

d*y dy

dy
Atz=0y=1,and — = 1.
x , U , an dr 3

d%y
(a) Find the value of P at x = 0.
T

Solution

10

(3)



d?y d?y
2 1_ _
d*y 1
ik
Find the value of 2
(b) Find the value o ﬁatxz(). (4)
Solution
Take the derivative:
Py &y dy Py dy
41+ 2H)—2 + 81— + 4 +dr— = =
(1+e )dx3 * T - dx * Y2 T A
and let x = 0:
d’y 1 1 1 _ 1
@+8x0xz+4x§+4x0xé—1=§
d33/ 1
4@ = _3
dz3 2
Py
dr3 8
(c) Express y as a series, in ascending powers of z, up to and including the term in 3. (2)
Solution
141 Loy o 1 503
Yy = +§x+5(z)x +§(—§).T +
=l+ir+is”—La®+
(d) Find the value that the series gives for y at x = 0.1, giving your answer to 5 decimal (1)
places.

11



(a) Show that

Solution

r=01=y=1+21(01)+5(0.1)* - L(0.1)°
=y = 1.051 1875 (FCD)
=y = 1.05119 (5 sf).

dy 2
142z)— = 4y°.
(+x)dx T+ 4y

2

d7y dy
1+22)—=1+2(4y—-1)—. (1
( x)]Q (4y )] (1)

Solution
Take the derivative with respect to x:

dy ) d’y dy dy
(1+2$)£—$+4y :>(1+2$)@+2£—1+8ya
d*y dy . dy

1+27)—2 =1+8y—2 —2-2

= (L+ x)dx2 +8ydx dx

d*y dy

14+22)—= =14+ 24y — 1)—.

= (1+22)75 =1+2(4y - 1)=~

d3
(b) Differentiate equation (1) with respect to x to obtain an equation involving Fpel
x
d’y dy
T, Y.
da? do OY
Solution

Take the derivative with respect to x: e.g.,

d’y d% 4%y dy\*
1+22)— +2—==24y—1)— +8[ —= | .
(1+ x)dx3 T (4y )dx2 " (da:)

Given that y = % at x =0,

12



9.

(c) find a series solution for y, in ascending powers of z, up to and including the term

3

m z°.
Solution
dy
Il =04+4(1)? =1,
dz|,_, 2
d2y
— =1+2x{@dxi-1)x1=3,
d‘TQx:O 2
d3
—g :2><(4><%—1)><3+8><12—2><3=8,
d.l? =0
and hence
1 1 9, 1 3
y=§+x+§(3)x +§(8)ZE 4+ ...
1 3.2, 4.3
=5 tT+352°+32° + ...

™

(a) Find the Taylor expansion of cos2r in ascending powers of (z — %) up to and

x— ).

including the term in (

Solution

Y = cos2x = y|x:% =0,

d
d—y = —2sin2z = 5 Y =
T Tl _x
=7
d? d?
d_z = —4cos2r = d—z =
T T x
=7
d? d?
d—z — 8sin 2z = d_’g _
I x T
T=q
d4y d4y
Ep = 16 cos 2z = 1 s =
4
d°y . d°y
4

13



and hence

%(8)(36 5 +0+ %(—?@(w -5+

= - D+ - L@ -+

cos2r =0—2(x—F)+0+

(b) Use your answer to (a) to obtain an estimate of cos 2, giving your answer to 6 decimal
places.

Solution

cos2x ~2(1— ) + %(1 - %)3 _ 1%(1 — )5

— —0.416 1473676 (FCD)
— —0.416 147 (6 dp).

10. )
dy y
1—23) 2 — 2= 42y =0
( )z g, T
d
Atx=0,y=2,and—y=—1.
dzx
d?y
(a) Find the value of P at x = 0.
x
Solution
d?y d?y
= _ 4 = _— = —4_
r=0= 2 0+ 0= 2

Differentiate with respect to x:

d’y dy &Py dy L dy
1 — 2? —2 = — 2 4+2—= =0
( v )dx3 xd:r:2 xde dz + dx
and set x = 0: ( )
d’y dy

(b) Express y as a series in ascending powers of z, up to and including the term in 2.

14



Solution
=2 ! 4)x? ! 1a?
y = —x+§(— ) +§( Jx® + ...
=2—x—2x2+%1‘3+...
11. )
dy dy
@?+U$§:2f+41—mmﬂ.(n

(a) By differentiating equation (I) with respect to x, show that

d3y dgy dy
2 ay 4 ay 0%
(x* + 1>dx3 = (1 4x)d$2 + (4y 2)dx.

Solution
4%y dy
2 5.2 _ ay
(x* + l)dx2 =2y"+(1 2x>dx
2 3 2
Yy 9 d’y Yy dy  dy
2r—= 1) — =4y—= 1—22)—= — 22
- :1:2+ v )dx?’ yd * )da:2 dx
3 2
2 Yy dy Yy

d
Giventhatyzlandd—yzlatxzo,
x

(b) find the series solution for y, in ascending powers of x, up to and including the term
3

mn z°.
Solution
d2y
—~ =24+1=3
da? + ’
d3y
— =3+2=5
dz3 + ’

15



and hence

1 1
y=1+x+a(3)x2+§(5)x3+...

=l+az+32a>+ 3%+ ..

(c) Use your series to estimate the value of y at z = —0.5, giving your answer to
two decimal places.

Solution

y~ 1+ (=0.5)+ 3(-0.5)* + 3(-0.5)
= 0.77083 (FCD)
= 0.77 (2 dp).

12. Given that y = 23 Inz,
dy d? d?
Y Y nd Y

find —=, — —.
(a) fin dx’ dz?’ da3
Solution

d 1
d—y=3x21n:v+fc3x—=§;cil_n_x_+xf-
xT xT . 94
d? 1
d_lz:(jg;}ng;jui}g;zxE+2x=6xlnx+5x.
d? 1
—zzﬁlnx+6xx—+5:61nx+11.
dx T =

(b) Find the Taylor series expansion of 23 In z in ascending powers of (x — 1) up to and
including the term in (z — 1)3.

Solution

16



and hence

y=0+(x—-1)+

% =0+1=1,
dr|,_,

d2y

— =0+5=5
da?| _, * ’
d3y

v =0+11=11
da? =1 ! ,

SO =17+ -1+

R VR R s IO i

2 6

13.

(a) Show that

y = sec’ .

d2
d_xz = 6sec* z — 4sec? z.

Solution

y = sec’ v = j—i = 2secz(secxtanz)

= j—i = 2sec’ rtanx
d%y 2 2

= 12 4 sec x tan x(sec x tan x) + 2sec” x sec” x
= % = 4sec’ rtan® x 4 2sec’ x
= % = 4sec’ v(sec’ v — 1) + 2sect
= % = 4sect v — 4sec’ v + 2sec’ x
= % = 6sect v — 4sec? z.

17



(b) Find a Taylor series expansion of sec® z in ascending powers of (z — F) up to and
including the term in (z — F).

Solution
d*y 3
i 24 sec” x(sec z tan x) — 8 sec z(sec x tan )
and
y‘zzﬂ = 27
4
Y.
dz T O%
dy
— =16
da?| _= ’
4
d*y
— =80
de3| _=x ’
4
and hence
s 1 mT\2 1 m\3
tanz =2 +4(x — §) + 5(16)(1‘ -3+ 5(80)@ -3+
=2+4(z— %) +8(x— I+ Lz - 1)+

14. The displacement x metres of a particle at time ¢ seconds is given by the differential

equation
LS 0
— +x +cosx = 0.
de?

dx
When t =0, z =0, and—zé.
dt
Find a Taylor series solution for x in ascending powers of ¢, up to and including the term
in 3.

Solution

Differentiate with respect to x:

(P—x—kd—x—sinxd—x—O:(f)—x—d—x(sinx—l)
des  dt dt des  dt '

18



15.

gr =1
d244 [
A3z o
dtB x=0 - i
and hence
r=0+Lit+ l(—1)1&2 + l(—l)t?’ +
2 21 31 2
1 1,2 1,3
d2?J dy 2
—Z =" | 2y== 1].
dz? & (ydx+y g

(a) Show that

P 2y—= +

dz?

dy2 dy 2
2 = ky—= 1
(dx)+ydx+y+ ,

where k is a constant to be found.

Solution

Differentiate with respect to x:

&y dy dy (g, dy
— e (oy=2 1) e |2g=2L v2(=2) +24°7
da? ~ © ( Yiu M ) e Y2 * (d.ﬁE * Yz

d
Given that, at z = 0, y = 1, and Y 2,

dx
(b) find a series solution for y in ascending powers of z, up to and including the term
in 3.
Solution

19
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d2
—‘Z =12x1x2+1*+1) =6,
dz?|,_,
d3y
- =1(2><1><6+2><22+4><1><2+12+1):30,
da: =0
and hence
1 o, 1 3
y=1+2x+§(6)x +§(30)m + ...
—1+4+2x+32%+52° +...
16. 1
xd—y=3x+y2
T
(a) Show that , (2)
d%y Y
— 1—2y)—= =
TEAD VY ST,
Solution

Differentiate with respect to x:

dy %y dy Py dy dy

& 28 Y 349,88 LY Y 58 3
o L T e e Y
d*y dy

(1 =22 =

= 1 x2+( )dm 3

Given that y =1 at x = 1,
(b) find a series solution for y in ascending powers of (x — 1), up to and including the (8)

term in (z — 1)3.

Solution
Differentiate with respect to x:
dy &y dy dy\? . d%
+ + -2 =) —2y—==0
md:ﬁ da3  da? dz Y

d’y % 2
Iy e r2(2) .
~ dad d:c2< ymr-Dh+ (da:)

20



17.

d

S . S L
dl’le

d%y

—2 =344=7
da?| _, * ’
d3y

—| =0+2x4* =32,
da3|, _,

and hence

tanz = 1+ 4(x — 1) + %(7)@ -1+ %(32)@ — 1)+

=1+4@-1D)+L(z—1P2+%z-1)°+...

d2y

1 ; +4y —sinz =0
x

1
Given that y = % and 2 — = when z = 0, find a series expansion for y in terms of z,

dr 8
up to and including the term in z3.

Solution

Using the differential equation,

&y

dz?

d2
» P eess?

dz? - 2

z=0

=0

Now differentiate the differential equation:

d’y  dy
— +4—= —cosx =0
da3 dz
and substitute the values in:
d3 d?
Y opaxloi-0=Y -1
dz3 |, _, dali€e,,
So
-9 1
_ 1.1 2., 2.3
y=atgrd gt gt
1,1 2, 1.3
—§—|—§x—x —1—5.1' + ...

21




18. Given that , )
d d
J <—y) + 5y = 0,

y@ dx
3 2
d®y d
(a) Find d_xz in terms of d_xz’ ﬁ, and x.
Solution
Differentiate the differential equation:
dydy &y  dyd’y _dy
4y 422 45 =
drdz? Y az? dx da? dx
d3y 1/ dyd%y dy
— =—|(3=—+5—,
~ A y ( dedz?  dx
or equivalent.
: dy
leenthaty=2andd—=2atx20,
x
(b) find a series expansion for y in ascending powers of x, up to and including the term
in 3.
Solution
Using the original differential equation,
d? d?
2=l 192 10=0= 2| —-7.
da?|,_, da?|,_,

Using the result of part (a),

&y

1 = —2(3x2x(=7)+5x2)=16.

=0

Hence

7, 16,
y=2+21‘+7$ +§Qf + ...

=242z — 127+ 8% + .

19.
y=+v8+er rek

22

()



Find the series expansion for y in ascending powers of x, up to and including the term

in 22, giving each coefficient in its simplest form.

Solution
1
y=(8+¢")2 =y=3whenz =0
d L d
d_Z: 16" (8 + ") 2 =>£=%
d2y T T : 1 2z T 3 d2y 17
2 = 2° (8+e") 2 —4e™ (8 +¢") 2:?:m
Hence
_ 1 17 .2
y=3+5x+ 5557 +
20. ) )
dy dy
SV o) 42y=0.
Y22 (dx) g
3 2
d*y d
(a) Find an expression for d_xz in terms of d—x‘z, d_i’ and y.
Solution
Differentiate with respect to z:
dyd’y &y dyd’y L dy
T T A A
dzr dz? Vg3 dz dz? dx
da? dzx dzx dz?
2
L Ay 2R - SHEE
da? Yy

d
Given that y = 2 and d—y =0.5at z =0,
x

(b) find a series expansion for y in ascending powers of x, up to and including the term

in 3.

Solution




21.

d?y

—2x057-2x2

da?|,_, 2 .
d3y —2x05-5x05x(—3)
s, 2 o

and hence

y=tan’z, I <z <ZI.
(a) Show that
d’y

12 = 6sect z — 4sec® .
T

Solution
d
Y = tan®x = d_y = 2tanz sec’
T
d?y
(OB (2sec® z) sec” ¥ + 2tan z(2secx - sec r tan x)
¥
d2
= d_% = 2sec’z + 4sec’ v tan® x
x
d2
= d—z = 2sectx + 4sec® r(sec’ x — 1)
T
d2
= d_z; = 6sect z — 4sec’ x.
x
(b) Hence show that
d3

d_a:z = 8sec? rtan z(Asec’ z + B),

where A and B are constants to be found.

24



22.

Solution

d3y

i 24 sec® z(sec x tan ) — 8sec x(sec x tan x)
T

= 24 sec rtanz — 8sec? x tan x

= 8sec’ rtan z(3sec’ z — 1);

so A=3and B = —1.

(¢) Find the Taylor series expansion of tan®z, in ascending powers of (z — %), up to

and including the term in (z — %)°.

Solution
yl,_x =3,
3
d
A e
dl’ x—OE
3
d2y
2 . = 80,
3
d3y
— = 352
3| 3521/3,
3
and hence

tan’z = 3 + 8v3(z —
=3+ 8V3(x —

1 red .
)+5@m@—§)+§@m¢$@—g)+“.

) +40(x — 2)* + 8Bz — TP + ...

w3

ol

(a) Find the Taylor series expansion about § of tanz, in ascending powers of (z — %),

z)?»_

up to and including the term in (z — %

Solution

25
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Now,

and hence

tanz = 14+ 2(x —§) +

2
— =sec’zx
dx
d2
d_z = 2secz(secxtan )
x
= 2sec’ rtanx
d’y 2 2
P 2sec” x(sec” x) + 4sec z(sec x tan x) tan x
x

= 2sect x + 4sec? rtan® .

yl,_m =1,
4
d
4 -
7 T OZ
d2
dyl
da?| _=
4
d3y
— =16
dad| _= ’
4

=142z— D) +2z -2+ 3= —-2)° +...

bm

(b) Deduce that an approximation for tan 25 is

12

1 1,2 1.3
1—|—37r+187r + g7

Solution

tan 5T ~ 14+ 2(32 — ) + 2(52 — 2)2 4 §(32 — 1)°

12 12 12 4
=1+2(%)+2(%)*+ 4(%)°
=l4im+m+4m
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23.

_dy d%y d’y
F = = —.

(a) Find 1’ da? and P
Solution

1
y—1n< ):>y—ln1—ln(1—2x)

=y =—In(l-2x)
dy 2

= =
der 1-2x

= = =2(1—-22)"

d2y -2

d*y _3

(b) Hence, or otherwise, find the series expansion of In

about x = 0, in
—2x

ascending powers of x, up to and including the term in 2®. Give each coefficient in
its simplest form.

Solution
y|g¢:0 = 07
d
dy|
dz =0
d2
yl
da?|,_,
d3y
— = 16,
da3 o0
and hence
1 1
y =042z + 5(4)952 + 5(16)953 +...
=2 +25° + 3%+ ...
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(c¢) Use your expansion to find an approximate value for In (%), giving your answer to
3 decimal places.

Solution
1 3
= — 1—92¢ =2
1 -2z 2 g T =3
= —2r = —%
Now,

In(3) ~2(3) +2()° + 5()°
=0.4012345679 (FCD)
- 0401 (3 dp).
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