y = arctan(sinh(x))
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(a) Show that ﬂ = d_y — 2(d_y)
dx?  dx dx
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(b) Hence find 97 in terms of d— L4 and &y
dx? dx’ dx? dx?
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(c) Find the Maclaurin series for y, in ascending powers of x, up to and including the

term in x°
QA3)

SRR E)

ﬂl\atz Ax
443 ~ 413 _ L ) d‘z)
p{x“' B At A:L Aot
2
A%y A’ ~C( ) ) ~ |2 0‘3)(1)
Axs A o T [\ A

C..» 3 — arc'é'ccv\ (S ;mL>c> {_:-eg'éw‘[\:/(

(3 - GLfLéth O
Toe =

Ac L e
—ﬁ' ’+U2. A
Ay

1

, l<o$LW

n

A ) 4+ Stukx

A4 n -
ﬁ - cos = (COS[\,(>

—_— JlL.Lx

-2
cA 1‘3 — l (C,o SL)LB (.S}mLX)
(Coskw}L

)2




W

I

"

")

C@st\nk)l(—Cuer) —_ (— S'w\Lx) 2 (casl-x) crahoe

¢
CbgL x

’ 2
-—'C_asll.t"’( 4+ 2 Sl\—\L. x

3
cosl "

-—cos(t" +2 (C°5'~’1< - (>

Cbsk'bx
Cacl s — 2
COSLzu
3
e L ()
oS h s cssd 3 P K2 s
O
|
O
~ |
O
sf
o A+ Oa;z —_ ’:t? + Omd ~+ ggcr
TR SAE 3
y 3 s




m) |\,./—2I'Z

)

(a) Using the identity zz" = |z[*, or otherwise, show that if w is any root of unity then

w—=2P=5-2(w+w)
3

Figure 1

Figure 1 shows a regular heptagon 4,4,4,4,4A,4,A, whose vertices all lie on the unit

2773774775776 77
circle with centre at the origin O and 4, at (1, 0). The point X lies in the same plane as

the heptagon and has coordinates (2, 0).

Using the result given in part (a),

(b) find i(xAi)2
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Figure 2 s
Figure 2 shows a sketch of the cross-section of a design for a child’s spinning top. The top 3% 53
is formed by rotating the region bounded by the y-axis, the curve C,, the curve C,, the line s S
1 _ ) o o
with equation x = > and the line with equation y = 12, through 360° about the y-axis. &g -
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(a) Show that | ((4k* —=1)y — (32k> - k))dy = 5(8 —k)(4k> = 32k + k - 8) s S
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(b) the value of & that gives the maximum value for the volume of the spinning top, g 5\
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(c) the maximum volume of the spinning top. &éi ;E%
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