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STEP 3 Hyperbolic Functions Questions

1 2004 S3 Q1
Show that
a sinh z 1 V2cosha — 1 1 V2+1
———dz = In + In
o 2cosh“x —1 22 V2cosha + 1 2V/2 V2-1

/“ cosh x
7‘2dx-
o 1+ 2sinh*z

and find

Hence show that

/OO cosha;—sinhacd T 1 V241
xr = — n .
o 1+2sinh?z 2v/2 22 V2 -1

By substituting v = e* in this result, or otherwise, find

o0 1
—du.
/1 14+ wut Y

You might like to look at 2014 STEP 3 Question 2, which is similar to this one.

2 2011 S3 Q6
The definite integrals T', U, V and X are defined by

T:/é artanhtdt, U— In3 .u

1 t mo 2sinhu
1 1
3] 5In3

V= —/2 nY dv, X:/2 In(cothx) dx .
1102 12

Show, without evaluating any of them, that 7', U, V and X are all equal.
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Let y = In(22—1), where x > 1, and let r and 6 be functions of 2 determined by r = V22 — 1
and cothf = z. Show that

diy _ 2coshd and @ _ _2008h29
de  r da? rz
d3y
and find an expression in terms of r and 6 for 13

n
Find, with proof, a similar formula for d—z in terms of r and 6.
x

2005 S3 Q6
In this question, you may use without proof the results

4cosh®y — 3coshy = cosh(3y) and arcoshy = In(y + /%2 — 1).

[ Note: arcoshy is another notation for cosh™ y]
Show that the equation 23 — 3a?z = 2a3 cosh T is satisfied by 2a cosh (%T) and hence that, if
b
c? > b3 > 0, one of the roots of the equation 23 —3bx = 2cis u+—, where u = (c+v/c? — b3)% .
u
Show that the other two roots of the equation 2% — 3bx = 2¢ are the roots of the quadratic
equation
2 b 2, b
s (u+—>x+u +—5-b=0,
u u
and find these roots in terms of u, b and w, where w = (=1 +iv/3).

Solve completely the equation 23 — 62 = 6.
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