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Exercise 1B
1
A For f(x) =coshx,
< f(2x) = cosh 2x, a horizontal
iy = 2cosh x sketch of scale factor 3.
y = cosh 2x For f(x) =coshx,
<«—— ] 2f(x)=2cosh x, a vertical
0 ; stretch of scale factor 2.
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9] y=sinh x
/— y=sechzx
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2 b Thecurves y=SechXx and Yy =sinh X meet when:

sech x = sinh x
2 e-e”

e e 2

2¢*  e”-1
e +1  2¢*
4% = (e2X +1)(e2X —1)
4e* =e™ -1
e —4e*-1=0

Let y=e*:
y>—4y-1=0
447 -1y
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Since y =e**:
e =2+50re>*=2-5

When e =2+4/5

2x:In(2+J§)

X :%In(2+\/§) as required

When e =2-4/5
% <0, which would be impossible so this gives no further solutions.
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3a f(X)er (All real numbers)

Check the graph of each
b f(x)>1 hyperbolic function to see
which y values are possible.

~1<f(x) <1
HOES!

d f(x)=sechx, xeR
1
cosh x

sech x =

When x =0, sechx=%=1

As X — oo, cosh X — o0, so sechX — 0

AS X — —0, cosh X — —0, so sech X — 0
The x-axis is an asymptote to the curve.
Therefore f(X) =sechx, x € R has the range:

0<fx)<1

e f(x)=cosechx, xeR, x=0

cosechx =

sinh x
For positive X, as X — 0, cosechx — o
For negative X, as x — 0, cosechx — —o
As X — oo, sinh X —> o, so cosechx — 0
AS X — —oo, sinh X —> —o0, S0 cosechXx — 0
The x-axis and y-axis are asymptotes to the curve.
Therefore f(X) =cosechx, x € R, X # 0 has the range:

f(x)eR, x=0

f f(x)=cothx, xeR, x=0

cothx =
tanh x

For positive X, as X — 0, cothx — o

For negative x, as X — 0, cothx — —o

AsS X — oo, tanh X — 1, socothx — 1

As X — —oo, tanhX — —1,so cothx — —1

So the y-axis is an asymptote to the curve as are the linesy=-1andy =1
Therefore f(x)=cothx, x e R, x # 0has the range:

f(x)<-lorf(x)>1
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4 a f(x)=1+cothx, xeR, x=0

b The curve has asymptotes at:

cothx =

tanh x

For positive x, as X — 0, cothx — oo, SO 1+ cothx — oo

For negative X, as X — 0, cothx — —oo, SO 1+ cothx — —oo
AsX — oo, tanh X —> 1,socothx — 1,s0 1+ cothx — 2
As X — —oo, tanhX — —1,so cothx — —1,s01 + cothx — 0

N

Solution Bank

The curve has asymptotes at:
x=0,y=0andy=2

y =3tanhx, xe R, x#0
Stanhx — 3sinh x
cosh x

When x =0, 3tanhx=%=0

2 —

When x is large and positive, 3sinh x = gex and cosh x ~ %ex, SO tanh x ~ 3

When x is large and negative, 3sinh x = —gex and cosh x ~ —%ex, SO tanh x ~ —3

As X — oo, 3tanh X — 3
AS X — —oo, 3tanh X — —3

y=-3andy=3

N

=Y
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Challenge

y =sinh x+ cosh x
e —e* e'+e”
= +
2 2

X

=e
4
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