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January 2006

7 {a) Use the definitions

sinh @ = %(eg —e 3} and coshd = %(es +e S)

to show that:
() 2sinhfcoshf = sinh24; (2 marks)
(i) cosh® @ + sinh?® § = cosh26. (3 marks)

(b) A curve is given parametrically by
x = cosh’ 8, y= sinh’ 6

() Show that

2 2
(%) + (g—;) - %sinhz 26 cosh 26 (6 marks)

June 2006

3 The curve C has equation
y =coshx — 3sinhx
() (i) The line y= —1 meets C at the point (k, —1}.
Show that
eF_ef—2=0 (3 marks)
(i) Hence find £, giving your answer in the form Ina. (4 marks)

(b) (1) Find the x-coordinate of the point where the curve C intersects the x-axis, giving
your answer in the form plna. (4 marks)
(i) Show that C has no stationary points. (3 marks)

2
(iii) Show that there is exactly one point on C for which % =0. (1 mark)




January 2007

1 (a) Given that

4cosh2x:7sinhx+l

find the two possible values of sinhx. (4 marks)
(b) Hence obtain the two possible values of x, giving your answers in the form Inp.
(3 marks)
4 (a) Given that y = secht, show that:
. dy
(1) P —sech ¢ tanh+; (3 marks)
. dy\? 2 4
(ii) i sech” ¢ —sech” . (2 marks)

June 2007

7 A curve has equation y =4.,/x.

(a) Show that the length of arc s of the curve between the points where x =0 and x =1 is
given by

1
S—J x+4dx (4 marks)
0 X

(b) (i) Use the substitution x = 4 sinh? 6 to show that

J‘ x+4

dx = JS cosh” & dg (5 marks)
X

(ii) Hence show that

s=4sinh10.5+5 (6 marks)




January 2008

7 (a) Given that p=1In tanh;—c , where x>0, show that

Q = cosech x (6 marks)
dx

(b) A curve has equation y =In tanh;—c, where x> 0. The length of the arc of the curve
between the points where x = 1 and x = 2 is denoted by s.

(i) Show that

2
5= J cothxdx (2 marks)
1
(ii) Hence show that s = In(2cosh1). (4 marks)
June 2008
1 (a) Express
Ssinhx 4+ cosh x
in the form Ae* + Be *, where 4 and B are integers. (2 marks)

{b) Solve the equation
Ssinhx + coshx+5=20

giving your answer in the form Inea, where & is a rational number. (4 marks)

5 (a) Use the definition coshx = %(e)C +e ¥} to show that cosh2x = 2cosh®x — 1.
(2 marks)




January 2009

(b)

1 (a) Use the definitions sinhf = %(69 —e %) and coshfl = %(69 +e7 %) to show that

1 + 2 sinh” 8 = cosh 26 (3 marks)

Solve the equation

3cosh2@ = 2sinh i 4 11

giving each of your answers in the form Inp. (6 marks)
2 (a) Indicate on an Argand diagram the region for which |z —4i| < 2. (4 marks)
(b) The complex number z satisfies |z —4i| < 2. Find the range of possible values of
argz. (4 marks)
. a du .
5 (a) Given that u = cosh” x, show that = = sinh 2x . (2 marks)
X
(b) Hence show that
1 .
nh 2
J 517364 dx = tan ' (cosh? 1} — T (5 marks)
01+ cosh™x 4
7 (a) Show that
d 1 1) —1
—f{cosh - ) =——— (3 marks)
dx ( X xV1—x?
(b) A curve has equation

1
y=+1—x2—cosh™1- (0<x<1)
x
Show that:

6 % = - = (4 marks)




June 2009

4 (a) Sketch the graph of y = tanhx. 2 marks)
{b) Given that u = tanhx, use the definitions of sinhx and coshx in terms of e ande *
to show that
1 1+u
x=z:n (6 marks)
2 11—

{c) (i) Show that the equation
3sech? x 4 7tanhx = 5
can be written as
3tanh®x — 7tanhx + 2 =0 (2 marks)
(i1) Show that the equation
3tanh® x — 7tanhx +2 =0

has only one solution for x.

Find this solution in the form %]na , Where ¢ is an integer. (5 marks)

January 2010

1 (a) Use the definitions coshx = %[ex +e *) and sinhx = %(ex —e ¥) to show that

cosh? x — sinh®x =1 (3 marks)
(b) (1) Express
5cosh® x + 3sinh? x
in terms of coshx. (1 mark)
(i1) Sketch the curve y = coshx. ({ mark)

(i11) Hence solve the equation

5cost? x + 3sinh®x = 9.5

giving your answers in logarithmic form. (4 marks)




4 A curve C is given parametrically by the equations

1
X =

cosh2f, y = 2sinh¢

() (@)

b

{a) Express

in terms of coshz. (6 marks)
June 2010
1 (a) Show that
9sinhx — coshx = 4e* — 5¢™* (2 marks)
{b) Given that
9sinhx — coshx = 8
find the exact value of tanhx. (7 marks)
5 (a) Using the identities
inh ¢
cosh?® ¢ — sinh® ¢ = 1 , tanht = i and sechr=
cosh ¢ cosht
show that:
(i) tanh®¢+sech?sr=1; (2 marks)
Lood 2
(i) &(tanh 1) = sech” ¢; (3 marks}
od
(iii) ” (secht) = —sechttanh¢. (3 marks}




January 2011

4 (a) Prove that the curve
¥ =12coshx — 8sinhx — x
has exactly one stationary point. (7 marks)
(b) Given that the coordinates of this stationary point are (a, b), show that a+ b =9.
(4 marks)
6 (a) Given that
x = In(sect + tant) — sin¢
show that
dx ) .
— = smfttant (4 marks)
dt
June 2011
2 (a) Use the definitions of cosh # and sinh# in terms of e” to show that
cosh x coshy — sinhxsinhy = cosh(x — y) (4 marks)
(b) It is given that x satisfies the equation
cosh(x — In2) = sinhx
(i) Show that tanhx = % (4 marks)
(i) Express x in the form ]Ehm, (2 marks)




January 2012

1 (a) Show, by means of a sketch, that the curves with equations
vy = sinhx
and v = sechx
have exactly one point of intersection. (4 marks)
(b) Find the x-coordinate of this point of intersection, giving your answer in the
form alnb. (4 marks)
3 A curve has cartesian equation
y= %ln(tanh x)
(a) Show that
dy 1 .
— = 4 marks
dx  sinh2x ( /
June 2012
1 (a) Sketch the curve y = coshx. (1 mark)
(b) Solve the equation
6cosh’x — 7 coshx — 5= 0
giving your answers in logarithmic form. (6 marks)
6 (a) Show that
1 ’ . .
2 (cosh4x + 2 cosh2x + 1) = cosh” x cosh2x (3 marks)
(b) Show that, if y = cosh’ x, then
pl
dy\~ . .
1+ (—) — cosh?® 2x (3 marks)
dx




January 2013
1 (a) Show that
12coshx — 4sinhx = 4e* + 8¢ (2 marks)
(b) Solve the equation
12 coshx — 4sinh x = 33
giving your answers in the form kln2. (5 marks)
Y eV
5 (a) Using the definition tanhy = — —;» show that, for x| <1,
er + e
11 (1hx . _
tanh " x =3In —x (3 marks)
. -1 1 . .
(b) Hence, or otherwise, show that I(Ianh x) = 1 5 - (3 marks)
X - x-
(c) Use integration by parts to show that
{5 3”?
[ 4tanh~ ' xdx = ln(—)
an
Jo Z
(5 marks)

where m and n are positive integers.




June 2013

(ii)

Hence show that
1
[ V1 +4u? du =p\/7+qsinh_] 2
JO

where p and ¢ are rational numbers.

2 (a) (i) Sketch on the axes below the graphs of y = sinhx and y = coshx. (3 marks)
(ii) Use your graphs to explain why the equation
(k + sinhx)coshx =0
where & 1s a constant, has exactly one solution. (1 mark)
(b) A curve C has equation y = 6sinhx + cosh?x. Show that C has only one stationary
point and show that its y-coordinate is an integer. (5 marks)
?ﬁl Answer space for question 2
a)(i) Va y = sinhx Va y = coshx
9] x 0 x
e’ . .
6 (a) Show that — — = 5—, where m 1s an integer. (3 marks)
Scoshx —3sinhx m+ e~
(b) Use the substitution ¥ = e* to show that
In2
1 n 1 /1 . .
dv = = — St 3 5 mark
L Scoshx — 3smhx 8 2 (2) (> marks;
7 (a) (i) Show that
d -
— (Zuv 1 + 4u? + sinh ™! 21.*) =kvV1+ 4
u
where & is an integer. (4 marks)

(2 marks)




