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Question 1  (*%)

A curve is given parametrically by the equations
x=2sinht, y =cosh2t, reR.

Find a Cartesian equation of the curve, in the form y= f(x).

1
=l+-—x
ey

Question 2 (*%)

It is given that
cosechw = 2 .
4

a) Use hyperbolic identities to find the exact values of sinhw and coshw.

b) Hence find the exact value of w, in terms of natural logarithms.

sinhw =

4
3

, coshw=% ,lw=In3

Created by T. Madas



Created by T. Madas
Question 3  (*%)

f(x)=artanhx, xe R, -1<x<I.

a) Show clearly that

f(x)zlln(“—xj xeR, —l1<x<l1.
2 \1-x

b) Without the use of any calculating aid solve the equation
artanhx=1In3,

showing clearly all the relevant steps in the calculation.

Question 4  (**+)

Find, in exact logarithmic form, the positive root of the equation

3tanh29=SSech9+l, deR.

0=1n(3+\/§)
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Question 5 (**+)

Given that x>0 and y >0, solve the simultaneous equations

cosh(4x—3y)=1

1 arsinh%
y=—¢ .
X
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Question 6  (**+)

Consider the following hyperbolic equation, given in terms of a constant & .

2cosh? x=3sinhx+k .
a) Find the range of values of k for which the above equation has no real solutions.

b) Given further that k=1, find in exact logarithmic form, the solutions of the
above equation.

k<

ool

, x=ln(1+\/§), ln(#)
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Question 7  (¥*+)

f(x)=artanhx, xe R, -1<x<I.

a) Show clearly that

f(x)zlln(”—xj xeR, —l<x<l1.
2 \1-x

b) Hence simplify fully

g(x)=Inx
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Question 8  (**+)
Solve the following equation, giving each of the answers in exact simplified form, in

terms of natural logarithms.

3coth? x—8cosechx+1=0.

=in[ J(1++5) ], x=1[ 1 (3+13)]

Question 9 (**+)
Solve the following equation, giving the solutions as exact simplified natural logarithms

2tanh2w=1+sechw, we R.

l:l, w=iln(2+\/§)

NeKEO B ORTITES

bt 1 s Trerviern
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— 0= 2sedfy +sechw — |
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-1
] &&w:<+~
S = (wdwnr)
- (QS]I\W:<1
= W=t oacad2

= w= ilh(ﬂ{?:‘\

— W= (;h@)/
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Question 10  (**+)

y =35arcoshx—12x

V =

The figure above shows the graph of the curve with equation

y=35arcoshx—12x, xe R, x>1.

The curve has a single stationary point with coordinates (%,cln6 —d ) ,where a, b, ¢

and d are positive integers.

Determine the valuesof a, b, ¢ and d .

la=37|, [b=12], [c=35|, |d =37

b 9
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Question 11 (**+)

f(x)=3-coshx, xeR.

a) Sketch the graph of f(x).

The graph must include the coordinates of any points where the graph meets the
coordinate axes.

g(x)=sinhx, xe R.

b) Find the exact coordinates of the point of intersection between the graphs of

f(x) and g(x).
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Question 12 (**+)

d
y+L=seChx ,x>0.

x_
dx cothx

Given that y=0 at x = % , show that the solution of the above differential equation is
_In2x
coshx

proof

Question 13 (**+)

Find in exact logarithmic form the solutions of the following equation.

cosh?2x+sinh?2x=2.

x:i%ln(%ﬁ):i%ln(uﬁ)
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Question 14  (**+)
Find, in exact logarithmic form, the solution of the following equation.

3sinh(2w) = 13-3¢*”, we R.

[ 1 |w=4m3

[ 2shi = -2 wek ]
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Question 15 (**%)
It is given that

l—tanh”?x = sech’x.

a) Use the definitions of hyperbolic functions, in terms of exponentials, to prove the

validity of the above identity.

b) Hence find in exact logarithmic form the solution of the following equation.

5sech2x=ll—13tanhx, xeR.
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Question 16  (**%)

x%=\/y2+l , x>0.
X

Given that y=0 at x=2, show that the solution of the above differential equation is

proof
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Question 17  (**%)

The curves C; and C, have respective equation
y=sinhx and y =§sechx .

a) Sketch in the same diagram the graphs of C; and C,.

The two graphs intersect at the point P .
b) Find the x coordinates of P .

¢) Hence show that the y coordinates of P is.

1(V2-1).

x=%1n(l+\/§)
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Question 18  (**%)

2cosh? x—1=cosh2x.

a) Prove the validity of the above hyperbolic identity by using the definitions of
cosh x and sinh x in terms of exponentials.

b) Hence find

J‘xcoshzx dx.

lx2 +lxsinh 2x—lcosh 2x+C

! 8

Question 19  (¥%*%)
Solve the hyperbolic equation

4+6(62x+1)tanhx =11coshx+11sinhx.
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Question 20  (**%)
Given that

9sinh x—coshx =8

show clearly that

tanh x =£.
29

proof

Question 21 (**%)

cosh? x—sinh?x=1.

a) Prove the validity of the above hyperbolic identity by using the definitions of
coshx and sinh x in terms of exponentials.

b) Hence solve the equation

10cosh? x+6sinh?> x=19

giving the answers as exact natural logarithms.
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Question 22 (**%)
2cosh3xcosh x=cosh4x+cosh2x.

a) Prove the validity of the above hyperbolic identity by using the definitions of
cosh x in terms of exponentials.

a) Hence solve the equation
cosh4x+cosh2x—6coshx=0

giving the answer as an expression involving exact natural logarithms.

x=%

In(3++8)

W=
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Question 23 (*¥%¥)

y=t—(2—sinht)cosht, re R.

Determine the values of ¢ for which 7
t

natural logarithms.

d . o
J =6, giving the answers as exact simplified

[ ] |r=-(1+42) U r=In(2++5)
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Question 24  (**%)
cosh (A— B) = cosh Acosh B—sinh Asinh B .

a) Prove the validity of the above hyperbolic identity by using the definitions of
coshx and sinh x in terms of exponentials.

b) Hence solve the equation
cosh(x—1In3)=sinh x

giving the answer as an exact natural logarithm.
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Question 25  (*¥%)

Find, in exact simplified logarithmic form, the y coordinate of the stationary point of
the curve with equation

y=5-12x+4arcosh(4x).

Detailed workings must be shown.
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Question 26  (**%)

f(x)=7x-6coshx—9sinhx, xe R.

Find the exact coordinates of the stationary points of f(x), and determine their nature.

Give the coordinates in terms of simplified natural logarithms.
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Show with detailed workings that

%[arctan (sinh x):I = %I:arcsin (tanh x):l
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Question 28  (**%)
a) Given that arsinh 7 = k arsinh1 determine the value of & .
b) Solve the following simultaneous equations.

sinhx—3cothy =1
3sinh x —coth y =19

Give the answers in simplified logarithmic form.

k=3

9

|l v]=] 3 (1++2), 3]

0)  UANG e EARITHUAC ToelS
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Question 29  (**%)
Solve the following equation, giving the answers as exact logarithms where appropriate.
cosh?—1 =%sinht.

t=0, t=2In3
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Question 30  (**%)
f(x)=sinh xcosx+sinxcoshx, xe R.
a) Find a simplified expression for f’(x).

b) Use the answer to part (a) to find

2
—dx.
jtanhx+tanx

[ 1.]f(x)=2coshxcos x|, |Insinh xcos x+sin xcosh x|+ C
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Question 31  (**%)

It is given that for all real x

cosh2x = 1+2sinh” x.

a) Prove the validity of the above hyperbolic identity, b
hyperbolic functions in terms of exponentials.

b) Hence solve the equation

cosh2x =3sinh x,

y using the definitions of the

giving the final answers as exact simplified natural logarithms.
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Question 32 (**%)

It is given that for all real x

cosh2x = 2cosh?x —1.

a) Prove the validity of the above hyperbolic identity, by using the definitions of the
hyperbolic functions in terms of exponentials.

b) Hence solve the equation
S5coshx—cosh2x=3,

giving the final answers as exact simplified natural logarithms.
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Question 33 (**%4)

It is given that for all real x
cosh3x = 4cosh® x —3cosh x.

a) Prove the validity of the above hyperbolic identity, by using the definitions of the
hyperbolic functions in terms of exponentials.

b) Hence solve the equation
cosh3x—3cosh? x = 14,

giving the final answers as exact simplified natural logarithms.
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Question 34  (¥**+)

A curve C has equation

y=12coshx—8sinhx—x, xe R.
Show that the sum of the coordinates of the turning point of C is 9.

proof
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Question 35  (**%4)
y=artanhx, —-1<x<1

a) By using the definitions of hyperbolic functions in terms of exponentials prove
that

artanh x = %ln (l-l—_xj .

1-x
b) Hence solve the equation

x=tanh(ln\/a).
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Question 36  (***+)

sinh x
x)=—, xe R, x#0.
coshx—1

a) Find a simplified expression for f”(x).

b) Sketch the graph of f(x).
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Question 37  (**%4)

y=arsinhx, xe R.

a) Show that
arsinh x = ln[x+\/x2 +1} .

b) Solve the equation

arsinh% +arsinh x = arsinh% .
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Question 38  (***4)

cosh3x = 4cosh® x—3cosh x.

a) Prove the validity of the above hyperbolic identity by using the definition of
cosh x in terms of exponential functions.

b) Hence find in exact logarithmic form the solutions of the equation

cosh3x=17coshx.

x:iln(2+x/§):$ln(—2+x/§)
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Question 39  (**%4)

The curve C has equation

y="T7sinhx—sinh2x, xe R.

Find in terms of natural logarithms and/or surds the exact coordinates of the stationary
points of C.

+(In(2++3).3V3)
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Question 40  (***+)

The curves C; and C, have respective equations
y=18coshx, xe R and y=12+14sinhx, xe R.
a) Find the exact coordinates of the points of intersection between C; and C,.
b) Sketch in the same diagram the graph of C; and the graph of C,.
¢) Show that the finite region bounded by the graphs of C; and C, has an area of

aln2+5b,

where a and b are integers to be found.

(1n2 ﬁ) & (1n4,153), 12In2-8
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Question 41  (**%4)

It is given that

cosh(A+ B) = cosh Acosh B+sinh Asinh B.

a) Prove the validity of the above hyperbolic identity by using the definitions of the
hyperbolic functions in terms of exponential functions.

It is now given that

5cosh x+4sinh x = Rcosh (x+a),

where R and ¢ are positive constants.

b) Determine, in terms of natural logarithms where appropriate, the exact values of
R and .

¢) Hence state the coordinates of the minimum point on the graph of

y =5cosh x+4sinh x .

IR=3|, @ =In3

9

, |(=1n3,3)
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Question 42 (**%4)

Given that
) 4
sinh x = tant, O<t<5,

show clearly that

tanh x =sint.

proof
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Question 43  (***+)

f(x)=artanhx , xe R, x|<1

a) Use the definition of the hyperbolic tangent to prove that

1-x

f(x)s%ln[”—x]

b) Use a method involving complex numbers and the trigonometric identity

1+tan2xEsec2x,

to obtain the hyperbolic equivalent
1—tanh? x = sech” x.
¢) Hence solve the equation
6sech? x —tanh x = 4,

giving the two solutions in the form +Llnk , where k are two distinct integers.

l:l, x=%ln3 , x:—%lnS
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Question 44

b) Obtain a simplified expression for I

Created by T. Madas

a) Sketch a detailed graph of the curve with equation

y =artanh x,

defined in the largest real domain.

2 in terms of x only.

X

¢) Use integration and the answer of part (b) to show that

artanhleln 1+_x .
2 1—x

No credit will be given for any alternative methods used in part (c).
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Question 45  (***+4)

a) Starting from the definitions of cosh x and sinh x, in terms of exponentials,
show that

cos(ip)=cosh(¢) and sin(i@)=isinh(@).

b) Use the results of part (a) to deduce
sech? o+ tanh? p=1.

¢) Hence find, in exact logarithmic form, the solutions of the following equation.

10sech y =5+3tanh? y.
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Question 46  (***4)

f(w)=5sinhw+7coshw, we R

a) Express f(w) in the form Rcosh(w+a), where R and a are exact constants
with R>0.

b) Use the result of part (a) to find, in exact logarithmic form, the solutions of the

following equation.

S5sinhw+7coshw=5.

I:l, R=\/ﬁ=2\/€ , a=%ln6=ln\/g ,

-l e (35)

0) Poed As Rums = W=
) S o (52)

Ssuhw + T = Reoh(uia) =17
= Deothwadia + Rawhwsmha - ws < i@ [ =
= (Russha)ahw + (Rswha)sumhw ~n@ s b (ST e
(OMPAUNG- SIS WE_OBTRIN U [”(%T* Vr;)
= V- u
Dieha =7 } = thﬂzq -4 E=> ik -cwlie) = 20 —he (3 3F)
Ruha =S e = 25 N =
= R*=af - W <<\mﬁ1. @, £)
= pei2@ ~hi@ ()
AND BY DINBING. T GpoTions 4gode N W7 ($7)
- W=
Zoha s L..s TN ()
Ragha ~ 7 C o
a el - W < &«\T‘: In (3720]
b (4)

= a-= gn(g%): b (Z5)- bhe
-h3

- a4 bf@
- ws J
~ g = -hz Vi
7

S Ssihw v Teshw = 208 ey (W ¢ i@

b) N sune e quaa) s e Xsor o e ()
= Sanhy + Tt = S
=>'Z(/7<osh(~v+lw@\1 =S
= @) =55 < 5K
= Vi@ = & o (5E)
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Question 47  (¥*%4)

By using suitable hyperbolic identities, or otherwise, show that

%[cosh 4dx+2cosh2x+ 1] = cosh2xcosh? x .

proof

Question 48  (¥*%%¥)

a) By expressing cosh x and sinh x in terms of exponentials, show that
cosh? x—sinh? x =1.
b) Simplify (coshx+sinh )c)3 , writing the final answer as a single exponential.

¢) Hence express sinh3x in terms of sinh x

(cosh x+sinhx)’ =e>*|, |sinh3x = 3sinh x +4sinh” x
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Question 49  (¥¥¥¥)

The curve C has equation

y=cosh(2arsinhx), xe R.

a) Find an expression for ﬂ

dx

b) Show clearly that

—5 = 4 2cosh(2aursinhx)—iisinh(Zaursinhx)
dx 1+ x (1+x2)2

c¢) Hence show further that

X dx

for some value of the constant % .

dy 2 sinh (2arsinh x)
dx \/1+x2
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Question 50  (¥¥¥¥)

A function is defined in terms of exponentials by

a) Sketch the graph of f(x).
b) Show clearly that

f7(x)= sechx(tanh2 x—sech? x) :

It is given that the graph of f(x) has two points of inflection.

¢) Show further that the coordinates of these points are

(tm(uﬁ),%)

proof

@ I =
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Question 51  (¥¥%%)

It is given that

cosh(A+ B) = cosh Acosh B+sinh Asinh B.

a) Prove the validity of the above hyperbolic identity by using the definitions of the
hyperbolic functions in terms of exponential functions.

It is now given that

cosh(x+1)=coshx,

b) Show clearly that ...

. e
i. ...tanhx=——-.
1+e

ii. mxz—%.

proof
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Question 52 (¥¥¥¥)

Given that y = arctan (3e2x) , show clearly that

@ B 3
dx Scosh2x+4sinh2x

Question 53  (¥¥¥¥)

Find in exact simplified form the value of sinh(2arsinh3).

6310
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Question 54  (¥¥¥¥)

cosh2x =2cosh? x—1

a) Prove the validity of the above identity by using the definitions of coshx and
sinh x, in terms of exponentials.

The curve C has equation
y=coshx—-1, xe R.
b) Sketch the graph of C.

The region bounded by C , the x axis and the line with equation x =1In9 is rotated
through 27 radians about the x axis to form a volume of revolution S .

c¢) Show that the volume S is
.4 (3ln 3 +@j .
81

proof

&
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Question 55 (FHEE)

y =tanh x

The figure above shows the graphs of y =tanhx and y =sechx, in the first quadrant.

Show that the area shown shaded in the figure for whichx >0 is exactly %[ﬂ'+ In4].

, |proof

STAQT By ANOING THE (NHQIECTIOD of T Tao GRASHS NS THE Al RO 3= orevhl ©
Jodn< sedn = s L @ =
TS e Tk A ok o [ Loa
N = ) wa
[ Cuanlonetd ars orso
=) x=armh (P e [
\ Sl Ee ) e
= == WOnR!) sz sl

RIST G0 THE AL fioM a=0 T = arswhl B INSReon 08 USING THe SURSTUTIon) 4= sy,
— e DT T U s

okl _ ) T e
R T A e b Lowbmleobed [

= la(tosh (orsah1)) = I (1oho)

MU SR L Ry
—_
= & — Wt

\n 13

- = lagimmmm]mw]
\;”QNQQA’\Z - = l&m [“"&m(sw\ak\ - ummlj
§ st - {
3 e = ba Lol | - F
,; Vsl 2 3
PR | Mo A E e ) sk oS ST
¢ whk=v@ ¢ T T
¢ ablash)- &7 T
3 -

Hpoc e eviero A = Ll T < Lo

= () / .
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Question 56  (**¥¥)

The figure above shows the graph of y =arsechx, 0 <x<1.

a) Show clearly that

arsechx =In [
X

1+m}

b) Show further that

d
£ hx)=—
dx(arsec x)

proof

) s
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Question 57  (¥¥¥¥)

The figure above shows the graph of the curve with equation

y=3sinhx—2coshx, xe R.

The finite region bounded by the curve and the coordinate axes, shown shaded in the
figure above, is revolved by 27z about the x axis to form a solid S .

Show that the volume of S is
17z(12-515).

proof
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Question 58  (¥**¥)

a) Sketch the graph of y =arsech x, defined for 0 < x<1.

b) Show clearly that

¢) Hence evaluate

arsech x dx.

1
2

Give the answer in the form /1[27[ —3In (2+ \/g )} , where A1is a rational number

to be found.

STAUING. W e Guaey of g=Seda , e 1 =2

7# !
= -
(o) Ve

o WG T Lwkese o
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Question 59  (¥*¥¥)

It is given that for all real x

8sinh? x = cosh4x —4cosh2x+3.

a) Prove the above hyperbolic identity, by using the definitions of the hyperbolic
functions in terms of exponentials.

b) Hence, or otherwise, show that x ==*In (1+ \/5 ) are the solutions of the equation

2cosh4x—15cosh2x+11=0.

proof
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Question 60  (¥*%%¥)

A curve C has equation

y=cosh2x+sinhx, xe R.

a) Show that the x coordinate of the turning point of C is

4
b) Using the definitions of cosh x and sinh x, in terms of exponentials, prove that

cosh2x=1+2sinh? x.
¢) Hence show that the y coordinate of the turning point of C is 7 .

d) Determine the nature of the turning point.
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Question 61  (¥¥%%)

It is given that

Acosh x+ Bsinhx = Rcosh(x+ ),

where the A, B, R and « are constants with A>B>0, R>0.

a) Show clearly that ...

. 1 (A+Bj
i. ...aa=—In .
2 A—B

ii. ... R=VA*-B*.
b) Use the above result to determine the exact solution of the equation

Scoshx+3sinhx=4.

x=—In2

Created by T. Madas



Question 62

Created by T. Madas

(****)

f(x)=cosh2x—8coshx, xe R.

a) Determine, in exact logarithmic form, the solutions of the equation

b) If k is a real constant, determine the value, values or range of values of &, so
that the equation f(x)=k has...

. one repeated real root.
. more than one repeated real root.
. two distinct real roots.
. four distinct real roots.

. no real roots.

[ 1. |x=2m(4++15)

q\ NG o= sl |

)

s —Beothq =— 1
odfa -1 —Beshy 4120
5 edh - Bedn =o

2 Ctoha~ ) =0

J

)

J

= =y C adinso)
e oot

q
= = L (taVTE)

_
b et o st g o semowse ot

46 s oo | THIOAR PoNT o g AXIC

) e & a—sie
DIFFUEIAEE. Mlp 6T o 2€00

o= 2o - Bauln
Q) = dsdncdn ~Baua
£y = dsun (todn—2)

0 = dsly (edo-2)

esih=o o loha = 2
x=o A= = atadhz.
@= (2407

M 4= 2eoshh — Bty — |
@ F axo, ys2-%- O F otz 2 Y= B-l6
z (o) 2 (Euea) 1)

4_seete} 1€ Now Fesugie

TTHS we Now Heve

© ol RPeyTd AL BOOTS =9 k= -7
© MRS T O QSPEATD R el
@ TWo DITINDF BAAL RO =3
@ Fo2 DISTNG RIAL QeoTs

oo B WOTS = ko g
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Question 63  (¥*¥¥)

Show that
(v5-2)in(v5-2)+(V5+2)mn(V5+2).
can be written in the form a arsinhb, where a and b are positive integers to be found.

[ 1. |4arsinh(2)

MANIPULATE THE SuenS AS Suowg

Question 64  (¥*¥**4)

Show clearly that

d cosx+1 1
—| artanh| ——— | |=——tan x.
dx cosx—1 2

proof
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Question 65  (¥¥¥%¥)

S5coshx+3sinhx=12

Express the left side of the above equation in the form Rcosh(x+¢«), where R and &
are positive constants, and use it to show that

len(Ai\/E),

where A and B are constants to be found.

|:|, len(%i\/z)

® ST BY ASING THe " on

£ 1D6ITS ) HRERIC

TR sz = 2 hlywem]
o 4 Rsmh ambec

() eoshy +(Rauhe)snha
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Question 66  (*¥¥*4)

The curve C has equation

y =acosh x—sinh x, where a > 1.

Show that C has a minimum turning point with coordinates
Lin(atl) /2
(2ln(a_1), a +1).

proof
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Question 67  (****4)

f(x) =arsinhx+arsinh(lj, xeR, x#0.
X

x|

x2\/x2 +1 '

a) Show clearly that f'(x)=

The graph of f(x), for x>0 is shown in the figure below.

A

b) Determine, in terms of natural logarithms where appropriate, the coordinates of
the stationary point of f (x), labelled as point A in the figure.

¢) Sketch the graph of f(x), fully justifying its shape for x <0, and state its range.

Al12m(1442) . |£(x) 2210 (142) U £ (x) € -21n(1++2)
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Question 68  (***%*4)

The curve C has equation

y =sinh2x—14sinh x+8x.

Find the exact coordinates of the turning points of C and determine their nature.

[2ln(1+\/§),—16x/§+16ln(1+x/§)} , [—21n(1+\/§),16\/§—16ln(1+\/§)}

Question 69  (F***4)

Find, in exact surd form the solution of the equation

arsinh x—arcoshx=1n2.

=
I

o
=
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Question 70  (F***4)
1 X, =X : 1 X _ =X
costh—(e +e ) and smth—(e —e )
2 2

a) Use the above definitions to show that ...
i. ... cosh?’x—sinh’>x=1.
ii. ... 4cosh® x—3coshx=cosh3x.
b) Hence show that the real root of the equation
12y —9y-5=0,

can be written as

(V81+35).

1
6

proof
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Question 71  (***%*4)

Show clearly that

—In(1—tanhx) = x+In(cosh x).

proof

Question 72 (**¥*4)

A curve C has equation

y=3sinhx—2coshx, xe R.

Sketch the graph of C.

The sketch must include ...
... the coordinates of any points where the graph of C meets the coordinates axes.
... the coordinates of any stationary or non stationary turning points.

... the behaviour of the curve for large positive and large negative values of x

graph
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Question 73  (****4)

~
r
=

1
x=t+—, y=t—— , t>0.
4t 4¢
The curve crosses the x axis at P.

a) Determine the coordinates of P .

b) By considering x+y and x—y find a Cartesian equation for C.

The region R bounded by C, the straight line with equation x = 3 and the x axis is

shown shaded in the figure.

¢) Show that the area of R is given by

s
j3\1x2—1 dx.
1

d) Hence calculate an exact value for the area of R.

P(1,0)|, xr—y? =1, Areaz%—

@ ',,,,, ® wssool o

) ot & ey

(GER RGN
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Question 74  (****4)

The function f is defined
f(t)=In(1+sinz), sins#==+1
a) Show clearly that ...
i ... f(r)=f(-t)=2In(sect+tanr).
ii. ... 2In(secr+tanz)=-2In(secs—tant)
A curve C is given parametrically by
x=f(0)+f (=), y=rf()=f(=).

b) Show further that ...

i. ... sect=cosh®
2
ii. ... a Cartesian equation of C can be written as

Lx

cosh% =e 2

proof
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Question 75  (****4)

The function f is given by
f(x) Eezx+2(ezx—4), xeR.

Show that

f[ln(zcosh%ﬂ - (e2—1)2.

, |proof

e ER(E ) aen

1€ s nbodhd)

&, ez\n@&t\, o Gy | (e ¥y
S o & (dey) < A3y
a1 Hove

j‘(\hkzas‘n‘z\) = Al (L)
= lgtllf/ax‘ﬁzJi (4@142 >\)

1oty (aniy)

4 (dsdebioddt)

= de (29w VY Gohoam moet

A2 (om(amh)) ”

‘) ook =

0o

"

= A sl

(733\%\)1

[,{e,;(gug\ 1

u

e
~<c—\)/
=
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Question 76

(kg

Created by T. Madas

It is given that for suitable values of x

y= ln[tan(

Show, with detailed workings, that

1

4

T+

Ly

2

sinh y =tan x,

)]

and hence deduce a simplified expression for e¢” in terms of x.

Created by T. Madas

1.

e’ =tanx + secx
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Question 77  (****4)

5tanh2x—m=5tanhx—3.

tanh x

Find, as an exact natural logarithm, the real solution of the above equation.

| ,x=Mﬂ
USING CBou's 2k FreT
L = b 2kha
= =
[ B 1+ i

T WE Now R
—> _ 3bdoa
Sbobm - 2B b,y

- ) - o () b

=3

S T

SR T T T by =T
— T -6 = (sr-3)(1+73)

— T-¢ = 5T+sTP-3 -312

— 0= ST 3TL ST+ 3

FACRIZE IN DS BY INSCTIon)
—_—
= O T(sr-3) — (s7-3)
= (sT-3)(-)=0

= (5T-3)(r-1) (Tr) =0
I

= T = b - e~
\1\ < by <1
N
— b2
= - oL 1 [1%) 543
= 2:abuhd = 2\h(m) = %IHC.;): Ll = \nz/
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Question 78
Sketch the graph of

(*****)

x+\]x2+4 y+\/y2+1 =2, xe(—OO,

Created by T. Madas

You must show a detailed method in this question

22), y€ (—oo,00)

, |proof
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Question 79  (Gk¥FEF)

Created by T. Madas

Determine, as exact simplified natural logarithms, the solutions of the following

simultaneous equations

cosh x+cosh y=4

G

and

sinhx+sinhy=2.

[x,y]z[ln(3—\/€),ln(3+x/g):

=[1n(3+6).1n(3-6)

= (e% 3.6 =o
- (S-3 =5
s Y
= o 3

EBWW—EWE—
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Question 80  (GkFFF)

If 0<k<+2-1 prove that

1=k 1=k
Ik Inx d I+k artanh x d
x = — dx.
k x* -1 X X

You need not evaluate these integrals

, |proof
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Question 81  (¥¥¥¥¥)

Determine the general solution of the following equation.

l .
sinh(x+iy)=e3", xeR, yeR.

N6 +2 Ziokrl ke

[ 1 |(xy)=|m

MAWIROLATE = Ay
= = esh2y —
. L A 2 = 13 sl i
= sithxoshiy + whosuhiy = @ FionF =l = Vi awha
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Question 82  (Fk¥¥F¥)

x=4arcosh(%\/;)+\/y2—4y , y=24.

Use differentiation to show that

, |proof
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Question 83  (F¥¥¥*¥)

Use inverse hyperbolic functions to show that

i[ln(cosx+sinx+\/sin2xﬂ = \/%cotx — \/%tanx.

dx

, |proof
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Question 84  (Fk¥¥*F)

Show, with detailed workings, that

sinh2x=2 = cosh® x—sinh® x=4

MM A Fougus

sk - sulfx = (0

= (- st (o o lradis +aulte)
A -8 AT v AR + R2
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Question 85

(*****)
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7(9)=

Determine the value of f’(In2).
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Question 86  (F¥¥¥*¥)

Created by T. Madas

NN ~
” X

x=1n(1+\/§)

The figure above shows the curve C whose parametric equations are

x =artanh (sinz),

y =sect tanft, )

1

—l7Z'<t<—7Z'.

2

Find the area of the finite region bounded by the x axis, the curve and the straight line

with equation x =In (1 +2 ) .

area =

=
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Question 87  (F¥¥¥¥¥)
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The figure above shows the curve C whose parametric equations are

x:artanh(sinzt), y=sint, ——7£<t<lﬂ'.

1
2

2

a) Use integration in Cartesian coordinates to find the exact area of the finite region

bounded by the curve and the straight line with equation x = Lin3.

2

b) Use integration in parametric to verify the validity of the result of part (a).

|:|, area = 21n(1+\/§)—2arctan(%)
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Question 88  (F**FF)

Given that p and g are positive, show that the natural logarithm of their arithmetic
mean exceeds the arithmetic mean of their natural logarithms by

(o)

’ \/;_\/g 4r-2
2r=1{\p++q

r=l1

You may find the series expansion of artanh (xz) useful in this question.

, |proof
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