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Question 1  (*¥)
A curve is given parametrically by the equations

x = 2sinht, y=cosift, ti

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

1
=1+
Y 4

Question 2 (**)
It is given that

cosecthw = § )
4

a) Use hyperbolic identities to find the exact valoésinhw and coshw.

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

sinhw =

Wl

: coshw=%, w=In3
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Question 3 (*¥)
f(x)=artanhx, xI , -1< x<1.
a) Show clearly that

f(x)=llnuxT - 1< x< 1.
2 1- X

b) Without the use of any calculating aid solve theatipn
artanhx = Ing

showing clearly all the relevant steps in the dalon.

X
"
ol

Question 4 (**+)

Find, in exact logarithmic form, the positive raftthe equation

3tantfg = 5sechy+ , gl

q:In(3+\/§)
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Question 5  (**+)

Given thatx>0 and y >0, solve the simultaneous equations
cosh &- )= :

y= learsinh% .
X

y | X
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Question 6 (**+)
Consider the following hyperbolic equation, givertéerms of a constari.

2costf x = 3sinh+ k.
a) Find the range of values &f for which the above equation has no real solutions

b) Given further thatk =1, find in exact logarithmic form, the solutions tfe
above equation.

k<gl |x=m(1+v2),m

7

ool
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Question 7 (**+)
f(x)=artanhx, xI , -1<x<1.

a) Show clearly that

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

terms of natural logarithms.

3coth? x- 8coseck+ =

x=1In %(1+\/§) , X=In —%(3+\/T3)

Question 9  (**+)
Solve the following equation, giving the solutiassexact simplified natural logarithms.

2tanifw= ¥ sechv, wi

[ 1 |ws= iln(z +\/§)

NeKEO B ORTITES

= 2baufa = | 4 sehw t‘}e ?e =
= 20 = tesed $ :iwwli}e
— 2~ 2w = sy Ll cediy = kb

— 0= 2sedfy + sechw — |

— (2sahw — 1)(sedw + 1)

= &d«w:<:
- CUSLW:<>1< - (wdwsi)

= W=t aredi2

= W= ilw(ﬂJ?:‘\

= \(:i\».(;h@)/ ey gy
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Question 10  (**+)

y =3barcoshx- 1%

YV X

The figure above shows the graph of the curve wjthagon

y=35arcosh- 1%, xI , x3 1.

The curve has a single stationary point with cocmﬁs(%,cln 6- d) , Wherea, b, ¢

andd are positive integers.

Determine the values &f, b, ¢ andd .

la=37|, [p=12], [c=35], |d =37
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Question 11 (**+)
f (x) =3- coshx, xI

a) Sketch the graph of (x).

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

g(x) =sinhx, xi

b) Find the exact coordinates of the point of intetiseacbetween the graphs of
f (x) andg(X).

® o &6 ’
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Question 12 (**+)

xﬂ+i:sechx , Xx>0.
dx cothx

Given thaty =0 at x :% , show that the solution of the above differentigiiation is

_ In2x
coshx

proof

Question 13 (**+)
Find in exact logarithmic form the solutions of fledowing equation.

cosif X+ sinf 2= |

X= J_r%fln(Z +\/§) - i—%ln(lh/_?a)
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Question 14  (**+)
Find, in exact logarithmic form, the solution oétfollowing equation.

3sinh( 2v) = 13 38", wi

]:l, W:%InB

Lashiad = 63 wek ]

Pever D QPOROITIALS
- ak(PL ) = g oad
= (V)= %~ 6

= 3 3™ - 26 — e

=9 % S ip

s o e

=5 6{{”+ 1) 3) =0
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Question 15 (***)
Itis given that

1- tanifx ©  sechx.

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

validity of the above identity.

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

5secf x= 11 13tank, x|

QS w o
o) | gl S
e i
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| o
= hbha= </;\

(30 = £hg2) - 4

= xs S

-z lm_/-
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Question 16 (***)

xﬂ:\/yzﬂ , X>0.

dx

Given thaty =0 at x=2, show that the solution of the above differentigiiation is

x|~

<
"
S x

proof
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Question 17 (***)

The curvesC; andC, have respective equation

y=sinhx and y :%sechx.

a) Sketch in the same diagram the graph€pand C,.

The two graphs intersect at the pokt
b) Find thex coordinates ofP .

c) Hence show that thg coordinates o is.

1(V2-1).
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Question 18  (***)

2costf x- 2 coshg.

a) Prove the validity of the above hyperbolic idenbtyusing the definitions of
coshx andsinhx in terms of exponentials.

b) Hence find

xcosit x dx.

X2 +

Xsinh 2x- % cosh2¢ C

1
yi

N

Question 19  (**¥)
Solve the hyperbolic equation

4+ 6( . o ; ]) tanhk = 11cosk+ 11sin.
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Question 20  (***)

Given that
9sinhx- coshx=
show clearly that
tanhx = 2 :
29
proof
Question 21 (***)
costt x - sink x°

a) Prove the validity of the above hyperbolic idenbtyusing the definitions of
coshx andsinhx in terms of exponentials.

b) Hence solve the equation
10cost x+ 6sinAix= 1

giving the answers as exact natural logarithms.
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Question 22 (***)

2coshX coskx® cosh4  coslx.

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

a) Hence solve the equation
cosh&+ cosh®- 6coske

giving the answer as an expression involving eratitiral logarithms.

X==*

In(3+\/§)

wl—
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Question 23 (***)

y=t- (2 sinht) cosh, t1

Determine the values df for which%z& giving the answers as exact simplified

natural logarithms.

[ 1 t=-|n(1+\/§) t= In(2+\/_5)

A=t - Couwkdat  teR i

)

DIFRETHING wiiy etper © £

gél U= (~od) bt — (2 -cmbt)sunkte

% S U+ W - st b sk
G- ol st =1

P (R

by o st — 2ok t2

4

o 46

— 0= 2Rt _osvht +2
= 3= sk swht 41

— 0= sukt - skt -2

— 0 = (swht + 1 )suhe = 2)

=
= sk
= S < 5
B
T b

N o hum)
=t < G /
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Question 24 (**¥)

cosh(A- B)° coshA cosB  sinA sirkk.

a) Prove the validity of the above hyperbolic idenbiyusing the definitions of

coshx andsinhx in terms of exponentials.
b) Hence solve the equation

coshi- In3¥F sinkx

giving the answer as an exact natural logarithm.

[ 1. |x=3ine

-
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Question 25  (**¥)
Find, in exact simplified logarithmic form, thg coordinate of the stationary point of

the curve with equation

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

Detailed workings must be shown.

| RETE
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Question 26 (***)

f(X)° 7% 6coshx 9sintx, xi

Find the exact coordinates of the stationary pairft$ (x), and determine their nature.
Give the coordinates in terms of simplified natdogjarithms.

[ L m(g).-2 7in(3)

Loy o b o +eR
l Do - Coe b ) Tt A0 0DmATES,
DNRETAE & souse fr 260 L) = g -2 = —2vTd
—
= {@)~ 7- Gsmha - Jachx W)= Thbsa = 2-Tw3
— 0= T-6wwhy — Judi {0 3
= b by < 7 \
o (=24 TE) A oo mnanon

= 64— 5) F (kS 47) <7

(\“@ 2=Thi3 ) & Locke Wimws /
/

= 3 -3 &S r 2T =7
> 5537

= 4 3t =

= 15y 3 = W&

= & +2 =0

= (5 - 313~ D=o

A Y %
= e= <‘/j s =
Glex THe N BeRGe QBINNG- AL (0-ORMINATES

- \56) = - Geodha ~Gsuhx

o oy = (b -t £

= (&% -ty 3g

o {lw)- -5 1ef =-2 <o
o {0 feprae - bt end

Question 27 (***)
Show with detailed workings that

arcsifn tant)

d A
o arctar( sintx) - = y

DIFRERSIIATE ean) Sinr SEehoATL/
T o T T

. )
0 8 (atan(anin)] = — oy -
EXER “ﬂ T+ S Ui
o \
=~ S = osedn
=5 obix 4

af . 1 [
°&L‘“‘5‘V’(\WL‘% = r\ﬁx sechy

4
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Question 28  (***)
a) Given thatarsinh 7=k arsinh determine the value &.
b) Solve the following simultaneous equations.

sinhx- 3cothy= 1
3sinhx- cothy= 1!

Give the answers in simplified logarithmic form.

| |, k=3], [xy] 3|n(1+x/_2),%|n3
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Question 29

(***)
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Solve the following equation, giving the answer®xzaact logarithms where appropriate

cosh- ¥ % sinh.

1, [t=0, t=2Ing

(WORENG N EXPONATIAS W &™)
= wsht -1 = ot

£ g .
Sldet bef)-t = 44 pet)
= seoset ot uet

trget—w0 =0

- <
= ¢t =0
<

Hy o né-o

=

o S pdii=o

FAORUZNG THe  QUADRATIC.

= () (E-a)=0
'
= ot <a’
= +t- <//,D
™ 9 =23
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Question 30  (***)
f (x) =sinhx cosx+ sinx coskx, x1
a) Find a simplified expression fof ¢ x).
b) Use the answer to part (a) to find

2
tanhx + tarnx

[ 1, [f4x)=2coshx cos{, [In|sinhx cosc+ sim cosk+ G

= swhxiesa 4 Svacad

S L SMCadh
L6 = dintost 4 suhyfam) + 0sa tedin + ST
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Question 31 (***)
Itis given that for all reak

coshX ° % 2sinhx.

a) Prove the validity of the above hyperbolic identlty using the definitions of the
hyperbolic functions in terms of exponentials.

b) Hence solve the equation

cosh X = 3sinkx,

giving the final answers as exact simplified natlogarithms.

V) i X=In(1+\/§) x=|n(1+2ﬁ5)

o) SIS 31 The J00Tos oF_adhn 4 sl 1) Tl of SRALS

RYS = 42 = 14 24
= 142 (P g S T 4 48™)
a4
B R B i
= ptede®
= hox

= Lys /%

H SOWING- P uATin)
= Gahoi= Bsmha
— 12 = 2w
=5 200 - 3g £l =0
- @M‘m — 1) (smha— 1)

— s < \Z

ol s
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HE R Y (F B gret
| 3 \[w%{ +{‘[§)
bl R g

e Gem) )/
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Question 32 (***)
Itis given that for all reak

coshX ° 2coshx-

a) Prove the validity of the above hyperbolic identlty using the definitions of the
hyperbolic functions in terms of exponentials.

b) Hence solve the equation
5coshx- cosh&=

giving the final answers as exact simplified natlogarithms.

[T x:iln(2+\/§)

N g e peupl e b i x o
RS = 2t = 2(r ey
=2 kbt e peB ) —
e CAR N S ey
LR TR g

= L L™

= wxhox %

s /

b) - sowu: HE Gued ool
= Saha - @ho=3
= Swha— (Zedd-1)=2
= Sk - 2wadov | =3
= D= 20 ~Swda+ 2
= (2o - 1) (o - 2)
el P (o) §
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— a-  ouh2 iy g
= a= % b+ )

- as &h(y@) js

p
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Question 33 (***+)

Itis given that for all reak

coshX © 4coshx- 3cosk.

a) Prove the validity of the above hyperbolic identlty using the definitions of the
hyperbolic functions in terms of exponentials.

b) Hence solve the equation

coshX- 3coshx= 1,

giving the final answers as exact simplified natlogarithms.

[ ] x:iln(2+\/§)

= (t-)UR4sti) =0
A ok Sognikr <o

O) B T DOl & b 1 TS O SONEIAS

S = iodd - Bl i
el i o o\ - =2

= 4SS s (v 567 L ik

LR A el ae o - =2

S (e - 3z Iy
b2 2 =5 x=  oaghd.

P R T e R =

¢ . = x=z (el

2 X TR A P
< et 3T €N N 3 387
iz s 7 = a2
T 7
s et Z
= oy
= L;‘Lﬁ

b) S e quitial WS paer )

= oy < 3eddo= ©

= dodh -3k - 3 = W

= ol - 30dn - Yo <M =0

ok Be Fhools Rf we goaic £0- 43Rzt
A= 4530
e 4C) 243 ayoygo
- 40) = -n-gay =0 oot = a2 o

A PR of THE 0IBC

87 LONG- DISION 9 Ipecion)

= 4B-30 st oo
= 4{t-2)+ st{f-2) + 7(€-2) =0
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Question 34 (***+)
A curve C has equation

y=12coshx- 8sinh¢ x, xI
Show that the sum of the coordinates of the turpioigt of C is 9.

proof
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Question 35  (***+)
y =artanhx, - 1< x<'1

a) By using the definitions of hyperbolic functionsterms of exponentials prove
that

artanhx :% In ﬂ

1- X

b) Hence solve the equation

x:tanh( In\/&).

-1

1
3

6) WORIND W SPONESIAG
SO OIS

— y=arbeuhy

= B = tax
— Mo
=3
- s In (2
— 9= &h(iE)
= e D)

7

R BiguIRD

=
= iz G-Gd
= G- 4l =0

- (- - D =o

cr=s J
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Question 36 (***+)

¢ (x) _sinhx

=== x| ,xt0.
coshx- 1

a) Find a simplified expression fof ¢ x).

b) Sketch the graph of (x).
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Question 37  (***+)
y =arsinhx, xI

a) Show that

arsinhx= In x+v X2+ 1.

b) Solve the equation

F 0 oo .
arS|nhZ+ arsinkx = arsmé.

Rlor
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Question 38  (***+)

coshXx° 4coshx 3cosk.

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

b) Hence find in exact logarithmic form the solutiaighe equation

coshX = 17cosh.

X = iln(2+\/§) = In(-2+ \/75)
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Question 39  (***+)
The curveC has equation

y=7sinhx- sinh, xI

Find in terms of natural logarithms and/or surds ¢xact coordinates of the stationary
points ofC.

i(|n(z+@),3f3)
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Question 40  (***+)

The curvesC, andC, have respective equations
y =18coshx, xI and y=12+14sinhx, xI
a) Find the exact coordinates of the points of intetiea betweernC, andC,.
b) Sketch in the same diagram the graplCpfnd the graph of,.
c) Show that the finite region bounded by the gragh€,0and C, has an area of

aln2+b,

wherea andb are integers to be found.

(n2.4P) & (in4, 229,

Created by T. Madas



Created by T. Madas

Question 41 (***+)
It'is given that

cosh(A+B)° coshA cosB+ sinA siri.

a) Prove the validity of the above hyperbolic idenbiyusing the definitions of the
hyperbolic functions in terms of exponential fuoots.

It is now given that
5costx + 4sintx® R coshx- a),

whereR anda are positive constants.

b) Determine, in terms of natural logarithms whererappate, the exact values of
R anda .

c) Hence state the coordinates of the minimum poirthergraph of

y =5coshx+ 4sinlx.

IR=3], |a=In3|,

—

-In3,3)
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Question 42 (***+)
Given that

sinhx = tart, 0<t <%,

show clearly that

tanhx = sirt.

Created by T. Madas

proof
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Question 43 (***+)
f(x)° artanhx , xI , |[x<1
a) Use the definition of the hyperbolic tangent toyaohat

1. 1+X
f(X)Oiln ﬁ .

b) Use a method involving complex numbers and thetagnetric identity

1+tarf x° seéx,

to obtain the hyperbolic equivalent

1- tantf x° sechx.

c) Hence solve the equation
6sectf x- tanh=

giving the two solutions in the form%ln k, wherek are two distinct integers.

! —l :_l
l:, x—2In3, X 2In5
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Question 44 (***+)
a) Sketch a detailed graph of the curve with equation

y = artanhx,

defined in the largest real domain.

b) Obtain a simplified expression f%rz, in terms ofx only.
X

c) Use integration and the answer of gaijtto show that

+
artanhx=% Inl—x )
1- X

No credit will be given for any alternative methaged in par{c).

1

dy
dx

1
1- X2

Created by T. Madas




Created by T. Madas

Question 45  (***+)

a) Starting from the definitions afoshx andsinhx, in terms of exponentials,
show that

cog(j)° cosf ) and sin(ij )° isinhf ).
b) Use the results of pafd) to deduce
secﬁj + tanﬁ' o
c) Hence find, in exact logarithmic form, the solusauf the following equation.

10secty= 5 3tar|3ny.

[ |y=+in 355
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Question 46 (***+)

f (w) © 5sinhw+ 7costw, wi

a) Expressf(w) in the formRcosh(w+ a), whereR anda are exact constants
with R>0.

b) Use the result of pafh) to find, in exact logarithmic form, the solutionkthe
following equation.

5sinhw+ 7coshw= !

[ 1.|R=v24=2/6q, |a=3In6=InV6|,[w=-In2  w=-In3
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Question 47  (***+)
By using suitable hyperbolic identities, or othesgjishow that

%[cosh4<+ 2cosh2+ [P coshe cdsk.

proof

Question 48 (****)

a) By expressingcoshx andsinhx in terms of exponentials, show that
cost x- sinff x°
b) Simplify (coshx+ sinh<)3, writing the final answer as a single exponential.

c) Hence expressinh 3 in terms ofsinhx

(coshx+ sinh<)3 = &/, |sinhx = 3sintx+ 4sinfix
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Question 49 (****)
The curveC has equation

y =cosh( 2arsinkx), xI

a) Find an expression fO-glLy.
X

b) Show clearly that

dé 1+ ¥

cosh( 2arsinkx) - 2% sinf 2arsind)
(1)

Nlw

c) Hence show further that

(1+ xz)d—2y+ xﬁl- ky= 0,

dx*  dx

for some value of the constakt

dy _ 2sinh( 2arsink)
dx J1+ X2
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Question 50  (****)
A function is defined in terms of exponentials by

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

f ¢fx) :sechx( tanh x- seé'hx) .

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

c) Show further that the coordinates of these poirgs a

iln(1+\/§) % :

proof
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Question 51 (***¥)
It is given that

cosh(A+B)° coshA cosB+ sinA sirik.

a) Prove the validity of the above hyperbolic idenbiyusing the definitions of the
hyperbolic functions in terms of exponential fuoots.

It is now given that
cosh(x+ J = coslx,

b) Show clearly that ...

i ...tanhx=1_—.
1+

proof
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Question 52 (****)

Given thaty = arctar( Séx) , show clearly that

Q_ 3
dx 5coshZ+ 4sinhX

proof
Question 53 (****)
Find in exact simplified form the value afinh( 2arsinh 3.

6v10
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Question 54 (****)

cosh X° 2coshx

a) Prove the validity of the above identity by usirg tdefinitions ofcoshx and
sinhx, in terms of exponentials.

The curveC has equation
y =coshx- 1, x1
b) Sketch the graph of .

The region bounded bg , the x axis and the line with equation=1In9 is rotated
through2p radians about th& axis to form a volume of revolutio8 .

c) Show that the volum& is

100
3In3+— .
P 81

proof
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Question 55 (****)

y =tanhx

y =sechx

Vv

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

Show that the area shown shaded in the figure Foclwx3 O is exactly%r[p +In 4] .
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Question 56 (****)

The figure above shows the graphyf arsechx, 0<x £1.

a) Show clearly that

1++/1- X
X

arsechx= In

b) Show further that

proof
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Question 57 (****)

The figure above shows the graph of the curve eafiation
y =3sinhx- 2coshx, xI

The finite region bounded by the curve and the dimate axes, shown shaded in the
figure above, is revolved bgp about thex axis to form a solids.

Show that the volume o® is
dp(12- 5InY
7 )

proof
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Question 58  (****)

a) Sketch the graph oy = arsechx, defined forO< x £1.

b) Show clearly that

dy _ 1
dx  xy1- %2
c) Hence evaluate
1
arsechx dx.

N

Give the answer in the forth 2 - 3In(2+ \/_3) , Where/ is a rational number

to be found.

1}

ol
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Question 59  (****)
It is given that for all reak

8sinf? x° cosh4 4cosh?

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

b) Hence, or otherwise, show that iln(l +\/§) are the solutions of the equation

2cosh4&- 15cosh@ %l .

proof
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Question 60  (****)
A curve C has equation

y =cosh X%+ sintx, x1

a) Show that thex coordinate of the turning point & is

-In 1+m

4

b) Using the definitions otoshx andsinhx, in terms of exponentials, prove that

coshx® % 2sinfx.
c) Hence show that thg coordinate of the turning point & is g

d) Determine the nature of the turning point.

min
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Question 61 (****)
It is given that

Acoshx+ B sinhx® R cospx a),

where theA, B, R anda are constants witiA>B >0, R>0.
a) Show clearly that ...

. 1 A+B
i. ...a==In .
2 A- B

i. ... R=VA- B.
b) Use the above result to determine the exact solatiadhe equation

5coshx+ 3sinkx= .
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Question 62 (****)
f (x)° cosh- 8coskx, xI

a) Determine, in exact logarithmic form, the solutiafighe equation

b) If k is a real constant, determine the value, valuesmge of values ok, so
that the equatiorf (x) =k has...

i. ...onerepeated real root.

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

V. ... no real roots.

]:, x:iln(4+\/1_5)
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Question 63 (****)
Show that

(v5- 2)m(v5 2+ (V3 3 i{V5 2,
can be written in the forma arsinhb, wherea andb are positive integers to be found.

[ |, |4arsinq 2

Question 64 (****+)
Show clearly that

di artanh cosx+ 1 =- —1tarx.

X cosx- 1 2

proof
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Question 65  (****)

5coshx+ 3sinkk= 1

Express the left side of the above equation infdhe Rcosh( x+a), whereR anda
are positive constants, and use it to show that

x:In(AJ_r\/_B),

where A and B are constants to be found.
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Question 66 (****+)

The curveC has equation

y = acoshx- sinhx, wherea>1.

Show thatC has a minimum turning point with coordinates

(%In(g%’%), a2+1).

proof
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Question 67  (****+)

f (x) = arsinhx+ arsinh1  xI ., xtO0.
X

2 -
a) Show clearly thatf G(x) = X—M

x2\/ x2+1.

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

O

b) Determine, in terms of natural logarithms whererappate, the coordinates of
the stationary point of (x), labelled as poin# in the figure.

c) Sketch the graph of (x) , fully justifying its shape foix <0, and state its range.

A12In(1+2) |, |f(x)2 2in(#V2)  f(x)E- 22 VD)
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Question 68  (****+)

The curveC has equation
y =sinh 2x- 14sinh«¢  &.

Find the exact coordinates of the turning point€oénd determine their nature.

2In(1+/2) - 16/ 2 161 £ 2 |,| -2n(# V2) ,16/2 161f-a v 2

Question 69  (****+)

Find, in exact surd form the solution of the equati

arsinhx- arcoskx= In.

i
Rlor
&
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Question 70 (****+)

coshx"%(é% 'ex) and sinhx"%(é‘- éx).

a) Use the above definitions to show that ...
i. ... costf x- sinffx

i. ...4cosix- 3cosh® cosh.

b) Hence show that the real root of the equation
12y3- 9y 5 O,

can be written as
<(¥B1+¥9).

proof
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Question 71 (****+)

Show clearly that

-In(: tanhxp x In( costx).

proof

Question 72 (****+)

A curve C has equation
y =3sinhx- 2coshx, xI
Sketch the graph of .

The sketch must include ...

... the coordinates of any points where the grap@ aheets the coordinates axes.
... the coordinates of any stationary or non statpharning points.

... the behaviour of the curve for large positive &arde negative values of
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Question 73 (****+)

P
1
wlon

(@]

The figure above shows part of the cu@ewith parametric equations

The curve crosses the axis atP.
a) Determine the coordinates &f.

b) By consideringx+y and x- y find a Cartesian equation f@ .

The regionR bounded byC, the straight line with equatiorx:§ and thex axis is

shown shaded in the figure.

c) Show that the area d® is given by

wlo

x%-1 dx.
1

d) Hence calculate an exact value for the areR of

P(L,0)[, |x*- y*= 1, |Area=

|_\
©|o
1
N
5
()
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Question 74 (****+)

The function f is defined
f(t)° In(1+ sint), sintt+1
a) Show clearly that ...
i. ... f(t)- f¢tF 2In(sed+ tan).
i. ...2In(sed¢+ tan)=- 2If see tah
A curve C is given parametrically by
x=f(t)+f(-t), y=f(t)- f(t).
b) Show further that ...

. ... sed= cosl%

ii. ... aCartesian equation @ can be written as

X

N

y_ -
coshi—e
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Question 75 (****+)

The function f is given by

Show that

f In(ZCoshl) = (é- )2.

2
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Question 76 (****+)

It is given that for suitable values af
y=In tan(%fp +—% x)

Show, with detailed workings, that

sinhy = tanx,

and hence deduce a simplified expressionefoin terms ofx.

[ ] |e¥=tanx + seq
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Question 77  (****+)

3tan X _

5tanh X - = 5tanh-
tanhx

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

| |, [x=In2|
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Question 78  (*****)
Sketch the graph of

x+\h2+4 y+ ¥+l =2, xi % )yl f¥¥ )

You must show a detailed method in this question
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Question 79 (*¥***¥)

Determine, as exact simplified natural logarithnise solutions of the following
simultaneous equations

coshx+ cosly= - and sinhx+ sinhy = 2.

1. [xy]= In(3-V6).;n(3v6 = {3749 .i{ 38
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Question 80  (*¥***¥)
If 0<k<+2-1 prove that

1k 1Kk

Bk Inx dx = =k artanhx dx

Kk X2-l K X

You need not evaluate these integrals.
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Question 81  (*¥***¥)
Determine the general solution of the following a&ton.

Sinh(x+iy):§lpi, xI , vyl

Ll(xy)=In \/6;\/5 P
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Question 82  (*¥***¥)

x=4arcosr(%\/?/)+«/y2 - 4,y3 4.

Use differentiation to show that

d’y_2
Ay

1. [oroo
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Question 83  (****¥)
Use inverse hyperbolic functions to show that

di In(cosx+ sinx++/ sin 2() = \/% cok - \/—% tarx.

X
Question 84  (*¥***¥)
Show, with detailed workings, that

sinh2= 2 coshx- sinfix
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Question 85  (*****)

f (x)° JJ1- %sinhzx |

(1+ tanhx)2

Determine the value of {In2).

145
qunZ) =- 2_56
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Question 86 (*****)

The figure above shows the cur@ewhose parametric equations are
_ : - 1 1
x=artanh( sirt), y=sed tart, - SP<I< 5P

Find the area of the finite region bounded by %haxis, the curve and the straight line
with equationx =1In (1+\/§) :
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Question 87  (*****)

x=41In3

The figure above shows the cur@ewhose parametric equations are
_ . . 1 1
x—artanr( sﬁt), y=sint, 2p< i< 2,0.

a) Use integration in Cartesian coordinates to firelékact area of the finite region
bounded by the curve and the straight line withagign x :%InB.

b) Use integration in parametric to verify the valditf the result of parta).

[ ] |area= 2Ir( Jf\/_Z)- 2arct%n\/%)
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Question 88  (*¥***¥)

Given thatp andqg are positive, show that the natural logarithmthadir arithmetic
mean exceeds the arithmetic mean of their natogalrithms by

¥

2 \/6-\/6 4r- 2 |

2r-1 p+\/a
r=1

You may find the series expansiona]tanr(xz) useful in this question.
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