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Hyperbolic Sine, Cosine and Tangent
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Write down the definitions of sinh x and cosh x in terms of exponentials. Hence evauate sinh
0, cosh 0 and tanh O.

Use your calculator to find sinh 2 and cosh 2, giving each answer to 3 significant figures.

Show that sinh (In 3) = 2

3
State the range of the function f(x) = cosh X, X € R, and the range of g(x) =tanh x, x € R.

2X
By writing tanh x in terms of exponentials, show that tanh x = 22" " 11

1 1 1

cosh x’ sinh X and tanh x* Find the

The functions sech x, cosech x and coth x are defined as

value of each at x = 1, to 3 significant figures.
Show that cosh (In 2) = %, and find the exact value of tanh (In 2).

Using the definitions in terms of exponentials, show that sinh (—x) = —sinh x and cosh (—Xx)
= cosh x for &l real x.

Solve the equation sinh x = 0, and the equation cosh x = 1, using the definitions in terms of
exponentials.

Asx — oo, find the limits of tanh x and coth x. Hence state the equations of the horizonta
asymptotes of y = tanh x, and write down the equation of the vertical asymptote of y = coth x.

Given that Sinh x = %, use the definition of sinh x to find the exact value of x.

Sketch the graph of y = 2 + cosh X, stating the coordinates of the point where it crosses the
y-axis and of its minimum point.

A cable hangs between two supports so that its height above the ground, in metres, is
modelled by h = 5 cosh (%), —10 = x = 10, where x is the horizontal distance in metres from

the midpoint between the supports.
Find the height of the cable above the ground at its lowest point and at each support, giving
answers to 3 significant figures.

2 _
Show that, for k > 0, sinh (Ink) = % Hence find the exact value of sinh (In 5) and of
cosh (In 5).

Solve the eguation cosh x = 2, giving the solutions in exact logarithmic form.
Given that sech w = % and w > 0, find the exact values of cosh w, sinh w and tanh w, and
show that w = In 5.

e></2 _ e—x/2)2

Show that coshx — 1 = ( 5 . Hence prove that cosh x = 1 for al real x, and state
when equality holds.
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18  Sketch the graph of y = 2 tanh x — 1, showing the coordinates of any axis intercepts and the
eguations of the asymptotes. [4]

19  Show that cosh x + sinh x = €*. Hence show that (cosh x + sinh x)" = cosh nx + sinh nx for all

positive integers n. [5]
20 The arch of afootbridge has height, in metres, y = 25 — 5 cosh (1%), where X isthe

horizontal distance in metres from the centre of the arch and the ground level isy = 0.

Find the width of the arch at ground level, giving the exact answer in terms of natural

logarithms and also to 3 significant figures. [5]
21 Given that cosh x = %, use the definition of cosh x to find the two possible values of €*.

Hence find the exact values of sinh x and tanh X in each case. [6]

22 Let f(x) = tanh x for x € R.

(@ Showthattanhx =1 — 2

e”+1 2
(b) Hence provethat —1 < tanh x < 1 for all x, and that tanh x increases as x increases. [4]

23 A uniform chain hangs between two vertical poles of equal height. In a model, the shape of the chainisy =
15 cosh (%), where x and y are measured in metres, the origin O is on the ground directly below the lowest

point of the chain, and each pole has its top at the point wherey = 25.

(@ Write down the height above the ground of the lowest point of the chain. [1
(b) Show that the polesareat x = +15In 3. [3]
() Find the distance between the poles to 3 significant figures. [2]

24 A student attempts to solve tanh x = 2 and writes; 'e* — 1= 2(e* + 1), s0 —e* = 3,0 e =
~3andx = 3 In (~3).
Explain what is wrong with the last step and WhaI this tellsyou about the equation tanh x = 2.
Then show that tanh x = k has a solution x = In (1 k) ifandonly if —1<k<1. [6]

25  Thefunction f isdefined by f(xX) = 3 coshx — 4, x € R.

(@ State therange of f. [2]

(b) Solvef(x) =5, giving the solutions in exact logarithmic form. [4
26 Letk>1.

k?+1

(@ Show that coth (Ink) = -1 [3]

(b) Hence find the exact value of coth (In 3), and find k such that coth (In k) = 13. [4
21 The angle 6, where 0 < 6 < 2 is defined for areal number x > 0 by tan © = sinh x.

Show that cos 6 = OshX,andthzattsmG—tanhx [8]
28  Consider the equation 5 cosh x + 3 sinh x = k, where k is a constant.

(& Show that 5cosh x + 3sinhx = 4e* + e, [2]

(b)  Show that the equation has real solutionsif and only if k = 4. [5]

(c) Solve the equation when k = 5, giving the solutions in exact form. [3]
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Show that sinh (In (x +yx* + 1)) = x for all real x.
Show also that cosh (In (x +yx* — 1)) =x for x = 1.

The real numbers aand b satisfy tanh a= % andtanh b = %

(@ Showthate®®=3ande®=2.
(b) Hence find the exact value of tanh (a + b).

(c) Henceshow thata+b= % In 6.

Hyperbolic | dentities
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Given that sinh x = % and x > 0, use the identity cosh? x — sinh? x = 1 to find the exact value

of cosh x.

Divide both sides of cosh? x — sinh? x = 1 by cosh? x to show that 1 — tanh? x = sech? x.

Write each of the following as a single hyperbolic function.
(@ 2 sinh 3x cosh 3x

(b) cosh? 4x + sinh? 4x
Given that tanh x = % find sech? x and hence the exact value of cosh x (x real).

Given that cosh x = 3, use the identity cosh 2x = 2cosh? x — 1 to find the value of cosh 2x.

Verify that sinh (A + B) =sinh A cosh B + cosh A sinhB when A =In2and B =1n 3, by
finding the exact value of each side.

Using the definitions of cosh x and sinh x in terms of exponentials, prove that cosh? x — sinh?
x=1

Using the definitions in terms of exponentials, prove that sinh 2x = 2 sinh x cosh x.
Show that —In (1 — tanh x) = x + In (cosh x) for all real x.
Given that 5 sinh x — cosh x = 1, find the exact value of tanh x.

2 tanh X

Use the identities for sinh 2x and cosh 2x to prove that tanh 2x = ————.
1+ tanh” x

Simplify (cosh x + sinh x)(cosh x — sinh x). Hence show that, if cosh x + sinh x = 3, then

coshx — sinh x = % and find the exact values of cosh x and sinh x.

Solve the equation cosh 2x = 3, giving the answers in exact logarithmic form.

Using the definitions in terms of exponentials, prove that sinh (A + B) = sinh A cosh B + cosh
A sinh B.

Throughout this question you may use cosh (In 2) = % and sinh (In 2) = %

(@) Provethat cosh (A + B) = cosh A cosh B + sinh A sinh B using the definitions in terms
of exponentials.
(b) Hence solve cosh (x + In 2) = 3 sinh X, giving the answer as an exact logarithm.
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Solve the equation cosh 2x + 3 = 5 cosh X, giving the solutions as exact |ogarithms.
Solve the equation 2 sech? x + 3 tanh x = 3, giving the answer in exact logarithmic form.

Prove that sinh 3x = 3 sinh x + 4 sinh® x.

Show that cosh X + cosh Y = 2 cosh (%) cosh (%).

Hence write cosh 5x + cosh x as a product.

Find a Cartesian equation for each of the following curves, given parametrically.
(@ x=2sinht,y=cosh2t
(b) x=3cosht,y=2sinht

Throughout this question x is real.

(@ Prove that cosh 3x = 4cosh® x — 3 cosh x.
(b) Hence solve cosh 3x = 13 cosh X, giving the solutions in exact logarithmic form.

Express cosh? x in the form a cosh 4x + b cosh 2x + ¢, where a, b and ¢ are constants to be
found.

Let t = tanh (3).

: +t°
a) Show that sinh x = 2 andcoshx=1—t.
1-—1t2 1-—t2

(b) Hence solve 5 cosh x — 4 sinh x = 3, giving the answer as an exact logarithm.

A student solves cosh 2x = 7 as follows: 'cosh 2x = 2cosh? X + 1, S0 2cosh? X + 1 = 7, s0
cosh? x = 3 and cosh x = y/3, giving x = + In ({3 +2)."

Show by substituting x = 0 that the identity used is wrong, give the correct identity, and find
the correct solutions.

Show that sinh 3x + sinh X = 2 sinh 2x cosh X, and hence solve sinh 3x + sinh X = 4 sinh 2x,
giving the solutions in exact form.

3 tanh x + tanh® x

Prove that tanh 3x = T+ 30 x

Given the identities cosh 3x = 4cosh® x — 3 cosh x and cosh 2x = 2cosh? x — 1, prove that
cosh 5x = 16cosh® x — 20cosh® x + 5 cosh X.

Let x # 0 be areal number and let n be a positive integer.
(8  Show that 2 sinh (3) sinh (1x) = cosh (( + 5)x) — cosh ((r = 2)X).

(n+ 1)x

sinh () sinh (F52)

(b) Hence provethat > sinh (rx) = <
= sinh (3)

A curveisgiven parametrically by x =2 cosht + 3sinht,y =cosht + 2sinht, t € R.
Show that the Cartesian equation of the curve is 3x?> — 8xy + 5y? = 1, and show that this can
be written in the form (3x — 5y)(x —y) = 1.

Show that sinh x + sinh 3x + sinh 5x = sinh 3x (1 + 2 cosh 2x). Hence solve sinh x + sinh 3x
+ sinh 5x = 4 sinh 3x, giving the exact solutions in terms of natural logarithms and
simplifying fully.
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I nver se Hyperbolic Functions
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Use your calculator to find arsinh 2, arcosh 3 and artanh % giving each answer to 3

significant figures.
State the largest possible domain of each of the functions arsinh x, arcosh x and artanh x.

Write down the exact values of arsinh 0, arcosh 1 and artanh O.

Given that y = arsinh (%), find the exact values of coshy and tanh y.

Use the logarithmic form artanh x = % In (H) to show that artanh (g) =1In2.

Use the logarithmic form arsinh x = In (x + \/x2 + 1) to show that arsinh (%) =In2.

Let y = arsinh x. By writing x = sinh y in terms of exponentials, prove that arsinh x = In (x +

VX2 +1).
Lety = arcosh x, wherex = 1 and y = 0. By writing X = cosh y in terms of exponentials,
prove that arcosh x = In (x +yx? — 1).

Let y = artanh X, where —1 < x < 1. By writing x = tanh y in terms of exponentials, prove that

1+x
1—x)'

artanhxz%ln(

Solve arsinh x = In 3, giving X as an exact fraction.

Find the exact value of sinh (2 arsinh 3).

Solve the equation artanh x = In 5 without using a calculator, giving x as an exact fraction.

Show that arcosh () =In 5.

Solve arsinh x = 2 arsinh (%), giving x as an exact fraction.

Sketch the graph of y = arcosh X, stating its domain and range and the coordinates of any
intercepts with the axes.

State the domain and range of each of the following functions.
@ f(x)=3asnh(x—1)+2
(b) g(x)=arcoshx +1

(© h(x) = artanh ()

X 1
)=Inx.

2
Show that, for x > 0, artanh ( Tl

The function f is defined by f(x) = arcosh (2x — 3). State the largest possible domain of f, and

solve f(x) =In (2 + \/§), giving X as an exact fraction.

X+y
1+xy)'

Provethat, for —1 <x <land —1<y <1, artanh x + artanh y = artanh (
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Throughout this question k > 0.

(8 Show that tanh (5 InK) = < for k >0,

(b) Hence solve the equation artanh x = % In7.

The function f is defined by f(x) = 2 sinh 3x — 1, x € R. Find an expression for f (x),
giving your answer in terms of natural logarithms and simplifying as far as possible, and state
the domain and range of ™1,

Throughout this question 6 lies in the interval —% <B< %

(@ Show that arsinh (tan 6) = In (sec @ + tan ©) for —5 <6 < 3.

(b) Hence solve arsinh (tan 6) = In 3, giving 0 to 3 significant figures.

X

Show that, for —1 < x < 1, artanh (1ix2

) = 2 artanh x.

Let y = arcosh X, where x = 1. Show that y = 2 arsinh w/x;zl

A student claims that the equation arcosh x = —1 has the solution x = cosh (—1) = cosh 1 = 1.54.

(@  Show that the student's value of x does not satisfy the equation, and explain the error.
(b) Find the range of values of k for which arcosh x = k has a solution, and give the
solution in terms of k.

Solve arsinh x + arsinh (%) = arsinh (%), giving x as an exact fraction.

Consider the series artanh (%) + artanh (%) + artanh (%) + ...+ artanh (2—1n).
(@ Show that artanh (%) = % In (%) for every integer r = 1.

(b) Hence show that S artanh (3-) = 2 In (2n + ).

r=1

() Find the least value of n for which the sum exceeds 2.

Let x > 0 and let y = arsinh x. Prove that

(@ y=arcoshyl+x?

(b) vy =artanh (—=

1+x?

)

(c) Hence show that arsinh 2 = arcosh «/5 = artanh (%), and give this common value as a

natural logarithm.

Solve the simultaneous equations
arcosh x + arcoshy =1In 6,
arcosh x — arcoshy =1In (%),

wherex = 1andy = 1. Give x and y as exact fractions.

Solve the eguation arcosh x — arsinh x = —In 2, where X = 1, giving the exact solution.
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Hyperbolic Differentiation
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Differentiate each of the following with respect to x.
(@ sinh5x

(b) cosh(3)

Find % when y = tanh 2x.

Differentiate y = x? cosh x with respect to x.
. . .o, dy

Given that y = arsinh 3x, find aTx-

—_ e_x

d, .
> — toprove that H(SI nh x) = cosh x.

Use the definition sinh x = &
Find the gradient of the curvey = cosh x at the point where x =In 3.

Using the quotient rule and the derivatives of sinh x and cosh X, prove that d—dx(tanh X) =

sech? x.
Prove that %(sech X) = —sech x tanh x.

Differentiate y = € sinh 2x with respect to x.
Differentiate each of the following with respect to x, simplifying your answers.

(@ In(coshx)
(b) In(sinh 3x)

Given that y = cosh? x, show that % = sinh 2x.

Differentiate each of the following with respect to x, simplifying your answers.
(@ arcosh 2x

(b atanh ()

Find an equation of the tangent to the curvey = sinh x at the point where x = In 2.

. dy 1
Let y = arsinh x. Prove that == = .
Y dx  x2+1
Lety = artanh x, where —1 < x < 1. Prove that 3. = — L
y = artanh X, where X < 1. Prove ix - 1-2

A curve has equation y = 5 cosh X — 4 sinh x. Find the exact coordinates of the stationary
point of the curve and determine its nature.

Given that y = tanh (In x), where x > 0, show that 3 = %
en y =tan , Where , sho T = G I
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dy

A curve has parametric equationsx =t — tanh t, y = sech t, t > 0. Show that Tx

= —cosech t. [5]

The curve C has equation y = sech x.
2,
Show that % = sech x (tanh? x — sech? x), and hence find the exact coordinates of the

points of inflection of C. [7]

The curve C has equation y = 7x — cosh x — 5sinh x.
Find the exact coordinates of the stationary points of C and determine their nature. [9]

A cable hangs between two supports. In a model, its height above the ground isy = 20 cosh (2%) metres,

where X metres is the horizontal distance from the lowest point.
(@ Find the gradient of the cable at the point where x = 15, and the angle the cable makes

with the horizontal there, to the nearest 0.1°. [3]
(b) Find the exact value of x at the point where the cable has gradient 1, and the height of
the cable there. [4]

The following parts are about the functions arctan (sinh x) and 2 arctan (€").

(8 Show that - [arctan (sinh x)] = sech x. 3
(b)  Show that - [2 arctan (€] = sech x. (3
(c) Hencefind the constant ¢ such that arctan (sinh x) = 2 arctan (€*) + c. [3]
: — (arc 2 5 dy dy _
leenthaty—(arsmhx),showthat(l+x)ﬁ+xﬁ—2. (7

A student writes the following derivatives.
(i) < (cosh 3X) = sinh 3x (if) o (tanh x) = sech x (iif) - (x sinh X) = cosh x

Identify the error in each statement and write down the correct derivative. [6]

Let f(x) = In (cosh x). Find f'(x), f"(x), f"'(x) and f""(x), and hence show that the Maclaurin

2 4

series of f(X) begins% - % + ... [7]

The curve C has equation y = 4x sech x, x = 0.

(@ Show that C has a stationary point where x tanh x = 1. [4
(b)  Show that the equation x tanh x = 1 has aroot between 1 and 1.5. [2]
(c) Using the Newton-Raphson method with x, = 1.2, find the root to 3 decimal places, and

hence the maximum value of y to 3 significant figures. [5]

The curve H has parametric equations x = 2 cosht, y = 3sinh t, t € R. The point P on H has parameter p,
where p # 0.
(@  Show that the tangent to H at P has equation 3x cosh p — 2y sinh p = 6. [4

(b) Thetangent meetstheliney = %x a A andtheliney = —%x at B. Find the coordinates

of A and B in terms of p. [4]
(¢) Hence show that P isthe midpoint of AB. [2]
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A chain hangs in the shape of the curvey = a cosh (%)1 where ais a positive constant.

dy _ [, Yy
€) Showthataﬁ— 1+(ﬁ).

(b) Fora=5, find the gradient of the chain at each point where the height is 13, giving
exact values.

() Find the acute angle between the chain and the horizontal at these points, to the nearest
0.1°.

Let g(x) = cosh x sin x + sinh X coS X.

(@ Show that g'(x) = 2 cosh x cos x.

(b)  Show that g""(x) = —4g(x).

(©) Hence find the Maclaurin series of g(x) up to and including the term in x°.

Hyperbolic I ntegration

1

10

11

12

Find each of the following integrals.
(@ [sinh3xdx
(b) fcosh(2x+1)dx

Find each of the following integrals.
(@ [sech?xdx
(b) [ 4sech®2xdx

Evaluate j;l cosh x d X, giving your answer to 3 significant figures.

Show that [ tanh x d x = In (cosh x) + c.

Write down each of the following integrals.
1
dx

@ fm

1

® S

Show that ["* sinhx d x = z.

dx

Show that _gm cosh2xdx = 2—90.

Find [ cosh? x d x.

Find the exact value of f sinh? x d x.

Showthzar[‘[;3 x=In2.

1
w/xz +16 d

Find the exact value of £ 15 !

1 1
1_X2dx—§ln3.

d x, giving your answer as a single natural logarithm.

Show that £ vz
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Find the exact area of the region bounded by the curve y = sinh 2x, the x-axis and the line x =
In2.

Use integration by partsto find f x sinh x d x.

Use the substitution x = sinh u to show that [ + dx =arsinhx + c.

\/x +1

Given that % = coshx\/1+y2 and that y = 0 when x = 0, find y in terms of x.

Find the exact value of fnz X cosh x d x.

Show that [° dx=3In(>).

x2 =1

Show that sech x = ezxz—ejl. Hence find [ sech x d x.
Find the exact value of £l x sech? x d x.

Show that j: z

1
——=dx=In(1+2).
VX2 + 4x + 13 ( \/_)
- . > 1 2 1.
Use the substitution x = sinh u to show that [ /X +1dx—§x\/x +l+§arsmhx+c.

The region R is bounded by the curve y = cosh x, the x-axis, the y-axis and the line x = 1.
Find the exact volume of the solid formed when R is rotated through 211 radians about the
x-axis, and give the value to 3 significant figures.

The arc of the curve y = cosh x between x = 0 and x = In 2 has length s. Use the formula s =

In2 d 3
L7 1+ ()% dx to show that s = 3.

Use integration by partsto find [ arsinh x d x, and hence show that £3l4 arsinhx dx = % In2
1

7

In (1+y2) II
& sechxdx=—.

Show that [ sech x d x = arctan (sinh x) + c. Hence show that £ 7

Let In:£|n2 cosh” x d x for integersn = 0.

(@ Showthatnl,=[cosh"!xsinhx],"?+ (- 1)1, ,forn= 2
(b) Hencefind I, exactly.

_ [In3 1
LetJ_£ =53 4%

(@ Usethe substitution t = tanh (%) to show that\]:.[;ﬂ2 2—1t2 dt. You may use cosh x =
1+t dt _ 1 2
ﬁandﬁ—i(l—t).

(b) Hence show that J= 1 In (5@).
22 t22-1
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The diagram shows the curvesy = cosh x and y = 3 — sinh x, which meet at the point A. The shaded region

R lies between the two curves and the y-axis.

Ya
3.4
y = cosh x
2 .
11 y =3 — sinh x
0 05 1.0 15 Xx

(& Show that the curves meet where € = 3, and find the exact coordinates of A.
(b) Find the exact area of R.

() Find the exact volume generated when R is rotated through 211 radians about the x-axis.

1 2

_ 3
SThX T 2o x dx= ﬁ arctan ( = ). You may use the result arctan a —

Show that £ n?

arctan b = arctan (%) for a, b>0withab> —1.

Solving Hyperbolic Equations

1

10
11
12
13

Solve tanh x = % giving the answer as an exact natural logarithm.

Solve cosh x = %, giving the answers as exact natural logarithms.
Solve 2 sinh x = 3, giving your answer to 3 significant figures.
Explain why the equation cosh x = % has no real solutions.

Given that sinh x + cosh x = 4, find the exact value of x.
Solve sech x = % giving the answers as exact logarithms and to 3 significant figures.

Solve 2 sinh? x — sinh x — 1 = 0, giving the answers as exact natural logarithms,
Solve 3 tanh? x + 2 tanh x — 1 = 0, giving the answer as an exact natural logarithm.
Solve cosh x = 2 sinh X, giving the answer as an exact natural logarithm.

Solve 3 cosh x — 5 sinh x = 3, giving the exact solution.

Solve cosh 2x — 3coshx +2=0.

Solve sinh 2x = 3 sinh x, giving the exact solutions.

State the number of real solutions of the equation cosh x = k for each value of k.
@ k=3
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(3]
(3]
(5]

(2]

(2]

(2]

(2]

(2]

(3]

(4]

(4]

(3]

(4]

(4]
(4]

(1]
(1]

(1]
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15

16

17

18
19
20

21
22
23

24

25

26

27

Solve 3 tanh?® x + 2 sech x = 2.

Solve 2 coth? x — 5 cosech x + 1 = 0, giving the answers as exact natural logarithms.

It is given that 13 cosh x + 5 sinh x = R cosh (X + a), where R > 0 and o > 0.

(@ Find the exact values of R and «.

(b) Hence solve the equation 13 cosh x + 5 sinh x = 15, giving the answers as exact natural
logarithms.

Solve each of the following inequalities, giving exact answers.

(@ coshx>2
(b) snhx=s

Solve tanh 2x = 3 tanh x.
Solve cosh 5x + cosh x = 6 cosh 3x, giving the exact solutions.

Find the range of values of k for which the equation 2 cosh x + sinh x = k has real solutions.
Solve the equation when k = 2.

Solve 3(cosh x — 1) = 2 sinh X, giving the exact solutions.
Solve cosh 2x + 3 sinh x = 3, giving the answers as exact natural logarithms.

Solve the simultaneous equations
13

sinhx+4sinhy=?,
3sinhx — Zsinhy:g,
giving x and y as exact natural logarithms.

A student solves sinh 2x = 4 sinh x as follows.

'sinh 2x = 2 sinh x cosh X, so 2 sinh x cosh X = 4 sinh x. Divide both sides by sinh x to get 2
coshx =4, s0coshx =2andx == In (2 +3).

The student has missed a solution. Identify the mistake, and find all the solutions of the
equation.

The equation cosh 2x = 4 sinh x + k, where k is a constant, may or may not have real solutions.

(@ Show that, if the equation has a solution, k = —1.
(b) Solve the equation when k = 1, giving exact answers.

A cable between two towers hangs in the shape y = 12 cosh (%), where x and y are in metres and the

originis at ground level below the lowest point of the cable.

(@ Find the height of the cable at its lowest point.

(b) At two points on the cable the height is 13 m. Find the exact horizontal distance
between these points, and give it to 3 significant figures.

Let f(x) = cosh 2x — 10 cosh x, for x € R.
(@ Solvef(x) = —1, giving the answers as exact natural logarithms.
(b)  Find the number of real solutions of f(x) = k for each of the following values of k.

(i) k = —14 (i) k = —2—27 (iii) k=—10 (iv)k=—9 (V) k=0

(5]

(6]

(3]

(2]
(2]

(6]
(4]
(3]

(1]

(5]

(3]
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29

30

The following parts use the values cosh (In 2) = % and sinh (In 2) = %.

(@ Showthat 5sinh x + 3 cosh x = 4 sinh (x +In 2). [3]
(b) Hence solve 5 sinh x + 3 cosh x = 12, giving the exact answer in the form In (%E). [3]
(c) Solve5sinhx + 3 cosh x = —8, giving the exact answer. [3]

The curves C; and C, have equationsy = 7 cosh x and y =5 + 5 sinh x respectively.
(@  Show that the x-coordinates of the points where C, and C, meet satisfy e — 5¢* + 6 =

0, and hence find the exact coordinates of the points of intersection. [5]
(b) Between these points, C, lies above C;. Find the exact area of the region enclosed by
the two curves. (4

A particle moves in a straight line so that its displacement from a fixed point O at timet seconds (t = Q) iss
=5 cosh 2t — 3 sinh 2t metres.

(@ Show that the particle is instantaneoudly at rest whent = % In 2, and find its

displacement at that instant. [5]
(b)  Show that thisis the minimum displacement. [2]
() Find the exact time at which the displacement is 7 m, giving your answer in terms of a

natural logarithm and ignoring any root that corresponds to a negative time. [4]



