Solutions 5(e)

|Complete solutions to Exercise 5(e)

1. By using a calculator we have:

sinh(10)=11013.23, sinh(-3)=—10.02, cosh(10) =11013.23, cosh(1x107*)=1,

tanh(5 x10")=1and tanh(0.5)=0.46
2. (a) See Fig 12. (b) See Fig 13.
3. Replacing x with —x into (5.24) gives:

X a=(=)
sinh (—x) :%

—sinh(x)

G{II

4. Applying (5.26) gives:

tanh(-x)= sinh(—x)  —sinh(x)

cosh(—x)  cosh(x) p, 3 f‘z

— tanh(x)

5. Applying (1.14):
cosh®(x)—2cosh (x)sinh (x)+sinh® (x [cosh ] )| —2cosh(x)sinh(x [smh

:[cosh(x)—sinh(x)]2 [by (1.14)]
) e
ygay 6
6. Similarly
cosh? (x) +2cosh (x)sinh (x) +sinh? (x) =[ cosh (x) +sinh (x) ] = (¢*)" = &>
2 2

7. Substituting x =acosh(¢) and y = b sinh(z) into x—z—é gives:

x2 y*> [acosh(t ] [bsmh ]
LI A

a’ b’ a’ b?
_a’cosh’(t) b*sinh®(t) cosh? (t)—sinh? () = 1
a’ b by G31)
(1.14) a’—2ab+b> =(a-b)
(53) (am)n _ amn
(5.24) (ex - e_x)/Z = sinh(x)
(5.26) tanh(x) = sinh(x)/ cosh(x)
(5.30) cosh(x) —sinh(x)=¢"

(5.31) cosh’(x)—sinh’(x) =1

I



Solutions 5(e)
8. We have:

vZ =1.8x300x tanh(6'3x035j ~1.8x300x tanh (0.735) = 338.102

v=18.39m/s (Taking square root)
9. Substituting L =30 x 10~ gives:

!smh(Z 56x30x107) + (6
Q=15
cosh(2 56x30x107

‘3)cosh(256x30><10 )
)+

[o 077 +( 6018x103)}
~15 ) 1.24W

smh(z 56x30x10" )

7 1.003+(4.613x10°*
10. Putting x = L gives:

viet—e7t et +et
— + 1
z 2 2

collecting the v terms collecting the | terms
z

:gsinh(yL)+ | cosh(yL)

by(5.24)

by(5.25)
11. We have:
T° =H {1+smh2(—ﬂ = H coshz(w—)
[Sp)
by (5.31)
Hence
2( (WX
T = |H? cosh \ =H coshk—
H
12. We have:
L [(Z,+2)e” +(2,-2)e™]
*Zy+Z2 0
— Iei}/L i rX —7X 7X —rX
ZO+Z—Z°(e +e)+Z (e —e )]
—y7L r X —7X VX _ A7rX
_ le 27, e’ +e L 97 e e
Z,+Z| 2 2
_ 2171 7 cosh(yx)+ Z sinh (7x)
Z,+2|° 4 4
by (5.25) by (5.24)
(5.24) (ex - e_x)/Z = sinh(x)
(5.25) (ex + e”)/Z = cosh(x)
(5.31)

cosh’(x)—sinh’(x) =1



Solutions 5(e)

13. Similar to solution 11. Multiplying numerator and denominator by (ZO +Z) gives:

Z =7 {(ZO+Z)97X (-7, )e_”}

N (Z,+2)e” +(Z,-Z)e™

. _Zo(e”—e’“)+z(e7X e”)
- O_ZO(e”+e‘7x)+Z(eyX e )

_Zzosinh(yx)+22 cosh(yx }
| 2Z, cosh(yx)+2Zsinh(yx
; _ {Zosinh(yx)Jchosh 7X)
* 7| Z, cosh (yx)+Zsinh (x)
14.(i) From A+ B = 6, we have B= 6, — A. Substituting this into 4, = Ae"* + Be ™
gives:

} (Cancelling 2s)

0, = Ae" +(g, - A)e™
= A(ekL —e™ )+ Hoe_kL

Rearranging: Al —e)=0,- 0"
0, — G "
A ekL —e —kL
. 0, — O™
(i) B=6,-A = ",
from part (i) e —e€
kL —kL —kL
G(e“—e")-0, +oe
- ekl _ gt
kL —-kL —kL
_0e -0 -0 +0e
- ekt _ gk
50" -0
et gkt

(iii) Substituting for A and B from parts (i) and (ii) gives:
(6. -0, ™ )e” +(6,e“ -0, )e™

O(x) = Ae™ +Be ™ =

ekt _ gkt
~ eLekx _ eoe—kukx n eoekL—kx _ HLeka
ekt _g Kt
B 9L (ekx _eka)_i_ 90 I:ek(L—x) _e—k(L—x):|
o ekt gk
6(x) = 6, sinh (kx)+ 6, sinh[ k (L-x)]
oy G2a) sinh (kL)

(5.24) (ex — e”)/Z = sinh(x)



