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ELECTROMECHANICS OF INCOMPRESSIBLE. INVISCID FLUIDS

PROBLEM 12.14
Part a

The force equation in the y direction is

) .

3y - P8 (a)

Thus
p= - pgly-8) (b)

where we have used the fact that at y= §, the pressure is zero.

Part b
V*v = 0 implies
Bvx EZX_ ~
3x * dy 0 (@)
Integrating with respectto y, we obtain
avx
Ve S Tax Y + C (d)

where C is a constant of integration to be evaluated by the boundary condition at
y = -a, that

v (y= -a) =0

y y

since we have a rigid bottom at y = -a.

Thus . avx
v_ = = == (yta) (e)
Part c Y Ix
The x-component of the force equation is
ov
X __3% _ _ . 3 '
° 3t 3 P8 3x )
or
v
X __ ., 3%
it B (8)
Part d
At y = &,
13
Vy at (h)
Thus, from part (b), at y = §
3v
3 | _ X
= - (&) Y

However, since £ << a, and vy and vy are small perturbation quantities, we can
approximately write

av
T e )

Part e

Our equations of motion are now
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ELECTROMECHANICS OF INCOMPRESSIBLE, INVISCID FLUIDS

PROBLEM 12.28

Part a
The magnetic field within the generator is
uoNi _
B = w i2 (a)

The current through the generator is

= _ _ _j__ _ X -—
J = 13 T = ol 5+ VB)i’ ’ (b)

Solving for v, the voltage across the channel, we obtain

i Vu N
= (D __0o
v = <02,w - D) i (c)

We apply Faraday's law around the electrical circuit to obtain

p N2

"o d1

d == (d)

1 .

v + E-f idt + 1 RL
Differentiating and simplifying this equation we finally obtain
a2 (AT E Y Nai, _w ©
dt u N“Rd w dt uoN 2dC

We assume that i = Re I eSt.

Substituting this assumed solution back into the differential equation, we obtain
RL w U _NDV
____.0__._ + = 0 (£)
s® u N?%d Tw W s N’de

Solving, we have

RV ) U NDV R w ) M NDV \ 2
uy NZ2d Y oLw w Wy NZed t oer W .
s == ) pa A T U NAC (g)

For the device to be a pure ac generator, we must have that s is purely imaginary, or

. 2
) uoNDV D uoN 24 -
RL w OLw w

Part b
The frequency of operation is then

w
w = uoNszC 1)
PROBLEM 12.29
Part a

The current within the MHD generator is

= = g(¥ I
J = zd iy = o(w + vBo)iy (a)
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ELECTROMECHANICS OF INCOMPRESSIBLE, INVISCID FLUIDS

PROBLEM 12.31 (continued)

Solving for v we obtain

bp
) -t/T o w
= = —— h
v Ae Bp v where R, 524 (h)
)
Vo RL*'Ri
and where
p 2
T = 1)
v, RLi-R
at t = 0, the velocity must be continuous. Therefore,
beq
A= Vo T ¢ Ap wB
(e )
v° RL+Ri
Now, the current is
wB v
[¢] \
i s ——— (k)
R tRy
Thus
wB Ap - -
i= 2 — 1-e t/T) vy et/ (2)
R Ry (Ap wB :> o
’ _°+__._°_.
Vo RL-FR
A
_——-VO
v
o
\ wB
1+ 5 (R+o)
Po \Ry*R,
t
i
voﬂow
+ Ry
B, WV,
- T
RL+Ri)(l+—(RL+R))
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ELECTROMECHANTCS OF COMPRESSIBLE, INVISCID FLUIDS

PROBLEM 13.11 (continued)
We replace 3/t by 3/3t + vV  to obtain

i 3 2 v _ 2 2.1
( + vV ax) vi = a_ 3°v

it o A2
Letting v' = Re G ej(wt-kx)

we have
(w=- kv Y = a2k?
o s

Solving for w, we obtain
= +
w k(Vo as)
Part b

Solving for k, we have

[

Vta
o s

k =

For V0 > ag, both waves propagate in the positive x- direction.

PROBLEM 13.12
Part a

We assume that

E = i? Ez(x,t)
i.= f? Jz(x,t) .
B= 1 u [H + Hy(x,t)]

We also assume that all quantities can be written in the form of Eq. (13.2.91) ,
v

1
p 2= -3 _g u H (conservation of momentum (a)
o St ax z oo i
linearized)
The relevant electromagnetic equations are
dH'
IxX = Jz (b)
and IE, . OH]
% - ° 5% (e)
and the constitutive law is
J,= O, +v.uH) (d)
We recognize that Eqs. (13.2.94), (13.2.96) and (13.2.97) are still valid, so
1Lop 0%
0. 3t T Tix (e)
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