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WFU Physics Colloquium
TITLE: Black Holes and Gravitational Waves
SPEAKER: Professor Steven Detweiler,

Department of Physics
University of Florida

TIME: Wednesday November 13, 2013 at 4:00
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

John Wheeler popularized the name "Black Hole" in 1957 Ever since, these unusual
ebjects have been invoked to explain a surprisingly diverse range of phenomena. Today we
apparently observe black holes with a wide variety of masses and in many different
environments. However we have rather scant evidence that these objects are actually the
Black hoies of General Reiativity rater than, say, small massive object which do nol obey
the rules of Einstein's gravity.

Gravitationa| waves provide explanations for a completely different st of phenomena
However, their direct detection continues to be a rather elusive goal. It is possibie that
sometime soon (five ta ten years? o maybe only thiee years?) gravitational waves wil
indeed be detected, and perhaps this event will give us direct evidence that the black holes.
which we observe are indeed the black holes of Einstein's graviy
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Wave equation with source:

1 °®
sz atz :_f(rat)

V-

Example :
f(r,t)= time harmonic piston of radius a, amplitude £z

can be represented as boundary value of ®(r,?)
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Define: ®(r,)= Jd)(r,t)ei‘”'dt

o(r,1)= i [B(r.0)k “do

—

Define : ?(r,a}): Tf(r,t)e"”'dt

1 T~ it
Sr0)= g:a[f(r,a))e do
Define: G(r,o)= jG(r,t)e“‘”dt

1 7~ —iot
G(r,t):giG(r,w)e do
(N?(r,w) must satisfy :

(Vz +k2)a(r—r',w):—5(r—r') where &’ :w—;
es0 €
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Green's theorem
Consider two functions A4(r) and g(r)
Note that :I(hvzg —szh)d3r = §(th —gVh)-ad’r
v N
VD + kD =—f(r,w)
(V2 + )G v, 0) =—-5(r - 1)
ho o goG
I(&)(r, @)8(r—r')- GQr -r, o)f(r, a)))d3r =

v

§((T)(r, a))VéQr -r|, a))— éﬂr -
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,a))f(r',a))d3r'+

ED(r,a)) = Iéﬂr -

j;(CT)(r', a))V@Qr —r

S

,a))— GQr - r',a))VEf)(r',a)))-ﬁdzr'
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Treatment of boundary values for time-harmonic force:
O(r,) = J. 5Qr -r), a))}?(r', o)d*r'+
v
§((T)(r' ,0)V' GQr —r

S

Boundary values for our example :
od) | 0 for X’+y’>d’
0z ) liwsa for x*+y* <a’
z=0
Note: Need Green's function with vanishing gradientatz =0:

)= aale—r| dale—7]
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R a))V'&D(r', a)))~ fd*r'

N a))— GQr —r

ik|r—r| ik|r—¥|
e e

GQr—r' wherez'=—z'; z>0




(T)(r,a)) =— j; éﬂr—r'

5:2'=0

, Q)dev dy'
0z

ik|r—r| ik|r—|
€ e = 1
,0)= ————+————  wherez'=—z'; z>0

5Qr—r' -
471"1‘ —r 472"1‘ - r"

ik|r—r'|
e

5Qr—r',a))z,:0 = z>0

27r‘r — r" z’:(];
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CT)(r,a)) =-— j; GQr —r",a))mdx' ay'
S: 2'=0 z
) a y ,Zﬂd ' exk‘rfr"
= —zwga.l[r r .([ @ 72”‘1._1.' B

Integration domain: x'=r'cos¢'
y'=r'sing'
For r >> a; ‘r—r"zr—f'~r'
Assume r isin the yzplane; ¢=12
I =sin 6§ +cos 62

‘rfr"zrffﬁr':rfr'sin&sinq)'

et PHY 711 Fall 2013 - Lecture 29 »
; ik a 27
O(r,0)=— lwea Ljr'dr' Id¢ve—ikr’sin65in¢‘
e
2 0 °

2z
Note that : L J‘d;ﬁ'e”‘"s‘""' =J,(u)
27y,

ikr a
[ rdr'J,(r'sin )

0

~ . e
= dO(r,w)=—-iwsa
”

juduJO (1) =wJ, (w)
0
" J, (kasin 0)

= 5(r,a)) =—iwea’ -
r  kasin@
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Energy flux: j, =ovp
Taking time average : <j(,> = %‘R(&vp*)
=t pRl(-veo)y-ian))
Time averaged power per solid angle :
dP J,(kasin 0)|°

1
e P O A R
<dQ> oy fr =2 poetehal= o
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Time averaged power per solid angle :

APV _ 1.y = L porcptaalhasind)f
aof 2" kasin@
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Effects of nonlinearities in fluid equations
-- one dimensional case

Newton - Euler equation of motion :

ov \Y
o + (V 'V)V =t ptiea — 2

Continuity equation : %’ +V -(pv): 0

Assume that spatial variation confined to x direction ;

assume that v=vx and f =0.

applied
v, ov__1dp

ot Ox p Ox

a—'0+va—'0+p@:0
c(?tt Ox axr ¥ 711 Fall 2013 - Lecture 30 15




@+v@+l(’lp:0

o oOx pox
a—p+v6—p+p@:0
ot Ox Ox

Expressing p in terms of p: p= p(p)

dp Op op N op Op 2
—_—=——= —_— h —=
ox Op Ox ¢(p) ox where ()

For adiabatic ideal gas :

y-1
(p)= 2 coz(pJ where c; = 2o
P Po Po
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2
@+v@+7c (p)a—pzo
ot ox p Ox
a—p+\/a—p+p@:0
ot Ox Ox
Expressing variation v in terms of variation of p:
2
wnap, o, P
op Ot op Ox p  Ox
a—p-kva—p-kpﬁa—pzo
ot ox Op Ox
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Traveling wave solution:

Assume :  p=p,+ f(x—u(p)t)
Need to find self - consistent equations for
propagatio n velocity u(p) using equations

2

vop, wp (P

op ot op Ox p Ox

% + va—p +p v op =0

ot ox Op Ox
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