General Relativity, Einstein & All That (GREAT)

First, load the package
nE2)= << GREAT. m

GREAT functions are: |IMtric, Christoffel,
Ri emann, Ricci, SCurvature, EinsteinTensor, SqRicci, SqRi emann.

Enter ' hel pGREAT' for this list of functions
Brief on-line help isavailable for all functions:
?1Metric

I Me t[g],iwé tgha nn.n-mat r(ti wd o wie nd i),
ret utrmiesnv emetertiveoppeémndi)ces

m A sample calculation
First define the coordinate n-vector:
n@2l= X = {t, r, 6, ¢}
outaz= {t, r, 6, ¢}
and then specify the metric as a square nx n matrix:

afti?

o= [met = {{-1, 0, 0, 03, {0, 0, 0},

1-(k[t]) r2’
{o, 0, art1?r? 0}, {0, 0, 0, a[t]1?r? (Sin[e])?}}| // MatrixForm

Out[96]//MatrixForm=

-1 0 0 0
aft]? 0 0
1-r2k[t]

0 0 rzaft 2 0

0 0 0 rzaft]2sin[e)?

"I Met ri c" istheonly 1-argument function:
npsk= | Metric[met] // MatrixForm

Out[98]//MatrixForm=

-1 0 0 0
2
1-r k[zt] 0 0
aft]
1
0 0 r2aft)? 0
Csc[0]2
0 0 rzaft)?

All other "functions" take two arguments, the metric matrix and then the coordinate vector:



2| timedependent.cdf

neor= Chri stoffel [net, x]

aft] ((2-2r2k[t])a(t]+r2aftik[t])

out[99]= H{O 0, 0, 0}, {O’ 2(7l+l’2k[”>2

{0, 0, r?aftja’(t], 0}, {0, 0, 0, r?aft] Sin[e]za’[tJ}},
2a'[t]-2r2k[t]a [t Zart] k't
{{01 a’ft] rekftjaft]+reaflt] []’0’0}’
2at]-2r2aft] k[t]
{Za’[t}72r2k[t]a’[t}+r2a[t}k’[t] rkit] 0 0}
2art]-2r2aft]k[t] T1or2kpty
{0, 0, r (-1+r2kit]), 0}, {0, 0, 0, r (-1+r2k(t]) Sin(e)?}},
a’ft] 1 a[t] 1
0, 0 ol, [0, 0 =, 0 , —, 0 0!, (0,0 0 -Cos[e]Sin[e]}},
o0 31 o) foo. 2oo) (2120 ) )
a[t] 1
0, 0, 0 0,0, 0 —!, (0, 0,0, Cot[o]} =, Cot [6], O
o002} 000 ) £, 3 W

noop= Ri emann[met, X]

outL00)= {{{{0 0, 0, 0}, {0, 0, 0, 0}, {0, 0, 0, 0}, {0, O, 0, 0}},
({0, —(a[t] (-4r% (-1+r?k[t])at]k[t]+4 (-1+r2k[t])?a’[t]+
aft] (3rfk(t12-2r2 (-1+r?kit])k7t1))) /(4 (-1+r?k(t1)%), o, 0},
[(alt] (-4r2 (-1+r?k[t])a [t ]k [t]+4 (-1+r2k[t])%a"[t]
alt] (3rfk/[t12-2r2 (-1+r2k(t]) k7(t1))) /(4 (-1+r2k(t1)%), 0, 0, 0},
r3afti]?2k [t]
{0, 0, 0, 0}, {0, 0, 0, 0}}, {{o, 0, r?aftja’(t], 0}, {0, 0, EPPPITT 0},
r3aft]2k [t]

PRPPrI 0, o}, [0, 0, 0, 0}},

{7r2a[t}a”[t},

Sa[t]2sin(e]?k'[t
{{o, 0, 0, r?ajtysine12aiti}, {o, 0, 0 ranEAner el J}
-2+2r2k[t]
r3a[ti?sin(e]?k’ [t]
0. 0}}}

2-2r2k[t]

(0, 0, 0, 0}, {7r2a[t} Sin[el2a’(t],

{{{0, (<412 (~1+r?kit])a [tk t]+4 (- 1+r2k[t}) ana
aft] (3rfk/(t12-2r2 (-1+r2k(t]) k7[t]))/ (4alt] (-1+r2k(t])?), 0, O},
{(4r2(71+r2k[t])a’[t]k’[t}74(—1+r2k[t}) a’[t] +
aft] (-3r*k(t12+2r2 (~1+r2k(t]) k7(t1)) /(4art] (-1+r2kt1)?), 0, 0, 0},
{0, 0, 0, 0}, {0, 0, 0, 0}}, ({0, O, 0, 0}, {0, 0, O, 0}, {0, 0, O, O}, {0, O, 0, 0}},
1 1
{{0, 0, —r3k'[t], 0}, {o, 0, ——
2 -2+2r2kJt]

r2(2r2k[t)2+2k[t] (-1+r2a’[t]?)-a’[t] (2a'[t]+r%alt]k/[t])),

1 1
o}, {——r3k’[t], S —
2 ~2+2r2KJt]
2 (—2r2k[t12+k[t] (2-2r2a’[t]%) +a'(t] (2a'[t]+r2a[t]k[t])), O, 0},
1 1
{0, 0, 0, 01}, {{0, 0, 0, —r3Sin[e1?k’[t]}, {0, 0, 0, ———M8M ——
} H 2 } { —2+2r2k[t]

2sin[e]® (2r2k[t]?+2k[t] (-1+r?a’'[t]?) -a'[t] (2a'[t]+r?a[t] k’[t}))},
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1 1
(0, 0, 0, 0}, {—fr3Sin[e}2k’[t], S —
2 —2+2r2KJt]
r2sin(el? (-2r2kit]12+k[t] (2-2r2a’[t1?) +a’[t] (2a'[t]«r2aft]k'(t])), o, o}}},
an k' [t an k' [t
({fo.-0. S 0h foo o) (S 0 0],
aqt] —2+2r2kJt] aft]  2-2r2kj[t]
r k[t]
(0, 0, 0, 03!, {{o, 0, —————— o},
}H -2+2r2kJt) }
K[t ] a'[t] ((2-2r2k[t])a(t]+r?aft]k[t])
{o,o, - ,o},
SLar2k(t] 2 (-1+r2kt])?
rko[t] K[t ] a't] ((2-2r2k[t])aft]+r?art]k[t])
{ : + . 0, 0},
2-2r2k[t] 1-r2k[t] 2 (-1+r2k[t])?

{0, 0, 0, 0}}, ({0, 0, 0, 0}, {0, 0, 0, O}, {0, O, O, O}, {0, O, O, O}},
{{0, 0, 0, 0}, {0, 0, 0, 0}, {0, 0, O, r2Sin(e]? (k[t]+a'[t]?)],
{0, 0, -r?sin(e)? (k[t]+a’'[t]?), 0}}},

a”[t] r ki[(t]

0, 0, 0, , {0, 0,0, —— L (0, 0, 0, 03},
{{{ a[t]} { 72+2r2k[t}}
ar k't k't
o e ool (oo )
aft]  2-2r2kjt] ~2+2r2KkJ[t]
K[t a'[t] ((2-2r2k[t])aqt]+r2at]k[tl)
{o, 0, 0, - } (0, 0, 0, 0},
“1ar2K[t] 2 (-1+r2kpt])?
rkort] K[t ] a’[t] ((2-2r2k[t])aft]+r2at]k[t])
{ ' + . 0, 0}},
2-2r%k[t] 1-r2K[t] 2 (-1+r2k(t])?

{{0, 0, 0, 0}, {0, 0, 0, 0}, {0, 0, O, -r? (k[t]+a'[t]?)}, {0, 0, r? (k[t]+a'[t]?), O}},
({0, 0, 0, 0}, {0, 0, 0, 0}, {0, 0, 0, 0}, {0, O, O, 0}}}}

noi= Ricci [met, x]

ounons {{ (412 (~1ar?kit])a[t]k[t]-12 (-1+r2k(t])*a’(t] «
r k't
aft] (-3rfk/[t]2+2r% (-1+r2k[t])k'[t])) /(4aft] (71+r2k[t})2), T )
1-r2k([t)
. } { rk[t] 2Kk[t] a'ft] ((2-2r2k[t])at]+r?a[t]k[t])
L 1 ’ + B
1-r2k[t] 1-r2k[t] (-1+r2kpt])?

(aft] (-4r? (-1+r?kit])a[t]k[t]+4 (-1+r?k[t])"a”[t]+
aft] (3rtkit12-2r2 (~1+r2kit1)k7(t1))) /(4 (-1+r?kit1)%), o, o},
1

{0, 0, ———r2 (4r2k[t12-4a'[t]12-r2aft]a [tk [t] -

—2+2r2kJt]

2artja’(t]+2k(t] (-2+2r2a[t]2+r%aft]a’t])), 0},
1
{0, 0,0, ——————r2Sin(e]? (4r2k[t]1>-4a’[t]1>-r?aft]a [t] k' [t] -
-2+2r2kJt]

2aftja’[t]+2k[t] (-2+2r2a’[t]2+r2a[t]a“[t]))}}
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inf1o21= SCurvature[met, x]

1

out[102]=

2a[t]2 (-1+r2k[t])?

1)
(12r%k[t]®+12a'[t]?+8r?aft]a[t]k[t]+12rk[t]? (-2+r2a’[t]?+r%aft]a’[t]) +
alt] (3rtaft]k/[t]?+12a”[t]+2raft]k’[t]) -
2k[t] (-6+12r%a’'[t)?+4r*a[t]a [tk [t]+12r%aft]a’[t]+r*a[t]?k[t]))
no3i= Ei nst ei nTensor [met, x]

3r2k[t]?+3k[t] (-1+r2a’[t])?)-a'[t] (3a'[t]+r?a[t]k [t]) rke[t)
Out[103]= {{

, . 0, 0},
aft]? (-1+r2k[t]) 1-r2k[t]
r k[t k[t]+a'[t]?+2a[t]a’[t
{ ”,H+H+[][],o,o},
1-r2k([t) ~1+r2k[t]
1
{0, 0, - r2 (4rtkit13c4a(ti2«6r2atiatikt]+4r2kt]?

4 (-1+r2k(t])?
(-2+r%a’[t)?+2r2aftja’(t]) +a[t] (3rta[t] k' [t]*+8a’[t]+2r%at]k’[t]) -
2k([t] (-2+4r?at]?+3rtat]a[t]k[t]+8r?aftja’[t]+r*a[t]?k"[t])), o},
1

{0, 0, 0, - r2sinfe)? (4rtkit1®+4at]?+
4 (-1+r2k(t])?

6raft]a(t]k[t]+4r?k(t]? (-2+r2a’[t]?+2r%aft]a’[t])+
alt] (3rtaft]k/[tj?+8a’[t]+2r2aft]k’[t]) -

2k[t] (-2+4r2a’(t]?+3r%aft]a’ [tk [t]+8r2alt]a’[t] +r4a[t]2k”[t]))}}
no4:= SQRi cci [met, X]

1

Out[104]=

16aft]4 (-1+r2k(t])*

32r2at)? (-1+r2k(t]) Kk [t12+8 (-1+r2k(t])® (-4r2k(t]2+4a(t]?+

rZaftja[t]k’[t]+2a[t]a’[t]-2k[t] (—2+2r2a’[t}2+r2a[t]a"[t]))2+
aft]? (4r2 (-1+r2k(t])a(tikt]-12 (-1+r2kit])?a’t]+
aft] (-3r4k[t)2+2r2 (-1+r2k[t]) ko [t]))%+

2kt a'[t] ((2-2r2k[t])a[t]+r2aft]k/[t)
16 (-1+r2k[t])° ty (( ) )

1-r2kJt] (-1+r2kt])?

1

aft] (74r2 (71+r2k[t})a’[t} kK'[t] +
2 3
4 (-1+r2k[t])

2
4 (-1+r2k[t])%a’[t]+aft] (3rék[t12-2r% (-1+r2k[t]) k”[t]))] J
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n[1os)= SQRi emann[met, X]

1 , 64rZaft]?k[t]?
oufios: ————— (64 (k[t] +a’[t }2) + +
16 a[t 4 “1+r2k[t]

32 (2r2k[t]%+2Kk[t] (-1+r%a'[t]?) -a[t] (2a'[t]+r?a[t] k'[t]))2

+

(-1+r2k[t])?

1
128aft]?a’[t]?+ ————3aft]? (-4r? (-1+r?k[t])a[t]k[t]+
(-1+r2k(t])?

4 (-1+r2k(t])?

1

a’(t]+aft] (3rék(t12-2r2 (~14r2kt]) k7 (t1))%+

aft]? (4r? (-1+r2k[t))a [tk [t]-4 (—1+r2k[t])2a”[t} +

(-1er2kpty)?

aft] (-3r4k[t)2+2r2 (-1+r2k(t]) k7 (t]))?

The above "functions' do perfforma Si npl i f y[] on the result, but you may want to further manipulate the
expression into something that may be more

usabl e, depending on the particular application.

Note: Einstein Equations employed here is Rab--gab*R=8GTab, where missesa minus sign, and the Ricci

tensor is defined alittle different from the one uesed in the Textbook, there is one more minus sign in fron t

of the definition. So in the end the result remains the same.



