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L] .
[IpyuMep MCHOJNIBESOBAHMSI IakeTa wxMaxima

AJIA WJILJIIOCTpAannM BRIBOIOA MEeTPHUK
llBapmuumnbrna m PemccHepa-HopacTpéMma

7 (%i1) kill(all);

; (200) done

7 (%11) load(ctensor);

| (%01)

| C:/PROGRA~1/MAXIMA~1.0/share/maxima/5.30.0/share/tensor/ctensor.mac

{f MOXHO BOCIIOJIb30BATLCA byHKLMEN csetup

L

(%$12)
Enter the dimension of the coordinate system: 4;

csetup () ;

Do you wish to change the coordinate names?y;
Enter a 1list containing the names of the coordinates in order
[t,r,theta,phi];

Do you want tol. Enter a new metric?2. Enter a metric from a file?3. Approxi

Matrix entered.

depends ([A,B], [r])
Do you wish to see the metric?y;

Enter functional dependencies with DEPENDS or

1;

Is the matrix 1. Diagonal 2. Symmetric 3. Antisymmetric 4. General
Answer 1, 2, 3 or 4 1;

Row 1 Column 1: B;

Row 2 Column 2: -A;

Row 3 Column 3: -r"2;

Row 4 Column 4: -r”2*sin(theta)”*2;

"N' if none

B O 0 0
0 -A 0 0
0 0 -r2 0
0 0 0 -r2sin(g)?

"N TN

N

(%02)

done

HO Jiydlne STV KOMaHIbl BBECTVM BPYUYHYIO:

)

o o©

o k-
O W

(%11)
($01)

47C:/PROGRA~1/MAXIMA~1.O/share/maxima/5.30

kill(all);
done

load(ctensor) ;

.0/share/tensor/ctensor.mac
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? (¥12) ct coords:[t,r,theta,phi];
. (802) [t,r,0,¢]
~ (%13) depends([A,B], [r]);

(303) [A(r),B(r)]

7 (%14) lg:matrix([(8B,0,0,01,10,-7A,0,0],(0,0,-r*2,0],[0,0,0,-r"2*sin(theta) 2]

B 0 o0 0 |

0 -4 0 0
(504) 0 0 -r2 0

0 O 0 -r2sin(g)?

7 (%$15) cmetric(true);
Do you wish to see the metric inverse?y;

) _
— 0 0 0
B
1
0 —-— 0 0
A
(%tH) 1
0O 0 -— 0
r2
1
0 O 0 -
rzsin(e)2

($05) done

{? CuMmBoOJiEl KpucToddbemns:
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7 (%$16) christof (mcs);
i d
— B
dr
(%t6) mcsl/1/2=ﬁ
d
dr
(%t7) mc51,2,1:2B
d
dr
(%t8) IHCSZ/2/2=H
1
(%t9) IHC82/3/3=;
1
(5tl0) mcsy 4 4=—
7 7 r
r
(%tll) mCSBIBIZ:_Z
cos(0)
(%3tl2) mcs =
Sedod sin(@)
rsin(e)2
(%3tl3) mcs =-
4,4 ,2 A
(%5t14) mcs4/4/3=—cos(e)sin(e)
B ($014) done

KOBapMaHTHbIe KOMIIOHEHTEI TeH30pa Puyum:

"N TN

($115) ricci(true);
d2 da \ (d d d
B |—B All— — B
) d r2 dr dr dr dr
(3tl5) ricy 1= +
’ 2 A 4 AB 4 a2 rA
d2 da ¥ (d d d
B |—B —A||l—B| —A
) d r2 dr dr dr dr
(3t16) ricy = + + +
’ 2 B 4 B2 4 AB rA
d d
(5t17) ri ar 4 L)
% ric = + -
3,3 2 AB > a2 A
T in(g)? L a
rsin — r sin — .
, dr dr sin(g)? , 2
(5t18) ricy 4= + +s1in(0)
’ 2AB 2 a2 A
B ($018) done

K CMellaHHbBIE KOMIIOHEHTEI TEeH30pa Pryuuum:

w
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77(%i19) uricci (true) ;
g2 a \? d d
2 rAB B|-rA|—B| +|4A-r|—A||B|—B
d r? dr dr dr
(%t19) uric1 1=
’ 4 r A% B?
d2 d d d d 5
2 rAB B|-rA|—B| -r|—A|B|—B|-4|—A|B
d r2 dr dr dr dr
(%t20) uric2 2=
’ 4 r A% B?
d d 5
rA|l— B|+| -r|—A|-2A“+2 A|B
dr dr
(¥t21) uricsy 3=
’ 2r’a°B
d d 5
rA|l—B -r|{—— -2 A“+2 A|B
dr dr
(3t22) uricy 4=
’ 2r’a°B
| (%022) done

KopapmaHTHEE KOMIIOHEHTE TEeH30pa JVHIITEeVHA :

(%123) leinstein (true);

"N TN

(%t23) lein1/1=

(%t24) lein2 ,2:

o(emaaea)ea(oaf e aoEa) o2 () )

(%t25) lein3 3=
’ 4 A? B?
(%t26) lein4/4=

S L e R E R e ) DRI R
rsin()" |2 rAB B|-rA|l— +|2A-r|—A||B|—B|-2|— B
d r2 dr dr dr dr

4 A% g2

(%026) done

{? CMellaHHBIE KOMIIOHEHTHE TeH30pa JVHITEeMHaA :

/

9
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e

"N TN

N

(@2
~
Ne

(%127) einstein(true);

d 2
r|—A|[+A°-A
dr

(%t27) einl ,1:

r? a2
d
r(B)Hl—A)B
) dr
(5t28) ein, o=
’ r’AB
d2 d d d d 5
2 rAB B|-rA|—B| #|2A-r|—A||B|—B|-2|—A|B
d r2 dr dr dr dr
(%$t29) ein3 3=
’ 4 r A® B?
d2 d d d d 5
2 rAB B|-rA|—B| #|2 A-r|—A||B|—B|-2|—A|B
d r2 dr dr dr dr
(%t30) ein4 4=
’ 4 r A® B?

(%030) done
CraTnuuHoe CcoepruuecKM—-CUMMETPUUHOE PEeleHMe ypaBHeHUd OMHmTelHa 0e3 Bapdna

($131) ode2(ev(lein[l,1],theta=%pi/2),A,r);
(%031) log(A)-log(A-1)=log(r)+%c

(¥132) logcontract (%) ;

A
%032) 1 — =1 + %
(3032) og(A_lj og(r)+ %c

($133) solve (%,A);

(3033) [A=—"]

(ObynmeM MOJIb30BATbLCHA TPAHMUHBIMY YCJIOBMAMM IJiS ONpelesieHMsS KOHCTAaHT,
npy oToM i ynoOcTBa BhUMcIeHUM G=c=1)

(%134) %,%c=-log(2*M);

(5034) [A=——"]

($135) A:%[1],%c=-1log(2*M) ;
A

r
NP
2 M

(%136) ode2(ev(lein[2,2],A),B,r);
log(r) log(r-2 M)j

(3035)

°

(2036) B=%c Se ( 2 M 2nu
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e

e

N

"N N NN

($137) logcontract (%),

$c(2M-r)
(3037) B=—————
r

(McnoJib3yeM TI'paHMuHbBle ycJoBuA AB=1, oTkyIa HalléM KOHCTAaHTY %C. 3aTeM MOoJyu
MOOCTaBMM B IPaByl YacTh YPAaBHEHMs BHIIe, UTOOH MNOJIyUUTb QYHKUMIO B)

($138) B:ev (%, %c=rhs(solve(rhs (%) *rhs(A)=1,%c) [1]));
2M-r
(%038) B=-
r

[lpoBepMM, YIOOBJIETBOPSIT JIM [OJIYUeHHBEe OQYHKUMM A UM B 3eMy ypaBHEHUIO:

(%139) factor(ev(ev(lein[3,3]1,A,B),diff));
($039) O
TakuMm obpa3zoM, MeTpuueckum TeHz3op lBapummiabna (1916)):

(¥140) lg:ev(lg,A,B);

2M-r 1
- 0 0 0
r
r
0 - 0 0
(3040) 2(r_1)M
2 M
0 0 - r2 0
0 0 0 -r2 sin(g)?

($141) ug:invert (1lqg);

. _
- 0 0 0
2M-r
r
2(—1)M
2 M
0 -—F— 0 0
(%041) r
1
0 0 -— 0
2
1
0 0 0 -
r? sin(e)2
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77(%i43) wxplot3d([r*cos(th),r*sin(th),l-ev(ug[l,1],M:2)],[r,5,50], [th,-%pi, %¢

Dr-omtric function
-0.9
-0. -15
-1 .
z 7 :gg
($t43) o -3,
-3 -
-60
(3043)
” Bumenem Ternepb MeTpUKy C yd4é€TOM 3apdla. byldeM CuuTaTh,
4TO TEH30p SHEePIUMM-UMIYJbCa YyXe M3BeCTeH
(cm. C.YM. T'maseplpuH, "Beeon MeTpuku Keppa-HeomanHa')

7 (2i1) kill(all);
(%00) done
L (%$11) load(ctensor);

(%01)
C:/PROGRA~1/MAXIMA~1.0/share/maxima/5.30.0/share/tensor/ctensor.mac

? (¥12) ct coords:[t,r,theta,phi];
. (802) [t,r,0,¢]
~ (%13) depends([A,B], [r]);

(303) [A(r),B(r)]

7 (%14) lg:matrix([(8,0,0,01,10,-7A,0,0],(0,0,-r*2,0],[0,0,0,-r"2*sin(theta)"2]

B 0 0 0
0 -A 0 0
(%04)
0 O -r? 0
0 O 0 -r2sin(g)?
7 (%i5) cmetric();
B (%05) done
? (%$16) christof (false);
(%06) done



[IpUMEep . Wxm 8 / 9

7 (%i7) uricci(false);

B (%07) done

? (%$18) eilnstein(false);
(%08) done

7 (%19) solve(ode2(ein[1l,1]=g"2/r"4,A,r),RA);

r2

(%09) [A=——"""]
r’-%cr+qg?

7 (3i10) %, %c=2*M;
r2

(5010) [A= ]
-2 rM+r?+q°

7 (5111) A:S[1],%c=2%M;

r2

(3011) A=
-2 rM+r?+qg?

Y (%112) solve (ode2 (ev(ein[2,2],A)=g"2/r"4,B,r),B);

2 %ch—%ch—%cq2
(%012) [B= ]
72

(onsaTb Xe U3 TPAHUYHBIX YCJIOBUN)

"N TN

(3113) %,%c=1;

2rM—r2—q2

(3013) [B=

" (%i14) B:%[1],%c=1;

(30l4) B=

77(%i15) expand (B) ;

2M g
(3015) B=-———+—+1
r r2

” (s3i16) factor (ev(ev(ein[3,3]+g"2/r"4,A,B),diff));

{? Merpuka PemnccHepa (1916)-HopmncTpéma (1918):



[Iprmep . wxm

' (2117)
(2017)
? (2118)
(2018)

lg:expand(ev(lg,A,B));

2M g2
——+q—+1 0
r r2
r2
0
-2 rM+r?+qg?
0 0
0 0

1
5 0 0
2 M
r——+g—+l
r L2
2M g2
0 e
r r2
1
0 0 -—
r2
0 0 0 -

0 0
0
-r? 0
0 -r2?sin(@)
0
0
0
1
r? sin(e)2

9
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