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The apparently superluminal jet of M87:

https://stsci-opo.org/STScl-01EVVP5H3659JD1BKBBWAXSESS.jpg

via https://hubblesite.org/contents/media/images/2000/20/968-Image.html
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Superluminal Motion in the M87 Jet

24 light yrs

Sequence of Hubble images showing apparent
motion at six times the speed of light in the
galaxy M87. TOP PANEL: Hubble image
showing jet streaming out from the galaxy's
nucleus [bright round region at far left]. The
jet is about 5000 light years long, and the box
indicates where the superluminal motions
were seen. BOTTOM PANEL: Sequence of
Hubble images showing motion at six times
the speed of light. The scale bar is 24 light
years long, which is approximately the
distance the clouds appear to travel in 4 years.
The images were made between 1994 and
1998 with the Faint Object Camera on the
Hubble Space Telescope. PHOTO CREDIT: John
Biretta, Space Telescope Science Institute.

https://www.stsci.edu/ftp/science/m87/color5.gif

https://www.stsci.edu/ftp/science/m87/m87.html
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Superluminal Motion in the M87 Jet
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Sequence of Hubble images showing apparent
motion at six times the speed of light in the
galaxy M87. TOP PANEL: Hubble image
showing jet streaming out from the galaxy's
nucleus [bright round region at far left]. The
jet is about 5000 light years long, and the box
indicates where the superluminal motions
were seen. BOTTOM PANEL: Sequence of
Hubble images showing motion at six times
the speed of light. The slanting lines track the
moving features, and the speeds are given in
units of the velocity of light "c." The images
were made between 1994 and 1998 with the
Faint Object Camera on the Hubble Space
Telescope. PHOTO CREDIT: John Biretta, Space
Telescope Science Institute.

https://www.stsci.edu/ftp/science/m87/bw3.gif

https://www.stsci.edu/ftp/science/m87/m87.html
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Suppose a (part of a) jet is coming more or less
(but more more than less) towards us at a velocity v and an angle 0:

;i’app = vAtsin 6 66

CAté

then the observed time between two light emissions with an interval of At is:

Atapp _ cAt—vAt cos 6 _ At(l . ,8 cos 0)

Cc

hence the apparent transverse velocity equals:

. _ fapp _ vAtsin® . B __ PBsin®
app — Atgpp ~ At(1-Bcos@) ~~ FaPP  1_gcoso
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Apparent transverse velocity:

__ Psiné
ﬁapp - 1-f cosO
then:
dﬂapp _ (1-Bcos8)-(BcosB)—(Bsinh)-(Bsin6) _ p cos 60—B2 cos? 0—B2sin? 6 _ Bcos 0—p?
do (1-B cos 6)2 (1—pB cos 0)? (1—p cos 8)2
. cos(0)-pB
=P (1-p cos 8)2

Maximum for given [ is at:
cosf = - 0 =arccospf
The value of this maximum is:

__ PBsin(arccosB) _ pJy1-p* B
ﬂapp,max - 1-Bcos(arccosB)  1-B% \J1—32 =Py

Now Yy becomes very large when f approaches 1,

so a subluminal jet coming towards us can show
an apparent superluminal transverse velocity.
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Critical point for apparent superluminality:

__ psin6 ] ] .
,Bapp—l_ﬁcose—l s fBsinfd =1—Lcosb

sin@ +cosf =~ =—— . \/isin(9+%): L

5 cos 6 cos 6
sin (9 -+ %) cos O = %ﬁ

Meaningful solution:
0="=45 - B=WZ - y=v2
See next page for a more complete overview, from which | estimate that:
the apparently superluminal portion of the M87 jet

probably comes towardsusat = 0.99 & 6 = 14°.

Ceterum censeo superluminalitatem esse delendam.
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