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1964, 1965:

NRL rocket flights.
10 sources, including Cyg X-1.
Bowyer et al. 1964, 1965.



December 12, 1970.

Giacconi launches Uhuru, 
X-ray astronomy.



April 15, 1971.

Tananbaum et al. 1971.
Refined position,  variability. 
Via first 3 weeks of Uhuru data.  



April 28-29, 1971.
Westerbork observes Cyg X-1 (Braes & Miley 1971).
Variable radio source.  Small error box.
HD 226868 suggested as counterpart.



August 12, 1971: B0Ib counterpart.
(Murdin & Webster 1971).

Nov. 17, 1971: 
5.6-day period, mass function.
(Webster & Murdin 1972).

Bolton et al. 1972 confirms.

Suggestions of black hole nature.



Tananbaum, …, Jones 1972.

16 months of Uhuru observations.
X-ray states.
X-ray / radio anti-correlated.

“Taken literally … a black hole.”



Early Uhuru: Tananbaum et al. 1971





● Black hole “states”.

● Accretion disks.

● Disk-jet connections.

● Feedback.

● Evolution.

● Connections to AGN types.
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The first relativistic Fe K line

Cygnus X-1 (EXOSAT)          Barr, White, & Page 1985

Fabian et al. 1989



Cygnus X-1: Chandra and NuSTAR
Walton et al. 2016

also see Miller et al. 2002



X-ray-Radio Connections: Disks and Jets
The “fundamental plane” 
of black hole accretion.

Stellar-mass black holes, 
including Cygnus X-1:

Elena Gallo et al. 2003.

Tananbaum ++ 1972  
really the point of origin.

Now a subfield unto itself.

Merloni, Heinz, Di Matteo 2003
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X-ray-Radio Connections: Disks, Winds, and Jets
Winds and jets may be 
regulated in the same way. 

Extends across the black 
hole mass scale.

Potentially a complete recipe 
for feedback:

Radiation + winds + jets.

King, Miller, ++ 2013



The Impact of Cygnus X-1: raw numbers

Search term(s) hits citations

Cygnus X-1 2802 50,720

black hole + X-ray 19,130 398,000

black hole + X-ray + disk 7920 224,850

black hole + X-ray + state 4338 102,170

black hole + X-ray + radio 4035 95,880

black hole + Chandra 3640 48,055



Claude Canizares
Cygnus X-1 was an X-ray astronomer’s dream 
come true! 

A clean binary system, very bright optically as well 
as in X-rays, and with enigmatic rapid, chaotic 
variability clearly distinct from the pulsating sources 
like Her X-1. 

Of course, it also soon became the strongest 
candidate for a stellar mass black hole.

(MIT News Photo)



Roger Blandford
The demonstration that the rapidly variable X-ray 
source Cyg X-1 provided very strong circumstantial 
evidence for the actual existence of black holes 
stood out, even in a steady stream of enduring 
astronomical and cosmological discoveries at that 
time. 

In retrospect, it was an excellent early example, like 
the discovery of quasars, of what we now call 
multi-wavelength astronomy with radio and optical 
observations complementing the technical brilliance 
and acute insights of Riccardo, Harvey and their 
colleagues.

(Stanford University News photo)



I did not have the honor of knowing Riccardo Giacconi.

But, the field and scientists that he launched … have made science 
possible for me, and for and countless others.

I am especially grateful to Harvey Tananbaum.

Thank you, Harvey, and Dr. Giacconi, and many more.



Ivica Miskovicova et al. 2016

Chandra: The O9.7 Iab Companion Wind




