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Lockdown	
  Challenge	
  

In	
  early	
  2020	
  life	
  as	
  we	
  knew	
  it	
  changed.	
  Life	
  in	
  lockdown.	
  

Stephen	
  Hawking:	
  "Remember	
  to	
  look	
  up	
  at	
  the	
  stars	
  and	
  
not	
  down	
  at	
  your	
  feet.	
  Try	
  to	
  make	
  sense	
  of	
  what	
  you	
  see	
  
and	
  wonder	
  about	
  what	
  makes	
  the	
  universe	
  exist."	
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The	
  Challenge	
  

The	
  Universe	
  is	
  vast	
  and	
  ancient.	
  Large	
  telescope	
  have	
  
imaged	
  galaxies	
  that	
  are	
  billions	
  of	
  light-­‐years	
  distant.	
  
	
  
Is	
  it	
  possible	
  to	
  capture	
  an	
  image	
  of	
  one	
  of	
  these	
  very	
  
remote	
  objects	
  without	
  a	
  telescope?	
  
	
  

(	
  Spoiler	
  alert:	
  Yes,	
  it	
  is	
  )	
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Quasar	
  Survey	
  

	
  
A	
  quasar	
  is	
  the	
  nucleus	
  of	
  a	
  galaxy	
  

that	
  emits	
  enough	
  light	
  to	
  be	
  seen	
  at	
  
a	
  distance	
  of	
  billions	
  of	
  light-­‐years	
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Quasar	
  –	
  ArFst's	
  Impression	
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Quasar	
  Survey	
  

A	
  redshiT	
  of	
  4.315	
  means	
  that	
  this	
  quasar	
  is	
  VERY	
  remote!	
  

Red	
  Blue	
  

This	
  peak	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  has	
  been	
  	
  
redshiTed	
  from	
  	
  	
  	
  	
  	
  	
  	
  	
  1200	
  to	
  6500	
  Å	
  

RedshiT	
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Camera	
  and	
  Tracker	
  

Nikon	
  D7500	
  
300	
  mm	
  f/4	
  lens	
  iOptron	
  	
  

SkyTracker	
  
	
  

The	
  tracker	
  rotates	
  the	
  
camera	
  at	
  1	
  rev/day	
  to	
  
follow	
  the	
  stars	
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Camera	
  and	
  Lens	
  

Note:	
  The	
  Nikon	
  D7500	
  digital	
  SLR	
  camera	
  and	
  300	
  mm	
  f/4	
  lens	
  
are	
  the	
  camera	
  equipment	
  that	
  I	
  use	
  for	
  wildlife	
  photography	
  –	
  
they	
  are	
  not	
  'customised'	
  or	
  'modified'	
  for	
  astrophotography.	
  

If	
  this	
  camera	
  and	
  lens	
  can	
  be	
  used	
  to	
  photograph	
  zebras	
  ...	
  

	
  

	
  

	
  

	
  

	
  

...	
  can	
  they	
  also	
  be	
  used	
  to	
  photograph	
  a	
  quasar?	
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LocaFon	
  in	
  Draco	
  

The	
  quasar	
  is	
  located	
  
in	
   the	
   constellaYon	
  
of	
  Draco.	
  
	
  
The	
   rectangle	
   shows	
  
the	
   field	
   of	
   view	
   of	
  
the	
  300	
  mm	
  lens.	
  

Dra	
  	
  
	
  	
  	
  	
   UMi	
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Expose	
  For	
  2	
  Hours	
  

Rather	
  than	
  take	
  one	
  2-­‐hour-­‐long	
  exposure	
  
lots	
  of	
  shorter	
  exposures	
  were	
  added	
  together	
  

11	
  

The	
  Quasar	
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The	
  Quasar	
  

Just	
  a	
  pixel	
  
of	
  the	
  	
  

20	
  Megapixel	
  
image	
  

Most	
   of	
  
the	
   light	
  
from	
   the	
  
quasar	
   is	
  
focussed	
  
into	
   one	
  
pixel	
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Just	
  a	
  Pixel?	
  

Technical	
  aside:	
  	
  

What	
  resoluYon	
  can	
  we	
  expect	
  from	
  the	
  lens	
  and	
  the	
  camera?	
  	
  

	
  

	
   	
  µ	
  radians 	
  arc	
  sec	
  

	
  300	
  mm	
  f/4	
  lens	
   	
  9 	
  <	
  	
  2"	
  

	
  Nikon	
  D7500	
  DSLR	
   	
  15 	
  	
  	
  	
  	
  3"	
  

	
  

For	
   comparison,	
   at	
   a	
   distance	
   of	
   a	
   few	
   billion	
   light-­‐years	
   the	
  
Milky	
  Way	
  would	
  appear	
  to	
  have	
  a	
  diameter	
  of	
  ~	
  30	
  µrad	
  or	
  6".	
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Barre:	
  Deep	
  Field	
  

This	
   8'	
   x	
   8'	
   crop	
  
contains	
  at	
  least	
  
10	
  galaxies	
  …	
  
	
  
	
   	
   	
   	
   	
  …	
  so	
  the	
  full	
  
image	
  may	
  have	
  
captured	
   about	
  
7000	
  galaxies.	
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"The"	
  Distance	
  

Distance	
  (then)	
  

Distance	
  (now)	
  

What	
  is	
  "the"	
  distance	
  to	
  the	
  quasar?	
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"The"	
  Distance	
  

It's	
  like	
  swimming	
  
against	
  the	
  Yde	
  ...	
   …	
  or	
  an	
  ant	
  walking	
  along	
  a	
  rubber	
  

band	
  that	
  is	
  being	
  stretched.	
  

What	
  distance	
  has	
  the	
  light	
  travelled?	
  
That's	
  tricky:	
  Space	
  conYnues	
  to	
  expand	
  as	
  the	
  light	
  travels.	
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Distance	
  vs	
  RedshiQ	
  

24.6	
  billion	
  
light-­‐years	
  

12.4	
  billion	
  
light-­‐years	
  

4.6	
  billion	
  ly	
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Distance	
  vs	
  RedshiQ	
  

24.6	
  billion	
  
light-­‐years	
  

12.4	
  billion	
  
light-­‐years	
  

4.6	
  billion	
  ly	
  

The	
  light	
  from	
  the	
  quasar	
  has	
  been	
  
travelling	
   for	
   over	
   12	
   billion	
   years	
  
(that's	
  about	
  90%	
  of	
  the	
  age	
  of	
  the	
  
Universe).	
  

While	
   the	
   light	
   was	
   travelling	
   the	
  
Universe	
  conYnued	
  to	
  expand	
  and	
  
so	
   the	
   quasar	
   is	
   now	
   about	
   25	
  
billion	
  light-­‐years	
  away.	
  

The	
   quasar	
   was	
   about	
   5	
   billion	
  
light-­‐years	
   away	
   when	
   the	
   light	
  
was	
  emi1ed.	
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Faster	
  Than	
  Light	
  

This	
  means	
  that	
  the	
  quasar	
  has	
  been	
  receding	
  from	
  us	
   	
  faster	
  
than	
  the	
  speed	
  of	
  light.	
  

A	
  quick	
  back-­‐of-­‐the-­‐envelope	
  calculaYon	
  using	
  these	
  numbers	
  
leads	
  to	
  a	
  very	
  interesYng	
  conclusion.	
  

During	
  the	
   light-­‐travel	
  Yme	
  of	
  12	
  billion	
  years	
  the	
  distance	
  to	
  
the	
  quasar	
  has	
  increased	
  by	
  more	
  than	
  12	
  billion	
  light-­‐years.	
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v	
  =	
  2.2	
  c	
  

v	
  =	
  1.7	
  c	
  

ATer	
  iniYally	
  slowing	
  down	
  a	
  bit,	
  the	
  
quasar	
  is	
  now	
  acceleraYng	
  away	
  from	
  us.	
  

Quasar	
  Velocity	
  vs	
  Time	
  



Ancient	
  Light	
  

	
  	
  	
  Dr	
  Steve	
  Barre1 	
  –	
  6	
  –	
   	
  Sheffield	
  AS	
  	
  8	
  Mar	
  2022	
  

21	
  

The	
  Light's	
  Journey	
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Distance	
  From	
  Us	
  /	
  Gly	
  

Quasar	
  

Us	
  (here	
  and	
  now)	
  

The	
   quasar	
   is	
   receding	
   from	
  
us	
  at	
  twice	
  the	
  speed	
  of	
  light.	
  
	
  
When	
   the	
   light	
   was	
   emi1ed	
  
by	
   the	
   quasar	
   (green	
   dot)	
   it	
  
was	
   'dragged	
   backwards'	
   by	
  
the	
   expanding	
   Universe	
   for	
  
over	
  two	
  billion	
  years	
  before	
  
it	
   started	
   to	
   make	
   headway	
  
and	
  get	
  closer	
  to	
  us.	
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The	
  Quasar's	
  Journey	
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While	
  the	
   light	
  was	
  on	
   its	
  12	
  
billion	
  year	
  journey	
  to	
  us,	
  the	
  
distance	
   from	
   us	
   to	
   the	
  
quasar	
  conYnued	
  to	
  increase.	
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Ancient	
  Light	
  

The	
  light	
  was	
  emi1ed	
  by	
  the	
  quasar	
  1.4	
  billion	
  years	
  aTer	
  the	
  Big	
  Bang.	
  	
  

It	
   had	
  already	
  been	
   travelling	
   for	
  nearly	
  8	
  billion	
   years	
  when	
   the	
  Sun	
  
and	
  the	
  Earth	
  were	
  born.	
  It	
  conYnued	
  on	
  its	
  journey	
  through	
  the	
  void	
  
for	
  another	
  4.5	
  billion	
  years.	
  	
  

Life	
  evolved	
  on	
  Earth.	
  The	
  light	
  travelled	
  on.	
  	
  

Dinosaurs	
  came	
  and	
  went.	
  The	
  light	
  travelled	
  on.	
  	
  

In	
  the	
  last	
  million	
  years	
  of	
  its	
  journey	
  it	
  arrived	
  at	
  the	
  edge	
  of	
  our	
  Milky	
  
Way	
  galaxy,	
  crossed	
  a	
  few	
  spiral	
  arms,	
  and	
  entered	
  the	
  Solar	
  System.	
  	
  

In	
   its	
   last	
   few	
   hours	
   it	
   finally	
   arrived	
   at	
   Earth,	
   travelled	
   through	
   the	
  
atmosphere	
  in	
  a	
  fracYon	
  of	
  a	
  second,	
  hurtled	
  towards	
  England,	
  dodged	
  
a	
  few	
  clouds,	
  and	
  entered	
  the	
  lens	
  and	
  hit	
  the	
  camera	
  sensor.	
  

Just	
  a	
  pixel	
  in	
  the	
  image	
  …	
  but	
  what	
  a	
  journey!	
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