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by Hayley Miller

It’s hard to believe we are
three monthsaway from hosting
this year’s GA! The GA Orga-
nizing Committee has worked
hard to ensure this GA is green,
inclusive, and First Nations
and youth focussed. The GA is
a good time to meet new mem-
bers, re-
connect
with old
ones,
and sup-
port the
space
and as-
tronomy
com -
munity
here in
BC
across Canada.

We have a diverse line up of
speakers such as Bob McDon-
ald and Jess Mclvor, public
events such as our Youth Out-
reach/Novice Astronomers of

and

MARCH 12 SFU
Alan McConnachie of the Domin-
ion Astrophysical Observatory: Into
the future with the CFHT!. Room
SWH10041. SFU

All Ages Day and workshops
such as Beginner’s Astro Ima-
ging.

We are now recruiting volun-
teers and reaching out to Girl
Guides, high school students
and university students. Volun-
teers are needed to help regis-

ter and greet guests, sell mer-
chandise, and stand by to float
wherever they are needed.

We are pleased to announce
that free excursions on Mon-

day, June 8th have been added

APRIL 9 SFU
Speaker TBA. Watch Meetup for de-
tails. Room SWH10041.

SFU

to the GA. We are offering a
guided bird watching tour in
North Vancouver in the morn-
ing followed by a tour at Tri-
umf at UBC in early afternoon
and a late afternoon behind-
the-scenes tour at Science
World (which will include a
iMAX film of
the Apollo 11
mission).
Coquitlam
Executive Inn
Hotel
are

rooms
booking
up and ticket
sales in gen-
eral have been

good!
G A
T-shirts will

be available for purchase on
Eventbrite in the next few
weeks.

More details of the GA can
be found on our website:
ga2020.rasc-vancouver.com ¥

MAY 14 SFU
Vancouver Centre member Bill Burn-
yeat will speak. See Meetup for de-
tails. Room SWH10041.

SFU


https://www.meetup.com/astronomy-131/events/hfjttqybcfbqb/
https://ga2020.rasc-vancouver.com/
https://www.meetup.com/astronomy-131/events/hfjttqybcgbmb/
https://www.meetup.com/astronomy-131/events/hfjttqybcgbmb/
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Photos by Haley Miller

International Women’s Day Girl Guide Event

For the first time in its history,
The rRAsc Vancouver Centre par-
ticipated in International Woman’s
Day.

Six female volunteers—Suzan-
na Nagy, Hayley Miller, Jennifer
Kirkey, Marina Miller, Meredith
Miller, and Janelle Berry—joined
Girl Guides BC of all ages and their
adult Guiders in a hands-on career
adventure at the downtown campus

of Vancouver Community College.

Participants explored cool ca-
reers, met female role models, par-
ticipated in interesting activities,
connected with new friends, and
more...

We set up The Jim Bernath Me-
teorite Collection and talked about
everything from old meteorites
that wiped out dinosaurs to current

space news like the new tiny moon

by Hayley Miller
that has been orbiting the Earth for
the last three years.

We also took this opportunity
to talk about volunteering at our
upcoming G.A. for our Youth Out-
reach/Novice Astronomer of all
Ages Day on Sunday, June 7 and
managed to sign up a few space en-
thusiasts.

Opverall it was a fun day for every-
one that came out. ¥
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President’s Message

Well, we are now just three
months away from hosting the
2020 rasc General Assembly
and preparations are getting into
high gear. Our GA committee, led
by Haley Miller, has been working
hard to get the speakers, venues,
accommodations, sponsors, and
merchandise in place for June Sth.
We have a terrific lineup of speak-

About RASC

The RASC Vancouver Centre meets at 7:30
PM on the second Thursday of every month at
SFU’'s Burnaby campus (see map on page 4).
Guests are always welcome. In addition, the
Centre has an observing site where star parties
are regularly scheduled.

Membership is currently $89.00 per year
($52.00 for persons under 21 years of age;
family memberships also available) and can
be obtained online, at a meeting, or by writing

ers, including planetary scientist
and astrophysicist Sara Seager and
science journalist and broadcaster
Bob McDonald. For a full list of
speakers, see https://ga2020.rasc-
vancouver.com/speakers/

This will also be a green GA,
with
encouraging people to

incentives ranging from

bring

their own mugs to wooden name

to the Treasurer at the address below. Annual
membership includes the invaluable Observer’s
Handbook, six issues of the RASC Journal, and,
of course, access to all of the club events and
projects.

For more information regarding the Centre
and its activities, please contact our PR. Director.

NOVA, the newsletter of the Vancouver
Centre, RASC, is published on odd-numbered
months. Opinions expressed herein are not nec-

2020 Vancouver GCentre Officers

Gordon Farrell
president@rasc-vancouver.com
Vice-President Alan Jones

Vp@rasc-vancouver.com

Suzanna Nagy

secretary@rasc-vancouver.com
Phil Lobo
treasurer@rasc-vancouver.com
Hayley Miller
national@rasc-vancouver.com
William Fearon
library@rasc-vancouver.com
Public Relations Scott McGilllivray
publicrelations@rasc-vancouver.com

President

Secretary
Treasurer
National Rep.

Librarian

Library

The centre has a large library of books,
magazines and old NOVAs for your enjoy-
ment. Please take advantage of this club
service and visit often to check out the new
purchases. Suggestions for future library
acquisitions are appreciated.

MARCHAPRIL2020

LPA Leigh Cummings
Ipa@rasc-vancouver.com
Dir. of Telescopes Ken Arthurs
telescopes@rasc-vancouver.com
Robert Conrad, Ken Arthurs
observing@rasc-vancouver.com
Membership Suzanna Nagy, Francesca Crema
membership@rasc-vancouver.com

Events Coord. Hayley Miller
events@rasc-vancouver.com
Robert Conrad, Andrew Krysa
education@rasc-vancouver.com
Alan Jones
aomo@rasc-vancouver.com

Observing

Education

AOMO

On the Internet

rasc-vancouver.com
astronomy.meetup.com/131/
www.facebook.com/RASC.Van
www.instagram.com/rascvancouver/

, @RASCVancouver

rasc-vancouver.com

by Gordon Farrell

tags for attendees. Most events
will take place at the Executive
Plaza Hotel Metro Vancouver
in Coquitlam (at the corner of
Lougheed Highway and North
Road) with the exception of
the Helen Sawyer Hogg lecture,
which will be at sFu. A big “thank
you” to the entire GA commit-

continued on page 4

essarily those of the Vancouver Centre.

Material on any aspect of astronomy should
be e-mailed to the editor or mailed to the ad-
dress below.

Remember, you are always welcome to
attend meetings of Council, held on the first
Thursday of every month at 7:30pm in the Trot-
tier Studio in the Chemistry wing of the Shrum
Science Centre at SFU. Please contact a council
member for directions.

Merchandise Kyle Dally
merchandise@rasc-vancouver.com
Webmaster Ken Jackson
webmaster@rasc-vancouver.com

NOVA Editor Gordon Farrell
novaeditor@rasc-vancouver.com
Scott McGilllivray
speakers@rasc-vancouver.com

Speakers

Past President
At Large

Leigh Cummings
Howard Trottier, Bill Burnyeat

Honourary President J. Karl Miller

Mailing Address
RASG Vancouver Centre
PO Box 89608
9000 University High Street
Burnaby, B.C.
V5A 4Y0
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Map to Meeting Site

continued from page 3

tee for all of their hard work in
pulling this all together in such a
short amount of time.

Registration is open now so
please https://ga2020.
rasc-vancouver.com/ and sign up.
We look forward to seeing every-
one there!

The GA will also include par-
ticipation from local First Na-
tions, acknowledging that the GA
will take place on their ancestral,
traditional and unceded territory,
in particular the Tsleil-Waututh,
Kwikwetlem, Squamish and Mus-
queam nations. A project that
our webmaster, Ken Jackson has
been pursuing related to First
Nations is a version of our RASC
planisphere that depicts their tra-
ditional picture of the night sky.
There are already Ojibwe, D(L)
akota, and Cree planispheres
available but nothing for our lo-
cal First Nations on the BC coast.
Efforts to fill the gap have stalled,
so if there are any First Nations
of RAsc-Vancouver

visit

members

Centre that would be willing to
help out (or know someone who
could help) please reach out to
ga2020+firstnations@rasc-van-

Our Jan-Apr meetings are in
room SWH10041 of Saywell
Hall, about halfway down the
main corridor as indicated by the
arrow on the map.

Pay parking is available at sev-
eral locations located around
campus (indicated as “P” on the
map).

couver.com so we can share those
stories with the public and help
preserve them for future genera-
tions. ¥

Our pre-lecture dinner with last month’s Paul Sykes speaker,
Mary Beth Laychak (centre, in green)
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Can We See the Whole Universe

Most astronomers, cosmolo-
gists and physicists are pretty
much in agreement today that
the age of the universe is 13.8
billion years, give or take a few
tens of millions of years. We see
today that all the galaxies and
clusters and superclusters of
galaxies are all receding from
us. In fact, the further away the
galaxy is the faster it is reced-
ing from us. The whole uni-
verse—including space itself—
is expanding. This picture we
take for granted today has not
always been how astronomers
have viewed our cosmos. A little
over a hundred years ago, most
scientists and astronomers still
believed that the universe was
static and had existed for all
eternity. A visit to Markarian
Fine Optics, a telescope store
in Burnaby, reveals a fascinat-
ing insight into this history.
The owner of the store has an

astronomy book published in
1895—on display for custom-
ers to look at but not for sale—
which for its time contained
the latest up-to-date informa-
tion on our cosmos. Browsing
through the book reveals in-
sights into the view of our uni-
verse at that time. Pluto had yet
to be discovered, Einstein’s pa-
pers on special and general rel-
ativity hadn’t been published
yet so people didn’t even know
the force that made the sun and
stars shine and people believed
that our galaxy, the Milky Way,
was all that there was and that
the whole universe was essen-
tially our galaxy. A section of
the book talks about “nebulae”
or clouds of dust supposedly
residing in our own galaxy and
mentions the Andromeda “neb-
ula,” then believed to be one
of these local dust clouds. We
now know this “nebula” as the

Membership has its Privileges!

Are you tired of looking at the same
objects again and again (planets, moon,
etc.)? Is your telescope collecting dust
because it’s hard to locate deep sky ob-
jects? Would you like to bring your ob-
serving to a stellar level? Robert Conrad,
our new observing director, revived the

Vancouver RASC observing group and
invites you to join by sending him an
email at observing@rasc-vancouver.com.
Some of the benefits of belonging to this
group include:

e Hands on training on how to operate
the SFU Trottier observatory

e Weekly observing sessions at the ob-
servatory or at dark sky locations

e (One-one-one coaching on how to lo-
cate thousands of objects in the night
sky

o Attend small interactive seminars de-
livered by Robert on a range of topics
including failsafe star-hopping, chart-
ing challenging objects and under-
standing the motions of the cosmos

e Learn to make your telescope dance
by locating objects such as asteroids,
nova, and supernovae

e Spectroscopy and imaging training
from Howard Trottier and an oppor-

by Andrew Krysa

Andromeda Galaxy, a galaxy
in its own right, a spiral galaxy
much like our own Milky Way
but slightly larger and 2.3 mil-
lion light years away. We also
now know of hundreds of mil-
lions of other galaxies beyond
our Milky Way laid out through
the universe in large filaments
or tendrils of clusters and su-
perclusters, each containing
millions of these galaxies. We
know that our own Milky Way
is a galaxy residing in our Lo-
cal Group with the Andromeda
Galaxy and many smaller satel-
lite galaxies, which itself is part
of the Virgo supercluster of
galaxies. This 55 million light
year radius Virgo supercluster
(which is actually a lobe of a
much larger supercluster called
Laniaka), containing a hun-
dred or so galaxy groups and
clusters, lies within one of the

continued on page 6

tunity to collaborate on observatory
research projects

Updates on observable sky events
happening during the week like aster-
oid/comet/deep sky conjunctions
Access to observing guides and lists
that Robert created that took hundreds
of hours to create and will help with
planning observing sessions
Knowledge and expertise from other
observing group members

Learn how to quickly and efficiently
find and star-hop to deep sky objects
using a range of binoculars and tele-
Scopes

MARCHAPRIL2020
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Upcoming Events

May
9 — Astronomy Day at SFU

June
5 - 7 — RASC General Assembly in Van-
couver

continued from page 5

universe’s enormous filaments
called the Pisces-Cetus Super-
cluster complex, about a billion
light years long and a hundred
and fifty million light years
wide. So how did we come to
know in a little over a century
that our humble view of the
universe was wrong and what
happened to change this view?
And how can we be sure this
modern view of our universe is
fully correct? Is our concept of
the size of the universe still too
small? The universe has been
expanding for 13.8 billion years
and because nothing can travel
faster than the speed of light
the most distant things we can
see in the galaxy (and therefore
the oldest, too) are more than
13 billion years old. But is the
universe all that we can actually
see or has a part of it expanded
beyond our ability to see it, for-
ever invisible to us because of
the limiting factor of the speed
of light?

One seemingly unlikely pio-
neer began changing our view
of the universe in the early 20th
century. As early as 1881, the
Harvard Observatory in Mas-
sachusetts was hiring women as
“computers” to help study and

August
15 — Perseid Meteor Shower Watch at

Aldergrove Regional Park
15 - 23 — Merritt Star Quest
15 - 23 — Mt. Kobau Star Party

catalogue the growing number
of glass plate photographs the
observatory was producing.
Women were not allowed in the
actual observatory at the time
and they were paid much less
than men so it was more eco-
nomical to have a large team
of women. The women had the
mundane job of measuring the
brightness, position and colour
of stars and classifying the stars
by comparing the glass plate
photographs to known cata-
logues. Even though they were
under-appreciated, a number
of these women later became
famous for discoveries as as-
tronomers in their own right.
One of these (at the time) un-
appreciated “computers” was
named Henrietta Swan Leavitt,
a graduate of Radcliffe College
who was hired by Harvard Col-
lege Observatory in 1908. She
discovered something remark-
able in 1912. From studying
the photographic plates, she
discovered something special
about a type of star called a Ce-
pheid variable. Cepheid vari-
able stars, which can be the
size and brightness of our sun
or slightly more massive, hot-
ter and brighter, pulsate regu-
larly and vary in diameter and

October
16 - 18 — Manning Park Dark Sky Fes-
tival

December
10 — AGM

brightness with a well-defined
stable period. Leavitt stud-
ied 25 of these Cepheid vari-
able stars in the Small Magel-
lanic Cloud (a nearby satellite
dwarf galaxy of the Milky Way
but then believed to be a dust
cloud within the Milky Way).
She correctly assumed that
these stars were all about the
same distance away from us
and so could be compared with
one another in brightness. She
measured the time between the
stars’ ups and downs in bright-
ness and then determined that
the brighter the Cepheid got at
its brightest point, the longer
its period between its ups and
downs were. This was remark-
able because if one knew the
period of the brightening and
dimming of the Cepheid vari-
ables then one could infer their
intrinsic brightness. Leavitt’s
data states that a given length of
period has a unique brightness
associated with it—a Cepheid
with a specific period would be
exactly the same brightness as
any other Cepheid in the uni-
verse with that same period.
Cepheid variables are abun-
dant in our universe and if you
find one you can determine the
distance to it because bright-

6
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ness drops off by the square of
the distance (a light from two
metres away looks one quarter
as bright as a light one metre
away; a star four light years
away would seem only 6.25% as
bright as the same star one light
year away). Leavitt had discov-
ered a standard light house dis-
tance marker for our universe.
Henrietta Leavitt became al-
most completely deaf after a
severe illness but became head
of the photographic photom-
etry department at the Harvard
College Observatory. She was
considered in 1926 for a Nobel
Prize, the committee not real-
izing she had died in 1921. The
work that Henrietta Leavitt did
helped pave the way for more
groundbreaking research by
other similarly brilliant people.

A few years after Henrietta
Leavitt used her 299 photo-
graphic plates to
her brightness/period scale for
Cepheid variables, Dr. Harlow
Shapely began using the 60-

construct

inch telescope at the Mount
Wilson observatory in Cali-
fornia to search for Cepheids
in globular clusters in our own
Milky Way. Globular clusters
are spherical, densely-packed
conglomerations of tens or
hundreds of thousands of stars
which are always magnificent
to look at through even the
smallest of telescopes. These
globular clusters are thought
to be some of the most ancient
structures containing some of
the oldest stars in the universe.
Some clusters can be up to thir-

teen billion years old or nearly
the age of the universe. Shape-
ly discovered a large number
of Cepheids in these globular
He used Henrietta’s
law to determine the distances

clusters.

to all the globular clusters he
saw. In 1918, Shapely discov-
ered that they were between
50,000 to 220,000 light years
away. By mapping out a three-
dimensional distribution of the
locations and distances of the
globular clusters, Shapely cor-
rectly realized that they were
arranged in a spherical halo
orbiting around the centre of
the galaxy. Then by placing and
locating where our position
inside this giant halo was, he
guessed fairly accurately that
our sun was 50,000 light years
from the galactic centre (we are
about 30,000 light years from
the centre). Shapely was also
able to correctly determine the
galactic centre of our galaxy to
be located looking towards the
constellation of Sagittarius. He
incorrectly estimated the size
of the Milky Way however to
be about 300,000 light years
across (the disc of the milky
Way is about 100,000 light
years across) so he believed that
these globular clusters were ac-
tually still inside the Milky Way
galaxy. In 1920, Shapely and
Herbert D. Curtis participated
in a great debate in Washington
D.C. over how big the universe
was. Shapely still believed that
the Milky Way was all there was
to the universe, even though
the 300,000 light year diam-

eter he estimated was shock-
ingly large for most people to
imagine at the time. Curtis’
opinion was that the universe
was made up of many galaxies
as big as our own and that the
spiral shaped nebulae astrono-
mers saw in their telescopes
were actually other galaxies
and that they, as well as globu-
lar clusters, lie outside our gal-
axy as “Island Universes.” Dr.
Harlow Shapely became the di-
rector of the Harvard College
Observatory in 1921 after the
passing of the former director,
Edward Charles Pickering, who
had hired Henrietta Leavitt as a
computer years earlier.

The famous astronomer Ed-
win Hubble himself had said
that Henrietta Leavitt should
have won the Nobel Prize; how-
ever, Hubble being somewhat of
an opportunist and never hav-
ing been nominated himself,
may have wanted to share in the
spotlight. Hubble has become
a household name while only a
few astronomy-savvy individu-
Hubble

was able to use his own mea-

als know of Leavitt.

surements of Cepheid variable
stars and Leavitt’s period-lu-
minosity law to determine that
Cepheid variables in the then-
named “Andromeda Nebula”
and other similar nebulae were
far too distant to be located in
our Milky Way galaxy. In 1919,
Hubble was hired to work at
the Mount Wilson Observatory
with its new 100-inch reflecting
telescope, completed in 1917

continued on page 8
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continued from page 7

(then the largest in the world)
in California. One night in
1923, he was comparing several
photographs of Andromeda
over several nights and discov-
ered a Cepheid variable. Over
several months, Hubble deter-
mined that the Cepheid varied
in brightness with a period of
31.45 days, meaning it was 7000
times brighter than the sun us-
ing Leavitt’s law. Comparing
the Cepheid’s apparent bright-
ness (how bright it actually
looks from Earth) with its ac-
tual brightness, he determined
it was 900,000 light years away.
Since the Milky Way had al-
ready been measured by Dr.
Harlow Shapely to be 300,000
light years across (incorrect but
still a very good estimate for
the time) this was well out of
our galaxy. Later it was found
that there were two types of
Cepheid variable stars, the kind
that Henrietta had discovered
and a Type II brighter Cepheid
variable. Hubble thought he
was looking at a classic Cephe-
id but because he was looking
at a Type II Cepheid, which
is more than twice as bright,
it was found that Andromeda
was over 2,000,0000 light years
away. The Andromeda Nebula,
long thought to be a cloud of
dust or similar material inside
our galaxy, was discovered to
actually be our neighbour spiral
Andromeda Galaxy, much like
our own Milky Way spiral gal-
axy. The Large and Small Mag-
ellanic Clouds, which look like

two spectacular white blotches
in the night sky from the south-
ern hemisphere, were found to
be two irregularly-shaped mini
galaxies, about a tenth the size
of our Milky Way, gravitation-
ally interacting with the Milky
Way and both about a tenth the
distance the Andromeda galaxy
is away from us. Hubble mea-
sured the distance to several
other Cepheid variable stars in
other nebulae and discovered
that these nebulae were actu-
ally other small satellite galax-
ies of either the Andromeda
Galaxy or our Milky Way (in
fact Messier 32 or M32, a sat-
ellite galaxy of the Andromeda
Galaxy, can clearly be seen be-
side Andromeda in the same
telescope  eyepiece
view) and the two collections

amateur

of miniature galaxies around
Andromeda and our Milky Way
form the two lobes of our Local
Group of galaxies.

Hubble went on to do much
more than just measure the dis-
tances to our nearest galactic
neighbours. He actually made
one of the most astounding
discoveries of all about our uni-
verse. He discovered that most
of the galaxies we can see are
moving away from each other
and the further away they are
from each other, the faster they
are moving. The furthest galax-
ies we can see from us today,
that are actually from when
galaxies first started forming
about a billion years after the
Big Bang, are receding from
us at speeds approaching that

of light. How do we know all
of this? For many years before
Hubble, had been

looking at the spectrum of radi-

scientists

ation coming from other stars.
Electromagnetic radiation in-
cludes the visible light that we
can see and the light not visible
to our eye—infrared, ultravio-
let, gamma rays, x-rays, radio
waves and microwaves—but
these are all the exact same
phenomena vibrating at differ-
ent wavelengths. All these dif-
ferent wavelengths in the whole
electromagnetic spectrum are
really just different energies
of light. We can see just a tiny
portion of the range of differ-
ent frequencies that surround
us, called visible light, and the
rest we are blind to. Isaac New-
ton was the first to use a clear
prism to split a ray of this vis-
ible light coming from the sun
into its component rainbow
of colours called the visible
spectrum. More than a century
later, scientists noticed that the
visible spectrum had character-
istic vertical black bands along
it at very precise places. These
absorption lines, as they were
called, will appear if an element
is placed between a light source

These ele-

ments could be in the outer lay-

and the observer.

ers of a star or in a dust cloud
Each

particular element has its own

between a star and us.

characteristic absorption lines
along a continuous spectrum so
we always know that hydrogen
has its own signature absorp-
tion line on a light spectrum as

8
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does oxygen, carbon, sulphur
and so on. We know that the
universe is all made of the same
“stuff” or the same elements
because when we see the light
from stars split into a spectrum
we can see these absorption
lines and they are exactly the
same as elements on the Earth.
Helium was actually discovered
by looking at the absorption
lines in the spectrum of the sun.
Scientists could see a pattern of
absorption lines they had not
encountered before and rea-
soned it was a new element and
called it helium before helium
was finally discovered physi-
cally on Earth.

These absorption lines in the
spectra of visible light would
show us the truth about galaxy
motion. In 1912, scientist Ves-
to Slipher began observing the
spectra of light coming from
various far away spiral nebulae
(which we now know to be sep-
arate galaxies outside the Milky
Way) and found that the spectra
had the same absorption lines
as nearby stars so they must be
made of the same elements we
are all familiar with. However
he also discovered that all the
absorption lines were shifted
all together along the spectrum
by a certain amount in wave-
length. This phenomenon was
by this time understood as the
Doppler Effect. Light waves
we detect from an object if it
is moving away from us will
be stretched and they will be
compressed if the light source
is moving towards us. The

same thing happens with sound
waves. When an ambulance is
moving towards you, the sound
waves are compressed and at a
higher frequency so the pitch
of the siren is higher. As the
ambulance passes by and moves
away behind you, the siren’s
pitch sounds lower as the waves
coming to your ears are Now
stretched and are a lower wave-
length. Similarly with light, as
an object moves away from us it
appears more shifted to a lower
frequency and so appears more
towards the red end of the vis-
ible spectrum. As an object ap-
proaches us, the emitted light
is compressed and so becomes
a higher frequency and appears
more shifted to the blue end
of the visible spectrum. We say
red-shifted objects are moving
away from us and blue-shifted
objects
us. The more an object has its

are moving towards
spectral lines shifted towards
the red end of the visible spec-
trum the faster it is moving
away and the more the absorp-
tion lines are shifted to the
blue end of its visible spectrum
the faster the object is moving
towards us. Slipher observed
that the absorption lines in
the light spectra emitted from
most of the spiral nebulae were
almost all red shifted. The neb-
ulae were emitting light of lon-
ger and longer wavelengths as if
they were moving away from us.

Hubble able to take
the measurements
he made using Cepheids (and
by then type la supernovae, a

was
distance

new astronomical distance cal-
culator) to the spiral nebulae
in 1929 which were by then
known to be separate galaxies
thanks to his distance measure-
ments, and compare them with
Slipher’s measurements of the
speeds at which these galaxies
were moving away. With the
help of a Mount Wilson staff
member, he plotted this infor-
mation on a graph and was able
to show an incredible linear
relationship between a galaxy’s
distance from us and the speed
it is receding from us which is
now called Hubble’s Law. This
law shows that the further a
galaxy is away from us the fast-
er it is moving away from us.
The universe is expanding. The
great revelation which Hubble
finally revealed to us was that
the universe was not eternally
unchanging and ended the stat-

ic universe theory for good.
Now comes a big key to our
puzzle of just how big the ob-
servable universe is and wheth-
er the observable universe—all
that we can see with our most
powerful telescopes—is all that
there is. The most redshifted
light we can detect in the ob-
servable universe suggests that
light has reached us from galax-
ies that are over 13 billion years
old. The first light was emitted
when the density and tempera-
ture of the earlyuniversebecame
low enough. Electrons and pro-
tons from the hydrogen plasma
of the early hot universe could
now bind themselves together
continued on page 10
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continued from page 9

to form atoms so that photons
could travel freely. The newly
formed atoms did not scatter
radiation like the plasma did so
for the first time the universe
turned from opaque to trans-
parent. This bursting forth of
light is forever imprinted in
the famous Cosmic Microwave
Background Radiation and
happened about 380,000 years
after the Big Bang, or almost
13.8 billion years ago. Because
this is the oldest light we have
detected, that also gives us a
measurement for the age of the
Universe itself.

But over the last 13.8 billion
years, the universe has been
continually expanding—and at
first it did so very rapidly. This
is where things become very
counterintuitive and “weird.”
It is now believed that the uni-
verse and its initial extremely
dense state that led to the Big
Bang
popped out of empty space.
This happens in quantum phys-

expansion could have

ics all the time. Particles and
their antiparticles pop in and
out of the empty vacuum all the
time for such incredibly short
periods of time (trillionths of
a second) that we can hardly
detect them. Empty space is
not really empty space at the
quantum level which is at a lev-
el several orders smaller than
the size of an atom. The cur-
rent understanding of what is
called the vacuum state or the
quantum vacuum actually con-
tains fleeting electromagnetic

waves and a seething “froth” of
unimaginably short-lived parti-
cle formation and destruction.
This vacuum state is associated
with a zero-point energy which
actually has measurable ef-
fects. The false vacuum energy
would behave something like
Einstein’s famous cosmological
constant. Einstein considered
this his biggest blunder after
creating and inserting it into
his equations as a counter-ef-
fect to gravity that would keep
the universe static—however it
now seems that dark energy be-
haves exactly how Einstein pre-
dicted the cosmological con-
stant should behave so he may
have been right after all. The
false vacuum energy would act
like an energy permeating all of
space, causing the expansion of
the universe right after the Big
Bangto speed up faster and fast-
er. In turn, what would become
our observable universe would
start expanding faster than the
speed of light. Einstein stated
in general relativity that noth-
ing can travel faster than the
speed of light and this is true
of objects travelling through
space. But general relativity
says nothing about space itself
being able to expand faster
than the speed of light. And as
space itself expands faster than
light speed it takes the objects
that are at rest within it apart
from one another at faster than
light speeds. And it seems the
universe could have expanded
during this brief inflationary
period by a factor of 1028. This

is an incredible amount but it
could have taken just a frac-
tion of a second (an incredibly
short 10-36 seconds). So parts
of the universe that relative to
us could have expanded faster
than the speed of light have not
had enough time for their light
to reach us so we can’t see them.
This is the part of the universe
that would be unobservable to
us.

But what about the observ-
able universe, the part we can
see? How far can we see? You
might think that in a universe
limited by the speed of light
that would be 13.8 billion light
years multiplied by the speed
of light. However we can sece
so much further than that for
two unintuitive reasons. First,
the objects that are just at the
edge of sight of each other,
like us and a galaxy 13 billion
light years away, are receding
relative to each other at almost
the speed of light (we know
that thanks to Hubble’s Law).
They are now double the dis-
tance from each other that you
would expect—each is moving
at nearly the speed of light so
the distance between the two
objects would be 13 billion
light years times two. Second-
ly, space itself is also expand-
ing. So the “fabric of space”
itself between the two objects
is actually stretching at nearly
the speed of light, stretching
the light along with it. Part of
the redshift we see in the light
from distant objects is due to

continued on page 13
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My First LPA (Light Pollution Abatement) Report by Leigh cummings

I greet you, fellow members,
from my new chair. Even though
I'm retired, it seems I’ve been
burning the midnight oil of late
just trying to bring myself up to
speed on our local issues.

Only a hermit living alone in
a cave for the past several years
could claim to be unaware of the
impacts that various forms of pol-
lution are having on our planet.
Global warming caused by CO,
and methane emissions are con-
stantly in the news, as is our strug-
gle to control plastics entering
our environments. Every once in
awhile, we see a story about light
pollution. This usually happens
when someone complains about
light trespass affecting their life.
Sometimes this increases the dia-
logue about lighting by-laws and
sometimes it even results in some
changes. There has also been
documentaries about the loss of
our night sky and the impact this
has on astronomy and our cultur-
al well-being. But what about the
impact artificial light has on our
ecology as a whole?

Various biologists have studied
the impact of artificial light on
individual species and reported
the impacts on that species. It is
only relatively recently that ecolo-
gists have undertaken studies on
how artificial light is affecting en-
tire ecosystems. Experiments have
been underway using different
forms of lighting in an otherwise
dark environment to see what
spectrums and intensities affect
the balance of the natural pro-

cesses. We have seen on the news
the effect that brightly lit cities
have on migratory birds, but how
often do we see news stories about
the effect lights have on the insect
population that the birds and oth-
er predators depend on for food?
New studies in the UK have indi-
cated that insect populations are
in steep decline. This has always
been attributed to the use of pes-
ticides and, while this is certainly
true, light pollution is also a ma-
jor contributor to the decline.
Another area coming under
increasing scrutiny is the effect
light pollution has on waterways
and shoreline ecologies. There
have been studies done in South
Africa, Wales, and California, as
well as some coastal communities
in B.C,, to try to determine the
impact shoreline lighting has on
the life in these bodies of water.
These studies are beginning to
show that light shining into the
water (especially blue light that
penetrates the deepest) changes
the behaviour of both the ani-
mal life as well as the plant life at
night. When the shoreline is lit
24 hours a day, the type of plant
life that will grow, as well as the
location of shellfish that attach
themselves to rocks or pilings,
changes dramatically. Also the
fish prey/predator balance shifts
due to the change in the noctur-
nal movement of plankton. These
studies indicate that we have to
start thinking about how we can
mitigate the impact our shoreline
developments have on the marine

environment.

One opportunity will be to
start with our parks: city, provin-
cial and national. We must make
them a nocturnal oasis for nature
to be “natural” both at night as
well as during the day. I will be
reaching out to the park admin-
istrations in all our levels of gov-
ernment in hopes of helping them
and the park operators choose
lighting that meets standards
more in alignment with a healthy
nocturnal ecosystem, as well as
meeting the safety concerns for
the people visiting the park. We
are lucky that most of the pro-
vincial and national parks are
relatively wild and should be easy
to conform if we bring nocturnal
ecology into the future planning
of these parks.

Unlike some of the other forms
of pollution that will take a large
shift in our economy to effective-
ly make meaningful changes, light
pollution should be easier. Light
that is not doing what it is sup-
posed to do, or shining where it
is not needed, is a waste. It makes
economic sense to not waste. As
individuals, we can make better
choices for our outdoor home
lighting. We can also do the sim-
plest of things by flicking a switch
when light is not needed. Follow-
ing these simple steps can have a
trickle-up effect on our govern-
ments. After all, we usually end
up with governments that reflect
the society they govern.

Let us leave our sky darker than
we found it. ¥
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Are the Weather Gods Mad at Us?

It’s been raining here for all
of January—one day of no rain.
February was not much better.
From my astronomical point of
view, it was the pits. I haven’t

4

were covered up again. Let me
emphasize that the apparent
closeness of these two plan-
ets to the Moon is strictly a

perspective effect, caused by

The Moon, Mars and Venus together four years ago

taken part in one of SFU’s Star-
ry Night events since well be-
fore Christmas; Since October,
most of the time the event had
to be cancelled, mostly because
of bad weather.

Every now and then there
was a break in the clouds, al-
lowing for a short glimpse of
the evening and night sky. In
late January, the Moon and Ve-
nus appeared very close to each
other. The picture above shows
a similar situation exactly 4
years ago on February Ist. At
that time, Mars was also near
the Moon, but not this time.
I looked at the recent event a
couple of months ago, through
some holes in the clouds, but
before I could get my camera
ready, the Moon and Venus

the particular position of our
Earth in its orbit around the
Sun. The actual distances are
in the millions of kilometres.

by J. Karl Miller

Another way to do some
“armchair” astronomy is to
take some pictures of the sky,
preferably as seen from other
latitudes. To this end I use one
of the remote-controlled tele-
scopes at slooh.com, with lo-
cations on the Canary Islands
and Chile. Here’s a black-and-
white image of the Tarantula
Nebula.

I quote an
Wikipedia:

“The Tarantula Nebula has
an apparent magnitude of 8.
Considering its distance of
abour 49 kiloparsecs (160,000
light-years), this is an extremely
luminous non-stellar object. Its
luminosity is so great that if it
were as close to Earth as the Ori-
on Nebula, the Tarantula Neb-
ula would cast visible shadows.
In fact it is the most active star-

continued on page 13
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continued from page 12

burst region known in the Local
Group of galaxies. It is also one
of the largest H II regions in the
Local Group with an estimated
diameter around 200 to 570
parsecs, and also because of its
very large size, it is sometimes

described as the largest although

other H II regions such as NGC
604 which is in the Triangulum
Galaxy could be larger.”

One parsec is the distance at
which the radius of the Earth’s
orbit around the Sun is seen at
an angle of one arc second—
that 3.26 light

years. That means that even

distance is

from the nearest star (4 light
years away) the Earth’s orbital
radius has an angle of less than
one arc second.

Let the weather gods do their
thing. If you have a roof over
your head, and a safe place to
live, you can evade them any-
way. ¥

continued from page 10

the object receding from us
but also is due to the stretch-
ing of space in between the
two objects. This would just
about double again the dis-
tance two observable objects
are from each other. Taking all
this into account, astronomers
have worked out that the galax-
ies right on the edge of the ob-
servable universe, whose light
has taken 13.8 billion years to
reach us, must now be 46.5 bil-
lion light years away. It is pos-
sible that, somewhere, a few of
our calculations are not quite
right but for now that is our
best measurement for the ra-
dius of the observable universe.
Doubling it, of course, gives us
a diameter of 93 billion light
years.

Where things get really com-
plex is when we try to think
about the universe beyond that
or the
“whole” Universe. Depending

which is observable,
on which theory of the shape
of the universe you prefer, the
whole universe could actually be
finite or infinite. Recently, data
analyzed at the University of
Oxford by computer algorithms
about objects in the observable

universe looking for meaningful
patterns came up with a new es-
timate of the “whole” universe
being at least 250 times larger
than the observable universe.

The truth though is that we
are not completely sure if the
universe has a finite size or
whether it is infinite. We can
see galaxies extending out from
us in all directions with no evi-
dence of diminishing. With the
sophisticated, powerful tele-
scopes we have today we can see
about as far as nature allows us
to see because of the limiting
constraint of the speed of light.
We cannot see past this point
because stars and galaxies have
not always existed and have
been evolving over time and the
universe has been expanding
with time so light from other
parts of the unobservable uni-
verse has simply not had time
to reach us yet. If the universe
and space everywhere continues
to expand faster and faster as it
has been doing the last few bil-
lion years then the light beyond
our current observable universe
may never reach us.

In just over a hundred years,
our picture of our universe has
evolved from a quaint belief

that our Milky Way galaxy with
a few hundred billion stars was
all that existed. In that century,
many astronomers, physicists
and cosmologists contributed
to expanding our view of the
universe. We now estimate the
size of the universe we can de-
tect to be a staggering 93 billion
light years in diameter with tril-
lions upon trillions of galaxies.
Many discoveries and advances
have been made and other theo-
ries remain controversial and
disputed about what the en-
tire actual size of the universe
might be. One thing cosmolo-
gists seem to agree on today is
if somehow you could stop and
freeze the “whole” universe,
that which we can see and that
beyond which we can not see,
and somehow could step back
and miraculously “see” or per-
ceive all of creation you would
see far more than people a hun-
dred years ago would have ever
imagined. You would detect
galaxies and galaxy clusters and
superclusters and filaments of
tril-
lions of galaxies extending far

superclusters containing
out beyond from what we can
see today. But how far, no one

knows. ¥
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Members’ Gallery

Occultation of Mars
by Andrew Krysa

| took this image of the Moon with Mars
about 20 minutes after it poked out
from behind the dark side the morning
of the occultation before sunrise on Feb.
18th. The picture was taken at Sunset
Beach, downtown Vancouver.

Moon and Venus
by Howard Trottier

The Moon and Venus above the dome of the Trottier Observatory at
SFU’s Burnaby campus on the evening of Jan. 28th.
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VOLUNTEER OPPORTUNITY

Workshops
and talks
hosted by:

Bob MacDonald
Host of Quirks and Quarks

Jess Mclver
UBC Assistant Professor, LIGO
Scientific Collaboration

Matthew Borghese
NASA Solar System
Ambassador

and many more!
Contact to Volunteer:
ga2020+info@rasc-vancouver.ca

Register and find out more at:
ga2020.rasc-vancouver.com

June 5-7 2020
Executive Plaza

RASC GA 2020
VANCOUVER

50% off for students!*

$200

* under 21 or full-time students
under 25




