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Preface

tion of the Zaibatsu, I've
learnt a great many things
and have been inspired to
create and wonder about
things 1 would not have
otherwise. It is with pro-

vi

found gratitude and pride
for this habitat and its in-
habitants, and the smol-
net ecosystem at large,
that I present to you this
first issue of our smolzine,

Circumlunar Transmissions.

mieum
APRIL 25, 2021
INCHEON, KOREA

dium takes away from
the moment-by-moment
gameplay, forcing every-
body to get ox-in-the-
mired over details that
don’t matter overall in-
stead of letting their big
stompy robots blow each
other up.

Megamek works won-
ders in that regard. A
game of Classic Battletech
that could easily take 5 or
6 hours in person with-
out any sort of calcula-
tor apps or an otherwise
breakneck pace of game-
play and rules-lawyering
will only take an hour
or two maximum with
Megamek. It’s a godsend
for a hobby that would
otherwise be relegated to
local play over predeter-
mined days, not a “Hey
want to play a match?
Sure!”  kind of casual
pickup on a boring after-
noon.

But It Isn’t All
Sunshine and
Rainbows.

Nope!  Megamek is, in
my humble and donut-
shaped opinion, a terrible
example of Ul and UX. I
played a round recently,
and another aficionado of

the series played against
me. Quoth my opponent:
“This program looks like
something out of Win-
dows 95.” Neither of us
had played the most re-
cent version of the game.
I hadn’t touched it in a
year at least.

Some changes were
welcome, and the de-
velopment  progresses
smoothly.  But it’s still
just as much a spaghetti
plate in terms of user ex-
perience:  configuration
options laid out in long
lists of check boxes or-
ganized by multiple top-
window tabs; a decidedly
15-years-old design lan-
guage that clashes with
modern perceptions of
UI and UX (which is bad
considering that taking
in new blood is crucial
for both userbase and de-
veloper contribution rea-
sons); and the final nail in
the coffin is the fact that
the much easier and more
recent Alpha Strike rule-
set isn’t included at all by
default, to my knowledge.
You might be able to con-
figure something like that
using plugins, but we’re
already putting the cart
before the horse at that
point.

6.3 Enter the Mech Man

To Be Fair

The project started in
2000. It’s 21 years old
in some places, if only
in logic and not literal
syntax. It’s written in
Java. And it’s been a com-
munity effort by dozens
of talented people over
the decades. The fact
that it’s alive at all is im-
pressive, but so’s the fact
that the franchise whose
boardgame it emulates
even has a fanbase still.
BT fans aren’t quitters,
certainly. And this is all
considering the fact that
trying to automate, ob-
fuscate and de-FUBAR
the mountain of minutiae
that Battletech’s rulesets
and technical data (on a
per unit and per variant
basis no less) is a monu-
mental task. I can hardly
think of a video-game
adaptation of a more com-
plex board game that does
a better job, in proportion
to the complexity of the
physical source material
and gameplay flow.

So considering it was
made in the waning days
of Win98 (because Win-
dows ME doesn’t exist
and you can’t convince
me otherwise) it’s ex-
pected that it’s ugly as

21
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1 The Circumlunar Mixtape

1

Catamaran

by talons’

from Songs for Boats
https://talons.bandcamp.com/track/catamaran

Possessed by the Devil

by Charlie Parr

(Live)
https://www.youtube.com/watch?v=P46hGYUycoE

Some Voices

by Pinback

from Some Voices
https://pinback.bandcamp.com/track/some-voices

Get to Know You

by Tomo Nakayama

from Melonday
https://tomomusic.bandcamp.com/track/get-to-know-you

Just a Cloud

by Lusine

from Sensorimotor
https://lusine.bandcamp.com/track/just-a-cloud-feat-vilja-larjosto

Good Morning Captain

by Slint

from Spiderland (Remastered)
https://slint.bandcamp.com/track/good-morning-captain-remastered

Step Into You

by Hum

from Inlet
https://humband.bandcamp.com/track/step-into-you

Kingfisher

by Windhand

from Grief’s Infernal Flower
https://windhand.bandcamp.com/track/kingfisher

Why I Still Game Proprietary

by wholesomedonut

Proprietary Gaming
Isn’t All Bad

INCE getting into the

FOSS community, I see
a lot of pushback towards
the gaming industry as
a whole. I can see why:
DRM runs rampant, ter-
rible business practices
regularly conflagrate in-
ternet forums, anti-cheat
programs are basically
consensual (and manda-
tory for official online
play in some cases) tro-
jans, and to make it all
worse it costs a mint to
get into the hobby nowa-
days due to scalpers and
crypto miners running
rampant in the market.

I agree with all of those
observations. They tire
me. They concern me.
They frustrate me daily.

However!  There are
still reasons -not- to go
the route of some I see
in the FOSS world and
eschew gaming alto-
gether on anything but a
FOSS platform, with FOSS
games, because...FOSS.
That argument is just as
dumb in practice, because
it's an artificial limita-
tion that stands on some-
what subjective, opin-
ionated reasoning. “But
wholesomedonut, thou
angereth me!” 1 hear in
the imaginary comments
section because this is
Gemini and you can’t do
that. I am certain you will
find peace through mea-
sured contemplation and
a cup of whatever warm
or cold liquid you enjoy.

Why Do I Use
Steam?

Well...everyone else that
isn’t a computer nerd usu-
ally does too. And the
overhead for getting peo-
ple of minimum techni-
cal understanding (that
like playing video games)
into FOSS gaming gener-
ally is much more costly
in terms of mental and
social capacity than the
clout I usually have with
my friends or family on
such matters.

King’s English: 1If 1
have to instruct them to
download the latest ver-
sion of the game directly
from Github in the Re-
leases tab, or from some
random website they’ve
never heard of (even if it
looks nice and is HTTPS

19



151Avjd 42L-p140d S UMO)S T'T

anu /ypexy/wod dwedspueq wiyeysyiu/ /:sdiy
YISNULIIUIM WOIY

uyel] s[IN £q

anN

(aurod e aney

$9qQOH Sewoy L p[o pId
“(Aqres
-1JeWIOINE.) SISUS| BISUIED
snooj A[uo mou ap  ‘ud)
-10310} Jnq [[e aIe WOy
pue sau1j y3aeat] uaym Aep
SIY} Ul SI9JJO pliom ay}y
jey) e stosyL  jySw
s,43esp Jo yaep dasp ay3
ojur djs am a10Jaq a1] sAep
[BUIJ N0 JO SaU0Q dI8q 2}
dIaUM MO dUO[E oYM
s1a3uens jo Aoewnur ayy
AJuo st a1ay) ‘A[3uenbaij
‘pus K1 s)1 Je pue I
ur 9Je[ SAIpoq I19Y) Ysem
pue [resj ayj asinu ‘siaq
-wow AJIwej jou ‘sIay3o
MON *9JI] §,2U0 PIAO] B JO
J9suns a3 Je J9YJoUE. U0
03 JeaU JAI[ 193U0] OU SI19q

-wew AJIe) ‘usjjo 003
“Jet]3 JoYJoue SUO WoJj Jej
0S JLIp pue SUIALIS TIM
K[939]duI05 0S SAAI] INO JO
SUBIPLISW UOOU 33 [[J 9M
‘AJ19p[a a3 10 0S J0U ‘Ing
‘BunoA oy} J0j ased Ay
u9)jo Jsowr (IS s1 Adew
-Iul [eI[IUe] JOLIq UonsS
‘saIed A[Iej oY) woym
103 PIIYP B 3O Y1q oY o3I
sI asuns ‘A3oeue Ag
‘uop
-eredas aiojoq Aoewnjur
Jo aoeds 110ys € s ‘9|qnop
Ja3e] $31 A1 ‘awrg SIY L, *03
pue ysiuy siayjo ayj se
dn 3uiid aue Aoy ‘saysip
a3 op 03 Aep sIy ST 31 Jey
sIoquiawal A[njan. wayy
JO 3UQ 'SMO[[9] InoK YIIm
om} Jo of B ateys pue
S[Iws nox  '99yjod> Sur
-uIow JInoA Nuup pue

8T

WAy} J9A0 JSeJealq Inok
31002 noK ‘A3sowr 3] s[e0d
aIe arayy uaym  -asdel
-[0> 03 prueakd uspoom
a1y} 10j uryrem ‘Keme ypeq
nok se AJpewr sreox aay
3y L "poom Jo sadard Jadae|
33 JNOASp SIWe[] AU S
Swosso[q pue sp[ing adoy
‘sayojed Jurpuny oyl sy
‘peatje Aep ay3 U0 NewaI
noA pue ‘p[od aY3 uo Jusut
-UI0d PUE SpUey] IN0A 0Ju0
SUjealq WM MO[q pue
qna Uoes NOx 003 Jlem
Koy aqym 3eay s Apoq
Jnok jo o[ e qlosqe
03 Surdoy ‘nof 03 asop
Joyged sJey30  ‘Suruiow
s JojuIm p[Od B UO ai B
JO ypuLIem 313 J0j uonyedr
-O1jUE UI J7eM 0] ST JT Jeym
Mowy [ ‘UOZLIOY 9y} Uuo
$9319AU00 1 SE 3] }Ieay

421D 2y3 Jo Y1vaH YL §



The Hearth of the Matter

by durtal

TSEEMS that Kepler

first used the Latin
word ‘focus’ in 1604 to
refer to ‘the point of con-
vergence’ in the mathe-
matical sphere. It is pos-
sible that this is an ana-
logical use of the term and
may reference the point
of light created with a
lens. You probably know
what I mean. I remember
another child showing me
a trick with a magnifying
glass outside one sunny
day. He quickly adjusted
the glass’s height over my
forearm to effect a sharp
pain as the converging
rays burned a hole in my
skin.

Hobbes brought ‘focus’
into broader English par-
lance nearly fifty years
later. I don’t know if he
did this with a magni-

fying glass or not. But,
Hobbes is certainly not
my favourite philosopher.
With its particular take
on human nature, he pub-
lished Leviathan about
the same time he popu-
larised a word whose use
is ubiquitous but whose
original meaning is too
often unknown. Some-
times the abstractions of
science and a specific sort
of philosophy separate us
from the mundane reali-
ties of life in unfortunate
ways.

Ironically, the politi-
cal philosopher who es-
poused that humans are
“all take and little give”
used a word that belied
his contentions in the
original.  Focus is the
Latin equivalent of the
Old English word ‘hearth’.

People still used the lat-
ter term in my youth, es-
pecially in rural regions.
Phrases like “hearth and
home” and “keep the
home fires burning” catch
something of its ethos.
The hearth was where
household members gath-
ered to cook or to work by
the hearthstone’s fire-
light. In its warmth, chil-
dren sat to hear the sto-
ries of the family and
community after dusk.
Kith and kin entertained
themselves with music
and drinking and dance
nearby. In some cul-
tures, families kept an-
cestral bones beneath the
hearthstone. Here was a
point of convergence in
the human habitat.

The rising or setting
sun reminds me of a
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2 Ask Jone

then there’s this weird
sound by the front door.
When I get out there to
check it I find that co-
incidentally the big pile of
snow tires out there has
also fallen over, and it’s
crushed some unlucky lit-
tle gnome who must have
been milling around by

there. Those things are
so bad at staying alive, I
just can’t believe it some-
times.

Anyways, if you're look-
ing to patch things up
with your sister, I would
say maybe don’t do it with
canned soup, or snow
tires. It sure didn’t help

Do you have a problem?
Send your questions to:

us any. It just wasn’t a
good result for anyone,
especially for that gnome.
Or if you have to go with
soup, at least stick with
the meatball-carrot one.
It’s actually not bad.

Thanks for writing in. 1
hope that helps.

\ joneworlds

\ (¢ /
\ mailbox.org /

/

4.7 References

discover that the SI sys- thing other than Earth’s years before the caesium
tem of units defined the rotation when it was es- definition was adopted.
second based on some- tablished in 1960, seven
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3 Manifesto of a Granular Ideologue

Mistrust labels, they carry unimagin- -
able baggage

Be a maximal minimalist, distill purity
from immensity

Acknowledge all that came before, but

accept the utility of your journey
Find, purify, share, repeat
Never believe that you have the best vi-

sion for the world
To conclude means to cease to grow

Don’t try to fashion the world to your
ideals; your ideals are cursory

tfurrows@circumlunar.space
tfurrows@sdf.org

allowed when necessary
to keep the time scale
locked to the movement
of the sun across the sky.
So far, there have been
27 leap seconds defined,
although UTC and ATI are
today exactly 37 seconds
apart - the other 10 sec-
onds come from hacks
applied before leap sec-
onds were established
in 1972. All of them to
date have been insertions
rather than removals.
They don’t happen on a
regular, predictable ba-
sis, like leap years (which
are an adjustment for the
fact that the time it takes
the Earth to orbit the sun
once, defining a year, is
not perfectly divisible by
the time it takes the Earth
to rotate once, defining a
day). Because the Earth’s
rate of rotation fluctu-
ates randomly, sometimes
slowing down and some-
times speeding up, as-
tronomers need to be ac-
tively on the lookout for
excessive values of DUT.
When it’s decided a leap
second is needed - it’s the
IERS who makes that call
- they are announced at
least six months in ad-
vance. They’re allowed to
occur on either June 30th
or December 31st, and

are inserted or deleted
at midnight UTC (which
is the middle of the day
in some time zones, of
course) on those days.
At the time of writing, the
last leap second happened
on December 31st, 2016.
In principle, six months is
enough advance warning
that nobody doing any-
thing which depends on
precise time synchroni-
sation should be caught
by surprise when a leap
second rolls around. In
practice, it’s not always so
simple.

Increasing
Implementation
Burden and an
Uncertain Future

Leap seconds have al-
ways had their critics,
but at the time they were
adopted, their benefits ar-
guably balanced their as-
sociated hassle. 50 years
later, this hack is starting
to show its age. The ad-
vent of cheap and reliable
GPS technology means
that celestial navigation
at sea is now rarely a mat-
ter of life or death (al-
though some sailors still
appreciate the relative
simplicity of the technol-

4.5 Implementation Burden

ogy it relies on), removing
some of the argument for
making sure UTC stays in
lock step with the Earth’s
rotation. At the same
time, the internet has
come along: a massive
network of computers
talking to each other, with
the frequent need for ac-
tivity on one to be syn-
chronised with activity
on another (hence tools
like the Network Time
Protocol, NTP). Computer
programmers hate leap
seconds, for the same rea-
son they hate Daylight
Saving Time: they com-
plicate time calculations
(you can’t accurately cal-
culate the number of sec-
onds between two UTC
timestamps without con-
sulting a table of when
previous leap seconds
were inserted) and are
a frequent cause of confu-
sion and errors, when one
system implements them
differently from another
its trying to interoperate
with.

Affordances for leap
seconds are often added
to software as an af-
terthought - if they are
added at all. Some sys-
tems represent the extra
second using the times-
tamp 23:59:60, but others

13



B ale aray) ‘A[eoruyoas)
1N Jo ‘SwIl [esIaATuUn
ST UOIjEUIEdUl UJISPOWL
S)1 JO WU [eDHJO YL
'SJXoju0d urelrad ur Kep
-0J @sn ul [[Us SI [eds
awrry paurep A[esrwou
-0I3se SIYL ‘I op 03 Aem
153q ay3 sar ‘suonedyd
-de awos 10j - awiry auy
-ap 03 Aem a[qIsuas £[309]
-1ad e sI SIYL ‘ou ‘[[am

{31 ‘K103s
JOo pud "09¢ 0§ 343 jo no
‘90135p © JO Y0¥ SUO 93k}
-01 0} y31eq o3 J0j saxe) I
awiIy 9y SI PUodas B “‘aI|
noA J1 40 "90UO0 938301 03
U3ae3 2y3 sexe3 31 awr oyl
JO Y300%‘98 auo Adwirs st
puodss e ‘Aep e ur sinoy

2 pue Inoy ue ul sajnur
09 ‘@INUIW B UT SPU0I3S 09
aJe 219U} 20UIS PUY 'SIXE
s31In0qe uonn[oaas a[3urs
e 939[dwod 03 yued ay}
soy[e3 31 awil} ay3 st Aep suo
- .4ST 11 se 3uof se Aep
e s1 Aym,, 0] Jamsue ay}
smow| ApoqA1and Kep oy
Jo Je3 Aq Aprorjdwr pauy
-op ue9q sey YiSus| si
‘punoie usaq Sey puodas
ayy jo 3deduod ayy ey}
swiy ayj jo jsouwl Jog

*0S 10 Joom
1sed ay 1an0 o1dog atpy Uo
Surpeaa aaIssasqo A[[eon
-SLI9JOBIBYD UMO AW UO
Paseq MITAISAO dJeIndde
-ut A[3y3iys A[qrssod ‘a3a1d
-wooul ‘JolIq B :peIISUl

‘s1y) urpeas yonjs a1,nok
os Quprp 9y ing - Jed
oey Jo wop3ury ayj ul,,
10  pieog JOYjON ‘yitel
JaYI0N,, 1y Jo Juads ayy
ur ‘noqe SPIME PaIIM
s066T Surqadurod  Ajqes
-1idxaur ‘3uoy A[jeoids ue
ueIM pey uosusydels
[eaN ysim 1 Jeyy 3ury)
-owos s3] '9[oy 3qqel
paisim} Anjaydiep pue
daap e umop spes] yorym
uonsanb  opdumts  A[Sur
-W2as B SI SIYL (J1o3uo]
S]] © 10 J93I0ys I[N B

jou pue ‘st 31 se 3uo[ M
Se puodas e SI AH

Spu02as

[eoTWIOUO0I}SY

yundiapyos Aq

Sa[edsawl],
JO MIIAJIAQ JOLI] V (SPU0DIS
dea1 ym [eaq ay3 sJeym

os[e a1 66£°98 pue 10798
nq ‘Aep D1N © Ul SpU0das
00%‘08 2/ sKem[e jsoul
-[e azoyl ‘uonuyep Aq
00%'98 J& paxy Ajonjosqe
jou s Aep ® Ul SPU0d3s Jo
JaqUINU Y3} I9YM J[eds
sy Ajuo 9y} DI Soyew
syl Aep aemoned auo
uo puodss s[3uis e 3ur
-AOWdI J0 Sunaasul Jay)
-18 Aq JusmuuIfe 0juI yoeq
PP ST DLN ‘UOIIdAIIp
JaU3Ia UI ‘SPU0as 6°0 Paad
-Xa 0} YOBI} UO ST 90UAI
JIp 3eU3 ] 00[ 31 S
Kuy -patojiuow AJ[njaaed
ST - 1N pajousp Ayuenb
B - 1N pue DIN Usamiaq
OURISJIP oYL  'SIY} SI
S[I0M 31 Kem a1 "pu0das
deay a3 usaq sey ao10yd
Jjo ey A[3n a3 ‘zL6l
ur 3unJaels ‘mou sieak 0g
jsowe Joj inq ‘pauysp
ISIj SeM 31 9OUIS JeyM
-owos padueyd sey 1N
Buik[aepun yoey £[3n oy
Jo aanjeu aswaid ayL
“Te[n3a1u1
Ajqe3orpaadun st uonejol
Jo 931 asoym 2qo[3 3uu
-urds e g3Im UOTJeSIUOIyD
-ufs pue ‘spuodas Je[n3ai
Ap3093aad :ofeosowmy € JO
sonjaadoad  s[qredwoour
A[euswiepunj Ing 9[qe
-IISOp OM]} J[IOU03I 0}
jdwepe uloqqnis e Sl
JLN se ‘Aem Joylo Aue
aq jouued 3 ‘syoey £[3n

Buisn  ‘sasturoadwiod [ed
-TUyDa) [[e oI ‘paAsiyoe
SI UONBSIUOIYOUAS SIYL
‘a3essed UuBo20 dJES U0J
Koemdoe JuaINS YIM
uorje3IABU [BIISO[9D ULIO]
-1ad 0} sioxejess smoje
3 'Yl LN yiIm ysSnous
AJosopo pastuoaypuAs jday
SI D1N ‘siswouoJise pue
sJo[res jo urideyd 9yl 03
‘LN woxy Aeme Jay3ang
J9AS JJLIP O} PauUIISap ST
IVL seataym ng K[asid
-aad K1 sarousnbaiy pue
S[eAIOJUT QWI[} dINSEaUl
A[qera1 pue sjuawINIISUL
II9Y) 9jeIqI[ed 0} plIom
a3 punoJe s1eauidus pue
SISTULIOS SUIMO][E ‘SUI0je
WN[Soed UO paseq Ppuo
-09s paepue)s IS a3 Suisn
‘1oy30 Aue se 3uoj se £[3oe
-X3 S )1 JO puodas 1aa7
"3[edS ST} OIWIOJe UE SI
D10 ‘TVL 11 TV pue 1n
U2oM)aq 9[edS dW} ISIUW
-oxdwod a3uea3s e si J[asit
D10 asnedaq ‘uniy Jeym
-owios SI SIYL ‘(, QuUuopo
-0) [osaaa1u() sdwia],, 10J)
JN1 UOIeIAdIqQe Youa]
Sy} pue 1ND UOIEIAdIq
-qe ysi8ug ayj usamiaq
astwoxdwiod a8ueys e st
JLN UoneIAdIqqe YL
iJo paeay] aaey ajdoad
[euLiou UIYISWOS  “ISE]
Je - DLN JO ‘OUILL [BSIdA
-UN  PajeuIpIoo) JIajud
‘Addey Apoghiens oyew

¢l

pue spiom 13oq Jo 3saq
syl anomyoe o3 dweie
UE Ul ‘9[BOS W] Joyjoue
10A pauyep (S¥dl Aq o3
pUE SWEU J191]] JO UOISIoA
ysybug ay) 23eIAdIqQe 0}
[1e8 91[3 9ALY OUYM ‘DITAIDS
uoljeloy Yej [euoneu
-12Ju] 3Y3 pue ,SaInsa
19 P10 Sop [BUOIIBUISIU]
neaing, ydualj Y3 Ioj
‘INdIg J0 ‘saanses|N pue
SJyS1oMm Jo neaing [euon
-BUIajU] Y3 Jo uoneulq
-wod e 0] passed usaq
sey yo1oj ay3 Aepoj Inq
‘QINSH,| 9p [eUONEUID)
-u] neaing, Youail 9y}
J10j ‘HId Jo ‘neaing swiil
[euonIEUIa]U] Y] SeM JBY]
uayj yoeq) aq jey3 siemod
ay3 0961 ul 3sT Arenue[
Uo ‘uoIsnjuod 03 peay Al
-sea p[nod yorym ‘sasod
-ind juaisyIp J10J S[eu
-31s ow) JUaIAPIp OM]
Sunseopeolq jo peajsu]

soey]) 3urjeurpaoo)

Apoq
-K1ond 10J Juawaaoxdur
ue A[enjoe jusem o[eds
swy VL ,pansordur pue
Mmau,, 3] Jey} Juesw SIYL
'sIejs ay) pue yeg oyl
Y3IM [OUAS Jo Ino Jayung
payup IVL Se 9jeIndde
sso] A[3ulsealoul awodaq
pInom uore3iAeu [er}sa[ad
‘LN Jo peajsul [V1 3ursed

Spu02ag dpaT ynm [paq ay1 SIVYM



4 What's the Deal with Leap Seconds

few subtly different vari-
ants, denoted UT0, UT1
and UT2, but we'll gloss
over that here). The offi-
cial determination of UT
nowadays is based mostly
on measurements made
at observatories tracking
the movement of distant
radio sources across the
sky as the Earth rotates.
This is easier than mak-
ing precision measure-
ments of the sun, but is
still measuring the exact
same thing.

Earth is a Nice Place
to Live, but it’s not
the Best Clock

The problem with an as-
tronomical definition of
the second is this: the
Earth doesn’t actually ro-
tate at a perfectly con-
stant rate (it wasn’t un-
til the 19th century that
we could build clocks ac-
curate enough to notice
this). In fact, the Earth’s
rotation is slowing down.
Very slowly, of course.
Every century, a complete
rotation takes about 2 mil-
liseconds longer than it
used to. The rate of slow-
ing down is not steady.
Some years the change is
more and other years it’s
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less. In fact, even though
the overall trend is one
of slowing down, some
years the rotation actu-
ally speeds up. The dy-
namics of the process are
complicated, and we can’t
make accurate long term
forecasts.  Gravitational
interaction between the
Earth and the moon is
the primary driver, but
the movement of tec-
tonic plates and friction
between Earth’s surface
and its atmosphere and
oceans have their say, too.
The Indian Ocean Earth-
quake in 2004 was pow-
erful enough to shorten
the length of a day by
2.68 microseconds. There
are even periodic varia-
tions in the rate of rota-
tion that we just don’t un-
derstand the cause of yet.
But the take home mes-
sage is that, whatever the
causes, astronomical sec-
onds actually have small,
random fluctuations in
their duration over long
time spans. If you define
the second by looking into
the skies, no two seconds
are exactly the same.
That’s a pretty incon-
venient property for the
official definition of a fun-
damentally  important
unit like the second to

have. For most of the
time this definition was
used, the fluctuations
were smaller than we
could reliably measure.
Certainly, they weren’t
enough to have an im-
pact on everyday life. No-
body was going to be late
to lunch because of the
Earth’s unsteady rotation.
But by the 20th century,
scientific and technologi-
cal progress meant these
tiny fluctuations started
to matter, as we began
measuring natural phe-
nomena and building ma-
chines which operated on
very small time scales. A
10 megahertz radio oscil-
lator, for example, has a
period of 0.0000001 sec-
onds - only 100 nanosec-
onds!  Gigahertz radia-
tion, which is important
in radio astronomy and
was used for communi-
cations and radar during
WWII decades before it
came to underpin mod-
ern technology like GPS,
WiFi, and mobile data net-
works, has periods mea-
sured in picoseconds. Even
very, very small variations
in the length of a second
are enough to make the
measured frequency of
radio waves change, even
if the actual frequency

is fixed. Modern tech-
nological society simply
couldn’t be built using
a wobbly clock like the
Earth.

Atomic Seconds

Fortunately, in the 1950s,
atomic clocks were in-
vented which kept time
better than any previ-
ous mechanism. I'll gloss
right over the details, but
suffice it to say, we came
up with a new way to de-
fine the second which
involved measuring the
properties of caesium
atoms instead of look-
ing at things moving
through the sky. In 1967,
the relatively young In-
ternational System (or
SI, for the French “Sys-
téme International”) of
units redefined the sec-
ond on this basis. The new
atomic second was de-
fined such that it had the
same length as the astro-
nomical second in use be-
fore it, as far as measure-
ments at the time could
tell, but it had the added
bonus that the length of
the second was then fixed
and unchanging. Caesium
atoms at a given tem-
perature “vibrate” (very
loosely speaking) at a fre-

quency which, as far as
we can tell, is completely
and perfectly stable, and
which can be measured
very accurately in a suffi-
ciently advanced labora-
tory.

With the arrival of
atomic seconds, a new
time scale was also de-
fined: International
Atomic Time (or TAI, for
the French “Temps Atom-
ique International”). At
midnight on January 1st
in 1958, TAI and UT were
perfectly synchronised.
Ever since then, they have
slowly but surely drifted
apart. The seconds of TAI
are of perfectly unchang-
ing length (as measured
by averaging hundreds of
atomic clocks all over the
world), but the seconds
of UT fluctuate with the
Earth’s rotation. The ac-
cumulated drift up until
now is a little less than 40
seconds, but it will con-
tinue to grow, without
limit. And while the per-
fectly uniform seconds of
TAI make it the perfect
tool for some tasks, this
drift apart from UT makes
it problematic for others.
If you go outside at noon
UT in Greenwich, England
(or anywhere else at 0 de-
grees longitude), the sun

4.3 Atomic Seconds

will always be high in the
sky. This is true today and
it will be true in a thou-
sand years, Because UT is
fundamentally linked to
the Earth’s rotation. TAI,
on the other hand, is fun-
damentally divorced from
it. Thousands of years
in the future, there will
come a day when, accord-
ing to TAI, the sun rises in
Greenwich at midnight.
This isn’t just an ab-
stract concern for the dis-
tant future. In the late
’50s when TAI was de-
fined, it was still common
for ships at sea to figure
out where they were by
using a sextant to record
the position of the sun
above the horizon at a cer-
tain time and consulting
a printed table of conver-
sions. For this purpose,
ships carried the most ac-
curate clocks they could
afford, and compared
them regularly against
true UT time using time
signals broadcast by ra-
dio stations all over the
world. Celestial naviga-
tion works very well when
using a timescale which is
tightly linked to Earth’s
rotation, and hence the
position of things in the
sky. But if the radio time
signals switched to broad-
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