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11 PARABLE OF THE SURVEYORS

disagree on northward and easfward
separations; agree on disfance

Once upon a time there was a Daytime surveyor who measured off the king's lands.
He took his directions of north and east from a magnetic compass needle. Eastward
separations from the center of the town square he measured in meters. The northward
direction was sacred. He measured northward separations from the town square in a
different unit, in miles. His records were complete and accurate and were often
consulted by other Daytmers.

A second group, the Nighttimers, used the services of another surveyor. Her north
and east directions were based on a different standard of north: the direction of the
North Star. She too measured separations eastward from the center of the tcown square
in meters and sacred separations northward in miles. The records of the Nighttime
surveyor were complete and accurate. Marked by a steel stake, every corner of a plot
appeared in her book, along with 1ts eastward and northward separations from the
town square.

Daytimers and Nighttimers did not mix but lived mostly in peace with one another.
However, the two groups often disputed the location of property boundaries. Why?
Because a given corner of the typical plot of land showed up with different numbers in
the two record books for its eastward separation from the town center, measured in
meters (Figure 1-1). Norchward measurements in miles also did not agree between the
two record books. The differences were small, but the most careful surveying did not
succeed in eliminating them. No one knew what to do about this single source of
friction between Daytamers and Nighttimers.

One fall a student of surveying turned up with novel open-mindedness. Unlike all
previous students at the rival schools, he attended both. At Day School he learned
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DAYTIME: MAGNETIC NORTH

Student converts miles to meters

NIGHTTIME: NORTH-STAR NORTH

FGURE 1-1. The roun ar plotted by Daytime and Nighttime surveyers, Netice that the line of
Dhayereme magnetic noeth pard grazes the el snche af the worih gare. while the ftwe of Nighitsrme Norih-Star
morth fust rrazer i ngi]t srile af the wame gate. Steel staker A, B, C, D driven imte the PYLE NG mark s
cormers of a drspured pior of lamd  As shown, the ecstward separvatron of stake A from the north—souih line
mcasured by toe Daytime suvveyor 0 diferent from thar mcasured by the Nighetime survevor.

from one expert his method of recording locations of gates of che town and comers of
plots of land based on magnenc north, Ar Night School he learned the other method,
based on North-Star north.

As days and nights passed, che student puzeled more and more in an attempe to hind
some harmonious relationship berween nival ways ot recording location. His arrention
was attracted to a particular plorof land, the subject of dispute between Daytimers and
Nighrttimers, and to rhe steel stakes dnven into the ground to mark corners of this
disputed plot. He carefully compared records of the two surveyors (Figure 1-1, Table
1-1)

In dehance of raditon, the student rook the danng and herencal seep of converting
northward measurements, previously expressed always in mules, into meters by mult
plying with a constant conversion factor £ He found the value of this conversion facror
to be £= 1609 _344 meters /male. So, for example, a norchward separanon of 3 miles
could be converted ro £ X 3 mules = 1609.344 meters,/mile < 3 miles = 4828.()32
meters. At last we are treanng boch direcaons the same! ™ he exclaimed

Next the student compared Dayome and Nighmme measurements by mryving
various combinations of eastward and northwand separacion between a given stake
and the center of the town square. Somewhere the student heard of the Pythagorean
Theorem, that che sum of squares of the lengrhs of two perpendicular legs of a right
triangle eqquals the square of the length of the hypotenuse. Applying this cheorem, he
discovered thar the expression

Daytime Daytime
northward eastward |2
£ X | separaton t | separanon (1-1}
(miles) (rneters)
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ne survevor lor stake C (Table 1-2). He
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rricd the same comparison on recorded positions of stakes A, B, and P2 and {ound
agreement here too. The student’s excitement grew as he checked his scheme of
comparison for all stakes at the corners of disputed plors — and found everywhere
dgrecmoent.

Flushed wirh success, the studenr merhodically converted all northward measure-
merts to units of merers. Then the student realized char the quantiry he had calculated,
the numencal value ot the above expressions, was not only the same for Dayome and
Nighrume measurements. It was also the square of a length: (meters)®. He deaded to
rive this length a name. He called it the distance tfrom the center of tow

o
northward |4 castward |
{:||'-.=’.LI:1~:;I'1 — ‘_‘_-d.'j".!-‘.lH'.H:- I eparanon {1-2)
(mecrers) {meters)

He said he had discovered the principle of invanance of distance; he reckoned
exactly the same value for discance from Daytime measurements as from Nighrame
measurements, despite the face that cthe two sets of surveyors’ numbers differed
significantly (Figure 1-2),

After some imaal confusion and resistance, Daytimers and Nightomers welcomed
the student's new wdea. The invariance of distance, along with further resules, made it
possible to harmonize Daytme and Nighrerme surveys, so everyone could agree on the
locaton of each plot of land. In chis way the last source of friction berween Dayamers

ind Nighrouners wis removed. e
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disagree on separations in space and time;
agree on spacetime inferval

The Parable of the Surveyors illustraces the naive state of physics betore the discovery
of special relativity by Einstein of Bern, Lorentz of Leiden, and Poincaré ot Pans
Narve in whar way! Three central pomnes compare physics at the turn of the cwennech
century with surveying before the studenc arrived to help Daytimers and Nightamers,

First, surveyors in the mythical kingdom measured norchward separadons in a
sacred unit, the mile, different trom the unit used In measunng eastward separanons.
Similarly, people studying physics measured time i a sacred amie, called the second,
different from the unit used 1o measure space. No one suspected the powerful results
of using the same unut for both, or of squaring and combiming space and ame
separarions when boch were measured in meters. Tame in meters is just the time it takes
a lighe flash to go thatr number of meters. The conversion factor berween seconds and
meters 1s the speed of Light, ¢ = 299 792 458 meters/second. The velocity of ighe
(in meters /second) muluaphed by time ¢ (in seconds) yields ¢f (in meters)

The speed of Lighr 1s the only narural constant thar has rhe necessary units to convere
a time to a length. Historically the value of the speed of light was regarded as a sacred
number. It was not recognized as a mere conversion factor, like the factor of conversion
berween miles and meters—a factor that arose out of histoncal acadent in human-
kind's choice of units for space and ime, with no deeper physical significance

Second, in che parable northward readings as recorded by two surveyors did non
differ much because the two direcuons of north were inclined to onc another by only
cthe small angle of 1 15 degrees. Ar hirse our mythical srudent thoughe that small
dhifferences berween Daynme and Nightnme northward measurements were due
surveying error alone. Analogously, we used to think of the separation in time berween
rw0 electnic sparks as the same, regardless of the motion of the observer, Only with the
publication of Einstein’s relativity paper in 1905 did we learn chae the separacion in
rime between rwo sparks really has different values for observers in different states of
motion —in different frames.

Thunk of John standing quietly in the tront doorway of his laboratory bulding
Suddenly a rocker carrying Mary flashes chrough the front door past John, zooms
down the middle of the long corndor, and shoots out the back door. An antenna
projects from the side of Mary's rocket, As the rocket passes John, a spark jumps across
the |-millimeter gap berween che antenna and a pen in John's shire pocket. The rocker
continues down the cormndor. A second spark jumps 1 milhmeter berween the antenna
and the fire exanguisher mounted on the wall 2 meters farther down the cornidar. Sall
later other metal objects nearer the rear recewve addinional sparks from the passing
rocker betare 1t hnally exits chrough the rear door

John and Mary cach measure the lapse of rime berween “pen spark™ and “fire
exnnguisher spark.” They use accurate and fast elecrronic clocks. John measures
this tme lapse as 33.6900 thousand-millionths of a second (0.0000000336900
second = 33.6900 X 107 second). This equals 33.6900 nanoseconds in the
terminology of high-speed elecrronic circuinry. (One nanosecond = 107 second )
Mary measures a shghdy different value for the nme lapse between the two sparks
33.0228 nanoseconds. For John the hre-extinguisher spark s separated in space by
20000 meters from che pen spark. For Mary in the rocket the pen spark and
fre-extinguisher spark occur at the same pliace, namely at the end of her antenna. Thus
for her their space separation equals zero,

Later, laboratory and rocket observers compare chear Space and tme measurements
berween the vanous sparks (Table 1-3), Space locanons and ame lapses in boch trames

are measured trom the pen spark
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Discovery: Invariance of
spacetme intervol

CHAPTER 1 SPACETIME: OVERVIEW

SPACE AND TIME LOCATIONS OF THE SAME
SPARKS AS SEEN BY TWO OBSERVERS

[ hslan and 1ime Betioeen j."_.'H'..l ai measured by ofserver ul
Afcmding faboratory { foonm) it Ay Ee vk et (Mary)
Distance I umee [ harance Time
| MCECTs ) L s oS [ merers) {(nancsconnis)
R eferende -._.‘“..ri. 4] i3
PEnN 5Pl )
apark A LK) 33 GUIN) {) 13 (127K
{ hre-exonguishe
srark)
Spark B AR 50 9350 10 5343
mpark ¢ 5 O R4 2250 32 557
Spark §J B OO0 | 44, 76400 1320015

The third poinr of comparison berween the Parable of the Surveyors and the srare of

i

physics betore special relanviey is this; The mythical scudent 's discovery of the concept

of distance 15 matched by the Emstein— Poincare discovery in 1945 ol the invarant
spacetime interval (formal name Lorentz interval, bur we often say just inter-
val). a central theme of this book . Leg each nme measurement in seconds be converred

to mecers by mulcplying it by rhe “conversion factor ¢, the speed of light
200 702 458 meters/second = 2 99792458 X 10° meters /sevond
= (0.209792458 A 107 merers/second = 0.29979 2458 meters /nanosecons

Then the square of the spacenme mnrerval 15 calculared trom the laboratory observer s
measurements Dy fuofracting (e 5 |UAre of the SPdul sCparaton from the se JUare ol the
rime separation. Note rhe minus sign in equiation (1-4)

Laboratory Laboratory
(o A TI° space .
(mrerval) = | ¢ X sCpararion SEPHLCA TN {1-4j
. (seconds) J { meters)

The rocker calculation grves exactly the same value of the interval as che laborarory
calculanon,

Rocket Rocket

E1m 'S & spice A
(interval)? = | ¢ X | separation SEPAraton {1-%
\ (seconds) | (merers )

even though the respective space and nme separatons are not the same. Two observen
hnd different space and nme separanons, respectively, berween pen spark und fire-

extinguisher spark, but when they cal

culate the spacetime interval between thes
Sl ks rheir resules agree (Table 1-4)

[he student surveyor found char invanance of distance was mose simply wrnitten
with bath northward and eastward separanons expressed in che same unie, the meter

Likewise, invanance of the spacetnme initc rval 15 mos -.Illll‘i‘u' WrLCten with space and
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'he invariance of the spacetime interval — s independence of the state of
moton of the observer— forces us to recognize that ame cannot be separated from
space. Space and rme are pare of a single entty, spaceume. Space has thre
dimensions: norchward, eastward, and upward. Time has one dimension. onwas
The interval combines all four dimensions i a single expression. The geomerry of
SPACETLTIE rruly tour-dunensional

To recopnize the unmy ol spacetime we tollow the procedure chat makes a landscap
take on depth—we look ar e trom several angles. Thar 15 why we compare space and
ame SCparanons berween evenes A and B as recorded E“_r' rwo different observers in

relanve moTion

W’hy the menus s1gn in the equation for the interval? Pythagoras tells us to ADD th
grares of movtbuard and eavtward wparatiens to get the sguare of the i stanee. Wihn
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