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Seeing vs. Measuring

Richard Kaufman, Office Expander, Andover, MA &9 R
André Heck, University of Amsterdam, Amsterdam, the Netherlands ‘

everal physics educators'* have pointed out the impor-

tance of distinguishing between visual observation and

coordinate measurement in special relativity theory. In
this paper, we discuss how an animation taken from Caltech’s
acclaimed series The Mechanical Universe™® incorrectly at-
tributes time dilation to visual observation when it should be
attributed to measurement of elapsed time. This illustrates
that even physicists and textbook authors sometimes get it (ac-
cidentally) wrong or present things in a confusing way. Let this
be a comforting thought for students and teachers who strug-  KC i
gle with the learning and teaching of the subject at levels rang- Fig. 1. Henry’s observation that he is at the center of the expanding

ing from high school to college or university: special relativity  sphere of light while riding on a train at a speed of 0.4c relative to
theory is challenging, and reasoning mistakes are easily made. the ground. His light detectors, shown as flags, flash simultaneous-

We refer to the overview of learning difficulties of secondary ~ !¥» While those on the ground flash at different times. Reproduced
and lower undergraduate students written by Alstein et al.,” with permission from Refs. 5 and 6.

inspired by the analysis of college physics textbooks by Dim-
itriadi and Halki.® The example in this paper is also meant to
encourage and support teachers to discuss with their students
the distinction between seeing and measuring.

(c) (@)

emcGOoOnC mcGoODC

Seeing the light

In this section, we will consider Caltech’s acclaimed series,
The Mechanical Universe ... And Beyond, by David Goodstein.
The series was released in the mid-1980s. It has 52 episodes for
introductory college physics. Episode 42 is titled “The Lorentz
Transformation,”” and won the 1987 Japan Prize for educa-
tional content.” The subsequent episode is titled “Velocity and
Time,”® and continues the discussion into Einstein's relativity.
The videos and animations consider that

® the speed of light in free space has the same value cin all
inertial frames of reference;

Fig. 2. Albert’s observation that he is at the center of the expanding

* space (length) and time are each relative measures; sphere of light on the ground. His light detectors, shown as flags,
. . . . . flash simultaneously, while those on the train flash at different
® observers in uniform relative motion to each other will  {imes. Reproduced with permission from Refs. 5 and 6.

disagree on whether events occur simultaneously.

light strikes Henry’s detectors at two different times.

Both episodes show Figs. 1 and 2, which capture a sequence Meanwhile, Henry sees the same thing — in reverse.

of moving animations. Henry Lorentz is on a train moving They agree on the speed of light, but they disagree on

to the right at 0.4c relative to Albert Einstein, who stands on whether events happen simultaneously or at different

the ground. The following text is from Episode 42 (starting at times.

8:24)":
... at the exact place and time they pass each other, they Later, 3D-like space-time diagrams are used (and offset)
observe a flash of light. A sphere of light expands out- to show how each observer views their own light detectors to
ward from that point. Since each measures the speed of flash simultaneously. However, we will focus on Figs. 1 and 2.
light relative to himself, each believes correctly that he This demonstration must use an exceptionally long train
is always at the center of that expanding sphere — even (and exaggerated dimensions for each man) since the speed
though they themselves move farther and farther apart. of light is used. Although the videos for Figs. 1 and 2 show
How can two people in different places both be at the cen- when the light detectors are triggered, they do not show when
ter of the same sphere? each observer sees the detector triggered. So, while watching
To confirm his perception, each sets up light detectors an the videos, we might ask when the light from each light detec-
equal distance apart. However, while Albert’s detectors tor actually reaches an observer.
register the light arriving simultaneously, he believes the Specifically, we will consider Fig. 2, where the sphere of
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light expands in Albert’s rest frame. In his own frame, Albert
can trace the light from Henry’s detectors to show that Henry
sees them flash simultaneously. At the exact time that Henry
and Albert pass each other, the flash of light starts, and the
time is set equal to 0. In Albert’s frame, the expanding light
sphere hits the left light detector, Dy, on the train first, and
gives off flash 1 [shown in Fig. 2(b)]. When the sphere hits the
right light detector, D,, on the train, it gives off flash 2 [shown
in Fig. 2(d)]. In order to quantify how long it takes for these
light flashes to reach the center of the train where Henry is
located (at a scale where he would appear to be microscopic
relative to the wide length of the train), we must do some sim-
ple algebra for Albert’s frame, in which

cis the speed of light;

vis the speed of the train to the right (0.4¢ in the video);
lis half the train’s length;

t1 is the time for the expanding sphere of light from the
center to hit Dy, causing the flash 1 flag activation;

t, is the time it takes for the light from flash 1 flag activa-
tion to reach the center of the train;

t3 is the time for the expanding sphere of light from the
center to hit D,, causing the flash 2 flag activation; and

t4is the time it takes for the light from flash 2 flag activa-
tion to reach the center of the train.

The following calculations of times ty, t,, t3, and ¢, are all
based on the speed of light c, the velocity of the train v, and
the distance formula distance = velocity - time:

ct,=1—vt, sot = ;
c+v

l
ct,=1+vt,, sot,= ;
c—v

I
ct,=1+vt,, so t,= ;
c—v
l=vt, +ct,, sot,= .
4 4 4 c+v

Therefore, the time for the initial flash of light to hit D;
and then the subsequent light from flash 1 flag activation to
reach the center of the train is

I

L+t =

The time for the initial flash of light to hit D, and then for
the subsequent light from flash 2 flag activation to reach the
center of the train is

) )
+ .
c—v c+v

t,+t, =

Therefore, t; + t, = t3 + t4. Note that all calculations are
done from Albert’s frame (so / could be length contracted, but
the last two equations are still equal).

Therefore, Albert judges that Henry sees that both flash
1 and flash 2 are triggered simultaneously, in Albert’s frame.
And, of course, Henry sees these flashes to occur simultane-
ously in his own frame of reference. This seems to make sense
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after all, but it just required a little more thought, since it was
not explicitly stated or shown in the video. Perhaps there is
more agreement between observers after all. The key point
is that, when inertial observers actually see an event, light is
a factor in accounting for some apparent discrepancies ob-
served in their relatively moving frames.

The next episode of The Mechanical Universe, Episode 43,°
also shows Figs. 1 and 2. The following text attributes differ-
ences in simultaneity to time dilation. The text begins at 6:17:

Time is relative, [Einstein] said, and a matter of simul-
taneous events. And in Einstein’s relativity, which is re-
ality no matter how it’s looked at, simultaneity is a mat-
ter of opinion. Notice, for example [Fig. 1], what hap-
pens when a light is switched on as Henry’s train moves
by [Fig. 1(a)]. The light reaches the front and rear of the
train at the same time - at least that’s how Henry sees it
[Fig. 1(c)]. But consider an outsider’s point of view [Fig.
2]. To Albert, at rest on the ground, the rear wall comes
up to meet the light, [Fig. 2(b)] and the front wall moves
away from it [Fig. 2(d)]. These two events don’t look
simultaneous at all. And that’s the essence of the time
problem. And in physics, the explanation of the problem
starts with time dilation.

We have difficulty with the last two sentences, which may
confound “measuring of events” with “seeing of events,” es-
pecially when the video does not even follow the light back
to the observer’s eyes. We disagree about the impact of time
dilation on “why two events don’t look simultaneous at all”
Here, there is no “time problem” when the time of light travel
is accounted for. That is, as shown above, the light is seen at
that same time. The explanation for the differences in what is
observed here has to do with the travel of light through dif-
ferent distances to reach the eye of an observer. As discussed
earlier by Heck et al.'” and by Scherr,' the Lorentz trans-
formation for time dilation and length contraction is not “a
correction for signal travel time” of light, which is all that was
shown in the Mechanical Universe video.

Time dilation is valid for understanding when and why
a clock in another inertial frame would be measured to run
slowly. However, there is no time dilation effect at an instant
in time for an event, especially when we account for when it is
seen based on the travel of light.

Do not think that the above video fragments and ac-
companying texts are the only ones that blur the distinction
between visual observation and coordinate measurement
in special relativity theory. Hughes and Kersting” made the
following statements that are relevant to the above discussion
and pointed at another publicly available video in which a de-
piction is misleading:

* “What we see also depends on the differing time light

takes to reach our eyes from different parts of an object.”

¢ “In these hard-to-visualise learning domains, it is com-
mon for students (and educators) to hold mistaken ‘pic-
tures’ and related misconceptions, which can impede
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learning. Unfortunately, in the case of special relativity,
these erroneous pictures are often perpetuated by reli-
able, as well as unreliable sources.”

* “A typical example is a BBC YouTube video'' in which a
train with a clock on the front is approaching a station.
The video states that someone sitting on the platform
would see the train’s clock moving more slowly than
their clock. Unfortunately, the BBC video’s depiction is
incorrect; they have made a common error”

® “The misconception relates to confusing the time dila-
tion equation ... with what we ‘see”

® “As with length contraction, the time dilation equation
does not describe ‘what we see. It describes a particular
measurement procedure (‘what we measure’)”

The third citation ends with a notably harsh conclusion.
However, after watching the full documentary,'* which in-
cludes the conversation preceding the fragment shown in
the YouTube movie'' —a discussion of a thought experiment
comparing time in a moving reference frame (the train) and
anonmoving reference frame (the platform)—it becomes
evident that the sudden appearance of a clockface on the
front of the train in the animation causes confusion. Is the
clockface meant to be readable by any observer on the plat-
form, as Hughes and Kersting suggest, or is it simply a visual
representation of the wristwatch on the arm of the person on
the train, intended for the convenience of the documentary
viewer? The latter interpretation is likely what the documen-
tary creators had in mind, as the full documentary discusses
the differing time recordings on fast-moving and stationary
wristwatches. In any case, this example supports the fact that
even physicists, textbook authors, and creators of educational
videos sometimes blur the distinction between measuring
and seeing, or unintentionally present things in a confusing
way.

Conclusion

In our opinion, The Mechanical Universe is an excellent
series about physics. Although we note that it incorrectly
attributes time dilation to something that is seen rather than
measured in the referred animations, the series is still out-
standing. The video animations are very well done. We would
have liked to see the video animation be extended to show the
light from the light detectors reach the observer’s eyes. This
would have helped to highlight the difference between seeing
and measuring. It would have also helped to show that time
dilation is based on measurement instead of seeing. Finally, it
would have been consistent with other resources such as the
Physics High video®: what is seen is usually contrary to what
is measured. That is why the creators of the video indicate
that a moving clock is seen to move faster, not slower.
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