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Chapter I

THE MYSTERY OF TIME




THE MYSTERT

The measurenment of time is a puzzle. We
imay think of it as a way of describing the
interval between “*“before’ and ““after’. In
order to describe the measure of this
interval, man invented clocks. or ex-
ample, when there were no clocks mo one
could describe when the sun rose and set;
how the moon moved among the stars; and
why season followed season. Therte were
no calendars or clocks to imeasure days,
weeks, nmonths, years and hours.

When does timce begin, when does it
end? Could ycu imagine your world if time
could not be measured? In what situations
is time impoertant to you? How accurate
are you in judging time? How could the
duration of the event in Figure I-2 be
described?
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Figtere I-2

Right now. without looking up, write
down whuat time of day it is. Check your
estimate. How close were you? Is this
accurate enough for you to ““*keery on time?””
Could you judge a race or time an experi-
ment by estimating duaration? Compare
yvour ability to tell the measure of time
with that of your friends.

Try timing some events with an ordinary
clock. How long does it take you to walk
the length of your room or to go to school?
Make a rTecord of several trials. Have
someone else measure the time and
compare Yyour results. Make some other
measures of time such as the interval be-
tween a lightning flash and the sound of
thunder, or the length of time that NASA’s
Echo satellite is visible to yvou, (Figure 1I-3).
Today we tend to take time for granted.
Most of us may never really have thought
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You can usually judge the length of an
inch with reasonable accuracy. But one
hour of time may seem much longer than
another. Have you heard the saying, ““T'here
is nothing more plentiful than time?”
Certainly this is true when you are waiting
eagerly for something pleaS4nt to happen.
But when you are enjoying yourself at a
narty, you would be more hkely to agree
with another proverb, “Time flies.”

So we need a way of measuring time
that is the same for play—time, work-time
of just plain ‘“‘waiting’” time. Write what
you know to be our basic methods of time
measurement. Did you include stop
watches, rotation of Earth, the atomic
clock, and star transits?

Early measurement methods were in-
exact. As our lives become more complex,
we need to measure time more accurately.
But an exact measure is still one of the
most perplexing problems of our space age
and the search for an exact standard of time
rmeasurement continues.

Early Americans recorded the duration
of time in such units as moons and winters.
Is it possible to imagine a NASA/Goddard

zce Flight Center scientist saying an OGO
(Orb1t1ng Geophyslcal Observatory) satel-
lite has been in orbit for ‘five moons?”
Obvipusly, the units of moons asd winters
are not very useful today. However, they do
raise a question common to all units of
measurement — where does the measure be-

gin and where does it end? Whatever unit

of measure we use should give the measure
of time meaning. It needs to help us to
understand the duration between ‘before™
and “after.”

- Early man, like today S space sc1ent1sts,
needed to know enough about the passage
of time to make predictions so that he could
give order to his life. Copy and complete
Figure I-4"to list ways early man used time

for: prediction. . -Make  a similar list ‘for
- modern- man. You can see that we now

need a miore accurate measurement of tlme
than in the past. ‘

~ Beginning about 4000 B C. the c1v1hza-~ B

tions ‘of *Babylonia and Egypt flourished
in the valleys of the Tigris, Euphrates, and
Nile Rivers. Did you know that these
nations ‘are : credited with the invention of

. calendars as well as the sciences of astron-

omy and mathematics?

SOME APPLICATIONS OF TIME PREDICTIONS
EARLY MAN MODERN MAN

crop planting solar flares
flock movement launch windows
the first frost satellite orbits

river floods

food aonimal migrations

Figure I-4

Read the history of Central America
and find ancother people who made very
accurate predictions by using vnusual meth-
ods (Fig. 1-5).

To the Babylonians we credit those
parts of our measuring system based on
their mystic number twelve. - Perhaps this
was because astronomers observed that
there seemed to be twelve full moons in
the course of a year. Can you list those
parts .of our present measurement: systems
which involve twelve as a factor? For.
example, the Babylonian circle had "360

~degrees (12 x 30). There are 24 hours in a

day (12 x 2), 60 minutes in an hour (12 x

-5), 360 days ina year (12 x 30).

As one of the first observaticns made by

~ man was that the seasons reoccured after a

period of atiout twelve moons, the measure
of a year was considered to be about
twelve moons. Each moon was named
in relationship to some event in the life
of plants and animals or some sacred
observance. Each month began at sundown
of the day when the new crescent moon
was seen in the sky.

8
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a result, lunar calendars (Figure I-6), nceded
an extra month every few years in order to
match the seasons and make time predic-
tions more exact.

Certain Iunar measured caliendars have
been retained for use today. The calendar
used in some sections of India, the Fiebrew
religious calendar, and the Chyistian method
for fixing the date of Easter employ the
phases of the moon as a means of measuring
tiine. Probably no one in all Babylonia,
Egypt, Greece or Rome had ever thought of
a clock, vet these people could measure
the passage of time, appropriate to the needs
of their culture.

Figure I-6

When man first tried to tell timme by
observing the movemént of our planet,
Earth, it was as difficult as it would be
for vou to tell time from a clock which had
neither hands nor face. I.ost, forever in the
years before history. was written, are the
works of the early men who watched the

moving shadows cast by the sun, and used.

them to mark the passage of time, (Figure
I-7). Let’s examine how you can make
measurements similar to those of the ““lost>”
scientists. '
From sunrise to sunset, mark the end of
a shadow cast by a utility pole, flag pole,
fence post or other vertical staff. Record

i
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‘.the length for every hour as in’ rigure 1-8;
: _What ‘means can;you devise. to’ accurately: ]
-+, determine” the: end of the' shadow; measure - -
~the - time " intervals; ‘and :mark -shadow
lengths" “What kinds''of tables, graphs, "
can you develop. toi;'

“'be determined by,the un’s rays and how.,.f =
‘the tilt of Earth’s axis;causes. sunhght to:
- strike: Earth at-dlfferent arlgles Usmg ther

- 'shadows “cast “over.-a . Jong period of time.
1If " possible,’ ‘mark ‘the- shadow’s ‘position
directly ‘on the surface of the playground,
your driveway or other permanent location.
If not, record them on a large piece. ‘of chart ~_
paper. or. wrapping. paper. -Again note the -
exact location of the ‘pole’s shadows at the:

‘ same tnne each day and record the ]ength :

and position of the shadow at various times
during the day. Keep a record for ths school
year then you can compare the positions
and lengths of the shadows at the beginning
of the school year, during the winter, dur-
ing the spring and at the end of the school
year.

To help you understand the different
shadow lengths, conduct the following
investigation. - Place an unshaded lamp, to
serve as a sufl, in the center of a darkened
room. Attach a small stick or a figure
made of pipe cleaners to a world globe.

f Place the globe about 2 or 3 meters from

the “sun” so that its axis is tilted 23%
degrees toward the “sun.”” Measure the
shadow cast by the stick. Move the globe
tc the other side of the unshaded bulb,
placing it exactly the same distance from
the lamp as it was before. Do not change
the tilt of the axis. It will now tilt away
from the “sun.” Measure the shadow’s
length. Was the shadow longer when the
axis was tilted toward or away from the
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PAruntext provided by enic [

sun? You can see that the actual shadow
length will vary according to the object
you placed on the globe.

Remember the

Figure I-10

e g e o sl e P AT

place on Earth which is receiving the :nost
direct rays will have the shortest shadows.
What would you hypothesize if you moved
the globe (tilted the same amount and in
the same direction) to other positions
equidistant from the sun?

233 =
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12 mid
10 P,

12 noon
A 12 mid.

of daylight

Spring - 12 hours of
daylight

Summer ~ 15 hours of daylight

Autumn - 12 hours
of daylight

& Winter~9 1/2 hours §
! of daylight

You also_know from daily observations
that the number of hours of daylight varies
fchroughout the year. Figure I-9 illustrates
how ‘the hours of "daylight and - darkness
vary at the NASA/Goddard. Space Flight
Center, Greenbelt Maryland U.S.A.

If we recognize that the. changes in your -

‘shadows. and the- apparént posmon of the
‘sun are due to the motion of Earth in space,
‘we must ‘notice - ‘that there are two distinct
major . motions. ~The . first you have just .
investigated: ‘the movement of Earth in its
" orbit around the sun, revolution. The

.second .motion, of .course,-is the rotatlon

‘of Earth on its axis (Flgure I-10)..
.. ~Earth makes a complete rotation on its -
axis in about 23 hours and 56 minutes. We
call this a sidereal or star day. . Qur solar
day, however, is a few minutes'longer than
- this because as Earth rotates it continues to -
revolve around the ‘sun, (Figure'I-11).. Due
to variations in orbital speed our solar day
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Figure I' 11

varies from 23 hours 59 minutes to a little
over twenty four hours.

If we seek to determine how far the sun
will appear to move in the sky in one hour,
we calculate that if Earth rotates a complete
circle of 360° in twenty four hours, the
number of angular degrees for each hour of
rotation equals 360/24 or 15° per hour. The
sun then will appear to move 15° per hour.

If we select the point where the sun is
shining directly on Earth as solar noon, we
can tell the time at various points around
the globe by moving 15° in either direction
(Figure 1-12). . ' : '
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Prime Meridian which passes through Green-

~wich, England, serves.as a starting point for -
measurement ~ east “and - west a_l_round ‘the -

‘g'lob‘e.’f(Fi"gure I-13.)"

To summarize, Earth rotates from west

to east. Therefore, the sun’s apparent

_path is from east to west and your shadow

records move from west to east. The sun’s
‘apparent motion across the sky can"be used
‘to.measure time. ARSI

- gave a measure to parts of the day. - .

L Fwe Rl o
" Priot t0' 2000 B.C.,- the first known -
shadow. clock (Figure I-14) was built. -This

AL stick was joined “to :a_long, narfow -
R e . 7 piece.of ‘wood to: form a T (Figure 15)..
- These -hour lines are the meridians. The = ]

The ‘piece - of 'wood had markings which
represented hours: of the day. This took
up a lot. of space and was later replaced .
by -the ‘sundial which Was both more con-:
venient and more accurate. cL

" Based on observations that the length

of the shadow changed with the seasons,

. the.sundial was developed to permit allow-

ances for position on Earth and the seasons
of the year. You have seen how your

own ‘shadow charts could be ysed to_tell




time. But a major difficulty would be to
make charts that would be correct regard-
less of the season or your positicn on Earth.

You can build a measurement instrument
that will record local sun time corrected
for position and season. Your sundial will
have four parts (Figure 1-16). The shadow
stick or. gnomon (pronounced no’maén), the
eauatorial ring on which to read gnomon
shadows, the equatonal ring support, and
the base are the four parts of the sundial.
Use stiff cardboard or flexible metal for
construction of the gnomon, the equatorial
ring, and support. If cardboard is used, a
weather-resistant spray will mazke your

EQUATORIAL RIN:G

—17IN,—

RING SUPPORT

. 1/2IN,
OVERLAP SLIT 1IN, DEEP  SLIT 1/2IN, DEEP \SLITHN ‘DEEP
T7 W T 1 1 1 1T ¥ 1 1 1 r I'Tl
3IN./ PM. 6 5 4 3 2 1121110 9 8 7 6 AM.
A T N N S T S
21N ZIN.A P~ o n.— 241N,
8IN.

"7:’51 2IN; 31/2|
 ' /' _“IJ A

teN,

19IN
thure 116

SLIT FOR RING
SUPPORT

- | | —LB :  | .

TO ’NORTH S
- STAR g

- Figure I- 1'7 .
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.from the position of the leading edge of the

- devices were. water.clocks and‘hour glasses. . -
‘Both inventions : were based on the prmc1ple

sundial more permanent. The base is made
of wood.

Note, when constructing the gnomon,
the angle @ (called “theta’) should be
equal to your local latitude. Your local
iatitude may be determined from a map.
Measure this angle carefully with a pro-
tractor. In Figure 1-16, the distance AB is
given for a latitude of 40° If your latitude
is less than 40°, angle 6 will be '“*s than
40°. If your latitude is greater thne. i {°
angle 8 will be greatsr than 40°.

After making the parts according i.o tihe
dimensions in Figure I-16, bend the egua-
torial ring into a circle with the markimgs
on the inside, and fasten the two inch ome=r—
lap with g_lue .Slide the gnomon intc the
notch of the wooden base and insert the
equatorial ring support into the gnomon.
After the equatorial ring slits are hooked
on the supports, your sundial should Iook.
like Figure I-17.

In use, your sundial should be on a lewe*
surface with the gnomon pointing due
North. North may be determined at night
from the position of the North Star,
Polaris, or in the daytime by using a
compass. On sunny days, the time is read

3

gnomon shadow - on -the equatorial ring -
scale. This will be your local solar time.
Civilizations ‘using sundials sought to °
overcome difficulties such as cloudy days -
and darkness by the use of devices that did ..
not depend on Earth’s rotatlon Twe such

of rate cf fiow

vFigure r18.

10"

About 800 or 900 B.C. the water clock,
a clepsydra (klep’ se-dre). was developed.
It was a bowl with a small hole in the
bottom. When the bowl was' filled, the
water dripped out slowly. By marking the
inside of the bowl with lines, time was
measured as the water level became lower.

The trouble with the clepsydra (which
means water thief) was that someone had
to fill the bowl as soon as the water ran
out. Then too, the rate of water flow
changed as the reservoir emptied and, of
couzse, a frezen water clack was not a l7ood
mezsuring device!

Asis the art of glass blowinz progressed
durizrg the 8th Century A.LN., the samd
glass or hour glass was invented. Using
sanci-instead of water, the grains emptied
out of one glass vessel through a hole into
ancther glass vessel of the same size. The
sanz ‘glass proved best for measuring short
perzads of time. A three-minute glass, for
instznce, may be used in your home to
time boiling eggs or telephone calls. But
you. would need many many sand glasses
to measure a whole day in hours, minutes,
and seconds. - And someone would have to
be there to turn the glass over when the

- top vessel is empty

Fzgure 1-19 .

i Throughout ‘the evolut1on of ' better

time keeping, more accurate mechanlcalr
devices ‘have been sought. All mechanical

clocks have several things in common:
hands, dials, bells or other ways to mark
the. passmg of time; the escapement or

- regulation devices; and a_source of power
We often think of the pendulum’ in this

connection.

14
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varies. A simple relationship of L to T is as

follows: L, V—L—l——-
v 2

L, L

Your experimental results should be
very clc. . to this relationship. They would
be exact, except that the usual expenmental
errors in timing swings, measuring length,
and det tmining the end of the swing will
incur <. zht differences.
To ch=ck your observations, make a -
~ table ‘of .your results like Figure 1-22.
Notice that you have two variables in the )
constructicn of your pendulum; the length
of the pendulum, and the weight of the

Figure I1-.20

When he was only flmeteen, Gahleo is
reported to have used his pulse as a means
to measure time for the comparison of the L

~ -swing times of a pendulum. -A more-de- R ' . ‘
- . tailed account: of Galileo’s: expenment s o L . :

giveniin another book in th1s series, From e o ULENGTH ‘ .| AVERAGE 1
jHere Where? Pp. 82 ff. S - [EXPERIMENT ) IN” - | TIME'FOR | PERIOD FOR
: You. can ‘compare” Gahleos measure- | TRIALY - | CENTIMETERS | 5 SWINGS | ONE SWING

: ments w1th expenmental results of your: |- Al e | : — -

'Aown by constructing-a sunple pendulum B U S

: I'1e ‘a’small’ weight such asaboltorlead " | - B 400

smker to'a strmg about 10 to 15~ inches =~ | ¢~ s

long and. let it hang’ down as you'hold:the - (' " T
other- end of . the :string. “Now pull’ the_“ D

. weight, a’ pendulum ‘bob, to one side and | .: R ~ .

. release it (Figure 1-21)." It w111 begmf-: B R o 100 e—— PR

- swinging back and forth. - : A ’ 1 I

8.

m-

T F 160
Cut the string in half and repeat your : - E—
observations. - What change do you: observe G 180 S
in the period of time measured for a com- H 200
plete’ swing?. The period: will be sharter. = s T T —_—
The: length of the string (L) anid the period RREY SR S0 SR
of the swing (T) are related. * As the length-  —— T
of the stnng is changed the penod of swing © Figure I-22
11
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bob. As you use your pendulum, another
variable is the size of the arc used to start
the pendulum swinging. We are interested

in measuring the time necessary for one .

complete swing of the pendl_xlum.

__Time five successive swings for the’
pendulum lengths as in Figure 1-23. Meas- :

ure lengtb from the pivot point to the

center of the bob. Use a complete swing

period. You will find that a support for
your pendulum, such as a thumbtack over

“cycle (back and forth) of the bob as the

a doorway or a ladder, will help your in- -

vestigation. - From your measurement of
five periods, ' find the average -for one

- period. For example, if you obtained five
complete ~swings in twelve seconds, the

average period for oné swing would be
12/5=2.4 seconds. " R

At the top -of: the faré, g'ra\}i.tétipnal,_i_A’,"

force  directs .the pendulum bob .toward -

- reaches the point where Earth’s gravitational
forces are gheater than inertial forces and

the bob swings back. .
If no other forces acted on the pen-
dulum, we would have perpetual motion.

- However, friction at the pivot and friction’

between the moving:pendulum parts and
air molecules result in.the pendulum grad-
unally slowing to a stop. ' :

. ‘the center of Earth. The string acts as'a
“control on' the ‘direction of fall. ~Inertia, .
 according to Newton’s first law of motion,
*_carries the bob to the top of the otherside
" of the :arc (Figure 1-23)." There the bob.

_Figure 1-24 illustrates how these princi-
ples are applied to a mechanical clock.
The pendulum regulates the motion and
the hanging weight provides the energy to
overcome the action of frictional forces.
You may see a similar arrungement i
some “cuckoc” clocks. One of the cuckoo
weights is for the pendulum mechanisni,
the other is to operate the cuckoo.

Figure 1-23 shows how gravitational
forces cause the downward movement of
the bob and inertial movement forces it
to the end of its arc. You know that the
force of gravity depends on many factors;
altitude, the shape and density of Earth,
and Earth’s rotation. As a consequence, &
pendulum clock moved from one locatiom
to another on Earth or in space would not
keep the same time. Therefore, most clock
pendulums have a screw adjustment to
correct for local variations.

The movement of our Earth on its axis
in space also has another effect on the
motion of pendulums. The French phys-
icist Jean Bernard Leon Foucault used
this motion to demonstrate that Earth
rotates on its axis.

___Foucault suspended a very long pendu-
ijum from the ceiling of a high room_and
set the pendulum in motion. After observ-
ing the pendulum for many hours, he
discovered that the pendulum was not
swinging in the same geographical direction
as it was when it started. ‘That is, if his
pendulum was swinging back and forth-
toward one wall of the room, it gradually
“would appear to change its direction toward

* ARM RAISES PAWL

L~ AND RELEASES WHEEL -

ARM- SWINGS
UFTO
MEET PEG

WEIGHT. - peNDULUM

" Figure 124




DCWEL ROD

RING STAND

Figure I-25

the next wall and so on unt:l the pendulum
appeared to be swinging back in the direc-
tion of its starting point.

By doing the following project you can
examine Foucault’s reasoning that Earth
and the observer are moving in relation to
the direction of swing of the pendulum.

You will need: a rotating mechanism

_ (phonograph turntable, piano stool or lazy

Susan; support. such as wood dowel; heavy
weight, such as a'lead sinker; string; square

wastebaskes, ring stand or other support; '

and clamps (Figure I-25).

Tie the weight to one end of a string
about 60 centimeterslong. Attach the other

end to a.1% foot piece of dowel or broom.

handle about 30 centimeters long. Place
the dowel across the top.of a wastebasket,
ring- stand - or other support, allowing the

- weight ‘to swing freely. Place the support.
- on top .of ‘the lazy’Susan or piano:stool..
Set the pendulum in motion and then ro-

tate the lazy Susan or piano ‘stool very

slowly.

- See if the swing direétion'changes with
_respect to the platform. ~As .Earth moves
under the pendulum, the pendulum appears .

to change the direction of its swing. A
swinging pendulum at the North Pole
would appear to make a complete turn,
360°, in 24 hours.

nounced and a longer and longer period is

necessary to ‘make a’ 3607 change. At a

As you move toward
‘the, Equator, the effect becomes, less pro-

point exactly perpendicular to the axis of

Eaith, the Equator, th=:wz wom.d be no
apparent change in dire.. fion since at this
point Earth is no longe’ “turning under”
the penduiumi. -

What’s up There?, a.x.iher book in this
series will provide yor »with some useful
infor; aztion on applicaw.:ns of pendulum
principles in satelllite intrumenis. Read
particalarly the section o.a usimg three pen-
dulum accelerometwrs té> provide measure-
ment of satellite position ; pp. 61-67..

How would you descezibe the distance
between two cities? Wags your answer in
units of miles or hours? "If your response
was in hours, you wosild be wusing the
language of astroniomers. Alstronomers use
the term light-year to indicate tthe distance
to nearby stars. A light-yeear is the distance
light would travel in one year at a rate of
about 300,000 kilometers: pier second.

Our closest star atter #*he sun is Proxima
Centauri. Proxima Centauri is about 4.3
light years away, or the vame distance that
light will travel in 4.3 y:=zws at the rate of
300,000 kilometers per second. How far
away is Proxima Centauri in kilometers? To
find - out, first calculate how ftar light
travels in one year. To make this calcula-
tion, you will need to multiply 300,000
by the number of seconds in ore min-
ute (60), the number of minutes in one
hour (60), the number of hours in a
day (24), the number of days in a year
(365%), = (300,000) x (60) (60) (24)
(365%), = (300,000) x (31,557,600) =
9,467,280,000,000 = 9.46728 x 10*% kil-
ometers. . . : 3

A generally - used value for the light
year -is 9.46 x 10'2- kilometers (read :as
‘nine and forty six-hundredths times ten to

~the’ twelfth power kilometers). Therefore,

the  distance to Proxima Centauri would be.
4.3 x 9.46: (10*2) =:40.678 x:10v2. «In

scientific notation, it is 40.67 (10'2), and

would ‘be read as *“‘forty and sixty :seven
‘hundredths times ten to'the twelfth power.”
It 'you do not understand scientific no-
tation, “copy ‘and: compléte ' Figure I-26.
Then read pp. 4-5 and p. 80 in What's "/
There, the first book of this series.
~ In our space age, time is an important
factor.to us. When do you launch a space *
vehicle so that it will get where you want it
to go, and arrive when you. wanted it to
‘get there? For example; suppose you

13,
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to miss Agena by more than 5 miles, your
take-off will have to be accurate within one
second. - Every 90 minutes there will be a
. one second interval during which you must
launch: to accomplish your rendezvous as
_planned. That one second time interval is
. calied a launch window.- . .~ .
.- Figure I-27 shows events which are.pos-

- sible during. different. periods of time. One

of ~the: ‘shortest: periods wé ‘know. is:the -

“length ‘of time it takes a proton.to‘revolve:

‘once in the- nucleus of-an “atom. .. The

largest  period. of time' we know about is .

~our estimate of the age of the universe.

¥ Ns man has passed through time for

' many, many years on. his" journey- to
civilization, he  has’ learned that he lives
in a world of many rhythms. He found
rhythms high in the sky, and buried deep in
‘the rocks. He found rhythms in the heart

space. And, besides those that he found

Power Means Equals Read As
102 10x 10 100 one hundred
103 10x 10x 10 1,000 one thousand
10* 10x10x10x 10 ? ?
108 ? A 7
108 ? 1,000,000 R
107 ? _ 10,000,000 ?

Figure I-26

planned to have your rocket rendezvous in TIMESCALE OF THE UNIVERSE

space with another spacecraft. Since a Durations ]

rocket carries only a l].Jnited anlount Of in secands Ages or periads of time

fuel and spends most of its time coasting in 0% —— uaknown outer limits of time

space, you would have to leave Earth at » i )

just the right time to arrive in position P e ot (5 tlton yeor)

along side the vehicle with which you wish to o T onerevolution of the sun oround the goloxy

. - 10> —j—oge of younger mountain systems
rendezvous. ’rh,ere Would be no use alTIVIrlg T duration of humen race (o million yeors)
in orbit on one side of Earth when the 100 Froge e e
. . ——~oge of a notion
rendezvous vehicle was on the other side. ¥ ooy ane revolution of earth around sun
. T a mon
Let’s suppose you wish to rendezvous 108 J-o Gy ane rotation of the earth

over a particular point in the Atlantic o P 4 o e

Ocean. Assume that an Agena target 1 fasecond a heartbeat

vehicle in orbit travels about 5 miles per T MILLI vibrotion period of audible sound

“second and that it takes about 90 minutes 10°5 = MICRO @ flosh of lightnin e

for Agena to orbit Earth. You can see that o T NANO time for light to cros o room

if you wish to meet the Agena in orbit at O P et ot om i molecule to spin once

one point over Earth’s surface, you will o T i ibration periad of infro-red radiation
- - DN I Vi ion peri isi i

have .that opporfunity once every 90 S torotion peviod of xerays

minutes. -In addition, if you do not want E

10~ J_ vibration period of gomma ru‘yﬁ
I time for a proton to revalve once in the nucleus of an otom

10725 unknown inner limits of time

Figure I-27 -

more. - By mastering these rhythms he de-

~veloped the art of measuring time. . So now
_he. can measure time, not-enly for seconds,
~days,.and years — not only. for centuries —
“‘put: for billions of years on the one hand;
.and.a billionth of a second on'the other. :
But his mastery of rhythm' means more

than the measurement of time. It means

. an’increasing’ understanding of nature. His
‘knowledge of -rhythms not only: lights up

_the hidden;,. dark corners. of the past, but it

also helps him to plan for the future. "

Armed with knowledge of the thythms of
the univers¢, man continues to pass through

. " ' stealte UL [1Cd 2. time.
. of the atom, and out in the far reaches of "

E Ina'the_-r’l.eitzt ‘cha'ptérv-»wé will see what

"..has been done to standardize our time so

in nature, he learned how to ‘make many

that we all can *‘be on time.”> .

BRU R

18

o e S v o B2 o et £




okt

=2ra2ed back

fo»_ tfae mroozz
— P XXIRF=RES T wvEL=F

T o St

i ARG A TR

E

Aruitoxt provided by Eic:



|

I S \i\/‘y‘l"wlllllw "w‘h !

W“I“ R

I‘l”“;l" 1‘|u'v‘ll

g i

i

) i

I,
S et




i
1

Chapter II

MEASURING THE UNKNOWN

20

Q

Full Tt Provided by ERIC.

L




AR I e R M T

e e

MEASURING THE UNKNOWN

In order to describe the measure of outer
space, we need to consider distance as it
relates to time. We can expenence or
“feel,”” the measure of time and distance
used in our day to day living. We cannot
“feel’’ the measure of outer space. So we
must use mathematical models to help us
describe measures that are beyond our
senses, our “feelings.”

Let s begin with some measurements we
know and can feel. Then use these to de-
velop ways to describe the measure of things
we may never feel and distances which we
may never travel.

Everydav we are using measurements
which we know by feeling. Some are the
result of simple observations such as the
height of a siep as.we approach a stairway,
the time of day when we are hungry or

sleepy, or the speed of an approaching car
as we cross the street. Simple procedures
for measuring distance are estimating by
eye, ear, or by using a rule or tape measure.
Obviously we cannot use these to measure
the distance to an orbiting satellite or the
speed of Earth as it orbits the sun. Today
we have to describe very large and.very
small measures such as one angstrom
(0.00000001 (10°®) centimeters), the time
of one nanosecond (0.000000001 (107°)

seconds), or-the speed of light (186,000 -

miles. per second) ,
Remember - also. ..that measurement

. simply supplles information to help a sci-
_entist — or you — to answer a quest10n or

to solve.a problem. Measurement is subJect

. to error.  So we must develop precise

v struments and:use them’ carefu]ly.. ‘What .
: -appzars: to be a: correct answer 'may turn . .
out-to be mcorrect if more prec1se measur- . - -
ing instruments -and - techmques are used :

to. collect the lnformatxon

‘Now: let’s attempt to make some ‘meas-

urements which we: can “feel” to help us to
understand ' the ‘more preclse instruments
used by our space age scierntists today.

Take your pulse:.- Count the pulsations

in a minute of time. What is your pulse
rate in pulses per. mmute‘? -Have some of
your friends take their- pulse counts. Do
pulse  counts vary? Some of the factors
that effect pulse- counts mclude activity,
rest, age, and emotion.

13/19
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Most people have a puise rate of about
72 pulses per minute. We will use this as a
stzndard for this exercise. Is your own rate
higher or lower than our selected standard?
if 72 pulses occur in one minute, then the
average number of standard pulses per
second is 72/60 or 1.2 pulses in one second.
Twenty seconds of clock time would be
equal to 20 x 1.2, or 24 pulses of ‘“heart
time.”

If we were to keep time in ‘‘standard
heart time,” we could develcp a scale as
follows:

Clock Time Heart Time
1 second 1.2 pulses
1 minute 72.0 pulses

In space science, however, we need a
way to describe very long periods of time —
and very short periods. Sometimmes we are
able to use smaller numbers by introducing
larger units. For example, instead of saylng
365 days, we describe this period of time
as one year. We also say one mile instead
of 5,280 feet. It is more convenient to use
the larger unit and the smaller number.

If we introduce larger units into standard
heart time, we may describe 1,000 pulses
as 1 kilopulse. The word “kilo” comes to
us from the Greek language and is trans-
lated as “one thousand.” = We may sub-
stltute l raegapulse for 1,000 kllopulses

“mega” from the Greek meanlng great
Summanzlng we may say:

. 1,000 pulses =1 kilopulse
1 OOO kllopulses‘_ ‘1 megapulse

v :Figure 1512
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- as 1.2 .pulses.’

R . (0.001 seconds).’

: Clock Time Read as: Heart Tinle Scientific Notation
1.0 second one second 1.2 pulses 1.2 pulses
0.1 seconds one tenth - 0.12 pulses 1.2 x 107! pulses
0.01 seconds one hundredth 0.012 pulses 1.2 x 1072 pulses
0.001 seconds or one :housandth | 0.0012 pulses or 1.2 x 1073 pulses

1 millisecond T 1.2 millipulses :
0.000001 seconds or one millionth 0.0000012 pulsesor | 1.2x 107 pulses
1 microsecond ‘ 1 micropulse
0.000000001 seconds i | one biliionth 0.0000000012 pulses| 1.2 x 10™ pulses
1 nanosecond . ' or 1.2 nanopulses
0.000000000001 seconds | one trillionth 0.0000000000012 1.2 x 1072 pulses
or 1 picosecond pulses or 1 picopulse

B Table II- 1

How many pulses are 1n a megapulse"

L megapulse =1 000 k1lopulses _'; . f L
1 megapulse =.1000 %’ 1000 pulses:

- 1 megapulse = l 000 000 or1 mllhon pulses

Now we can a.dd these to our table

U s

llhour 4 320 0 pulses or. .
S 4 32 “kllopulses” L
o 1‘¢day"‘*¥'- “103; 68 “kllopulses
1 year _?‘f’37 842 “megapulses e ‘

We could descnbe the five hour dnve

’_from New" York to. Washmgton, D: C.in.

standard ‘heart ~time,  as taking .21 ,600

pulses or_ 21 krlopulses, plus 600 pulsesj

-~ Mariner IV’s trip  toMars took seven .
‘Seven months ‘equals 3 ‘mega-

‘ ‘months.’
pulses, plus 1 kilopulse, plus 104 pulses of
standard heart time. :

An. exceptronal high school spnnter can'
run ‘the 100 ~yard- dashin 9.8 seconds.

From Table II-1 we: standardlzed 1.second -
So‘we are able to express:
' this in “standard”’ heart time'as 100 yards " -
(i 9.8 x 1.2, or 11.76 pulses:: He is'able to -
. . averagg 1 yard per 11, ,76/100; 01 0. 1176 -
" . pulses. over the 100" 'yard distance:. RS
Ranger 'IX’s p1ctures of the moon were\: ©E
- recorded .to the: thousandth of a second .- .
; ~This: ‘would be_equal to. -
S V4 ten—thousandths of ' a pulse, or 0 001? '

v time we have:’

' ‘.-pulses ‘per ‘minute.

The

Convertmg our table to stanaard heart.

lmllhpulse o

L 0001 pulses R ‘
, = 1073 pulses
0.001 m1111pulse =1 m1cropulse

=.107¢ pulses
0 001 mlcropulses— 1 nanopulse
= 107 pulses

y 0 001 nanopulses 1 p1copulse
: s 10'12 pulses

, Our heart time is based on an 1mag1nary S
,standard heart,. pulsatrng at-a’'rate of 72 =
~If we were to" keep. -
. time"in- standard heart t1me, ‘our standard

heart-“wouild ‘be- placed in ‘the ‘National .

~ Bureau of Standards' at Washington, D. C. |

It might be" ‘placed next to ‘the’ standard

-'-meter and standard kllogram (Frgure ‘II-3)




. Prior to the invention of our familiar
mechanical and electrical clocks, the pulse
was used as one of man’s timing methods.
You know how Galileo discovered the
principle of the pendulum by timing the
swing of a cathedral chandelier with his

Fzgure II 4

- 'pulse beat Huygens (H1 gens) used Gahleo s

discovery of the principle of the pendulum -

to regulate the first mechanicat clock.

. Run-in place for 15.seconds. "Now take .

‘ your pulse ratg in puISes per minute. Com-
pare: th1s rate to your rate when you were
‘at- rest e , S :
' Pulse rate at rest R 2
‘Pulse rate after runnmg ?

Your heart speeds up and slows down.
Our standard heart also would vary with
‘changes  in  conditions 'such as .pressure,
oxygen supply, temperature; food supply,
and activity. Consider, for example, what
would happen to our methods of measuring

if the foot became longer or shorter; or if -

the pound. became-heavier or lighter. Al-

- though standard heart time is a’ possibility

_-and was usefulin the ‘past, ‘it is obvious that
scientists have - attempted ‘to find other
tlmekeepers which show less variation. The
~following exercises will help you understand
- -another hrstorrcal tunekeepmg method‘ o

The answers for the exerciszs in this
Chapter will be found at the end of this
Chapter.

Exercises:

Figure II-5

l.a. With a pin, punch a small hole in the
_bottom of a paper cup. Fill the cup
.with water, Place the cup over

another cup, so that the water drips
into the second cup.. - Suggestion:
. 'Make the hole large enough so that
you have 50 to 80 drops per minute.
Count the number of drops of water
in- one minute of time.” Record.the
drops in a minute. - Repeat, counting
the  number of -drops in a‘ minute.
- Repeat the procedure three more
‘times. .Record your results in a table
like the one ‘below: : '

B Test» l._ * drops i in 1 m1nute’
- Test 2. _drops in'1 minute
.. Test 3 -“7 ‘drops in 1 minute
" Test4 -2 dropsin 1 minute -
Test 5 _2 _ drops in 1 minute
“Total . __?._ dropsin 5 minutes
, ' Table I1-2
‘Compute the average number of drops

per minute. We will consider this number

_ as the standard in Drop Time.

b. Copy and complete the following
using your standard drop time:

Clock Tlme ‘ Drop Time
(1) 1second 2 drops -
~ (2) 1 minute _drops (standard)
; (3)1 l'ho'ur' ! _dropsor
L kilodrops
(4) 1 day ? kilodrops
i kilodrops or

(5) lyear L
: megadrops
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Remember:

1,000 drops = 1 kilodrop
1,000 kilodrops = 1 megadrop

Table II-3

¢.. How many drops in a megadrop?
2. A’satellite orbits the earth in 90 minutes.
How long is this in Drop Time?
3. Mariner IV took 22 pictures of the
planet Mars in 25 minutes.
a. How long did it take Mariner IV to
take 22 pictures in Drop Tirne?

b. How long did it take in Drop Time to -

take 1 picture?

4. What are some of the problems in keep-
ing time with drops of water? . .

The measures we use effect our under-

-.standing -of modern space science and tech- .

nology. The development of measurement

and the instruments needed have grown as

a matter of comnvenience. ~As the need
arose for man to better understand the

world: and to make measurements of “non-
ordinary” distances, as in the solar systemi; .
. -man produced more precise 1nstruments to
- obtain more accuirate ‘measurements. - '

Long "agd man: was able to"describe
distance -by his arms’ width; a- step or

“pace, or.the width of his palm “When -
- there was little communication, the- length
"of the measuring unit was of little conse-'
' quence" ‘a ‘trip along a trapprng line, one

or two days;and winter; one or two months
away. It-would not: make much difference.
‘When: families grouped into-tribes, tribes

-into natlons -and “as' natrons came 1nto con-

tact with- each other,. ‘communication of
measures was needed.. With the railroad,
automobile, airplane, radio, telephone, tele-
vision, and satellite networks, man has
found that it was necessary to standardize
his methods of measure. - No longer could
he pace off a distance, spread his' arms,
or. measure - the ‘height of a’ ‘wall: with his

hand; people - of d1fferent -sizes y1elded“

various results

‘The method of defmlng these an01ent
un1ts has d1sappeared from 'daily use and"
in their place have come.. other methods.
As detailed earlier; man’s observatrons ‘and

. ability * to.observe,  have resulted;in a sys--
- tem of units and: standards used throughout
- the world : : -

1 ARMS WIDTH

Figure II'6 '

‘Let us ‘investigate the . instruments ‘and

Atec‘lnrques ‘used ‘to determme distance,
-scale ‘and time. "

A few- ureusand:vears
ago, “man’s. abrhty to measure: ‘was de-
termined by the precision of his eye. -What

" he could see, he could est1mate and there—
,fore measure.

a.. The Sun 1sy bnghter than the star Polarrs

b The pyramrd is’ taller than the tree
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Early instruments were developed so

that man could measure more accurately. .

Sextant Hour Glass Knotted Rope
(ANGLE) (TIME) (DISTANCE)

Figure II-8
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He now could measure the mile to the
yard, foot, inch, and fraction of an inch.
Light could be measured in terms of the
brightness of the sun, candle, or color.
Time could be determined in units of the
year, month, day, hour, minute, second,
or fraction of a second. . ‘

More. precise instruments enabled sci-
entists to make observations that had not
been possible before. Ancient theories
gave way as new ideas were supported by
more accurate measurements.

By 1600, scientists began to specialize
and to consider themselves primarily as
physicists, astronomers, biologists, chem-
ists, and engineers. Each of the new scCi-
ences required special measurement tech-
niques, and measurement became more
accurate. '

LIPPERSHEY ~ TELESCOPE
VERNIER - VERNIER SCALE

" TORRICELL] ~ BAROMETER -

" GALILEO - THERMOMETER

OERSTED ~ ELECTROMAGNET |
NEWTON - SPECTROSCOPE




Scientists could measure positions on Earth, distances between cities, and the diameter
of Earth. ' '

LOS ANGELES

LONGITUDE ~ DISTANCE FROM DIAMETER OF
TLATITUDE ~ NEW YORK TO LOS ANGELES THE EARTH
a B o €

Figgwe 1-10

They could “Reach ‘out” ,i’rfxto space and mmeasure the diameter of the moon, the brightness

of the sun, and the tremendous distances torthe stars, :

IT JIL

1DIM ___BRIGHT

METER
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He could more accurately determine the.length of a year, the time of day, or the time

it “touk” for a ball to drop from a tower.

SPRING

7N |

 NOON

SUMMER &5 SWINTER  EAST 3 - wesT
SUNRISE SOUTH SUNSET !
:
FALL
.a b ¢
Figure 1I-12

Old ideas and concepts gave way to the new'theoriés brought about by these approaches. -

 Ancient Theory
Earth —Flat
‘ o Fixed ,
" Planets — Orbit the Earth’

Atmospheté.‘¥ “4 ethers”

Modern Theory.
Round, pear s}iaped, -
Moving . .
Orbit the Sun _
‘Oxyi.gen,n»it_rogen, Co,,H,0- -

" .. Table 114

In order to describe the measure of

objects which cannot  be seen or felt,
today’s scientists do not always think in
terms_ of ‘the mile or the foot, the sun’s

brightness or the candle, the year or the
‘second, but  deal in fractions of units."

Many scientists are concerned with distances

. such as of 0.00000001 - centimeters (one
angstrom), light. measured 'in- terms of -

0.0001 candles (one’ ten-thousandth - of a
_candle) and time in terms: of ‘the nano-

~ second - (0.000000001 " seconds), one .bil-. -

tionth of a-second. .

. Even with modern ‘procedures, man’s
- ability to.
“cision .of

neasure: depends upon the. pre-
his' instruments and his skill

in. > St
s. " (Figure II-13). "~

. 'Bécause instruments are subject to error,

" the scientist, as we do, must recognize the

limits of his own ability .and of his measur-
ing devices. One of the primary concerns of
the scientist is to reduce experimental error.
Errors are reduced by better technique and

" more precise instruments. -

" We will now see how scientists have re-
_fined their techniques and instruments in
" the measurement of time, - distance, and
scale, el o L
' Time measurement must- have had its
~origin in-the mind. of man as he watched
‘day follow night and the seasons pass. So;
_it'is not surprisingthat man finally chose
" the sun as the basis for measuring time. -

v
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From Apollo driving the sun across the
sky, to the sun revolving around Earth,
and to finally Earth revolving around the
sun, man #as utilized the periodic metiion
of Earth as:an almost perfect ‘““standaxd?” of
time. The basic units of tirme became the
day, the mionth, and the year. .

We acezpt the fact that Earth rotzt=s on
its axis once a day and Earth revolves
around ‘the sun once a year. But what is
a'day? Whatis a year?

In Figure 1I- 13 Earth makes one rota-
tion from M to N to M every 24 hours.

MIDNIGHT

Qur day begins at midnight and- ends at
midnight. Figure II-14 compares Earth to

- a.gianrt 24 hour claeck.

Point A, Figure 14, rotages around the
center of Earth, C, and at #lee end of 24
hours ‘it would have compiesed one rota-

. tion, or a circle. ‘For our purmoses, we will

assume 360 degrees in a circie and noon-.as

our 0° and 24 hour point. The mathe-
‘matical symbol for the womll degree is °

We are able to.relate hours of time to de-

~ grees of a circle, just as:-we related heart

time to clock time as in Tabte II 1. For a

S

Oor24 NOON »




more detailed discussion of hours of time
and degrees of a circle, reference is made to

another book of this series, Shapes of

“Tomorrow, Chapter 3, pp. 61-64.

Do nott zonfuse the terms minutes and
seconds af arc with minutes and seconds of
time.

When ‘speaking of angles, we say degree
of arc, or: :

1° (one degree) of arc = 60’
(sixty minutes) of arc _ _

1’ (one minute) of arc = 60"
(sixty seconds) of arc

Notice the symbol for minutes of arc is’,
is
Earth Time

1 revolution
24 hours -

1 hour =

4 minutes

]

" 1 minute -

4 seconds o =
Table II-5

. Trace the protractor at the end- of the
chapter. Cut it out and use it to measure:
the  angles in Figure II-15. _Record your
“answers. Compare your answers with those -

“given. - How "accurately do-you. measure?

(the protractor)? .

What .can you say. about your instrument

"We zan actually speak of timé in terms of -
an angle; Figure II-14. If we use the position

of the sun at 12:00 noon as a starting point

60° 30°

e Pgienrts

= pe e A A, 2 e e

and the symbol used for seconds of arc

" Table II-6.

[ i

‘of 0 hours, then 6 hours later at 6 P.M.,
the sun is at an angle of 90° or 6 hours.

1 hour =15°_ 6 hours = 90°

_ At 12:0f midnight, the sun s at an angle

of 180° ‘or 12 hours. At 6 AM., the sun
is at an angle of 270° or iB hours. At 12
Noon, the sun is back at 07 -or0 hours. We
have completed 24 hours ox=360°.

Wi use the sun’s position as seem from
Earth as a reference for wuar time. There-
fore, wkien we give our local time, 'we are
actually speaking of the hwwar angle of the
sun. This term is used by mswonomers and
space scientists to describe rime.

Consider Figure II-16. We are looking
down at Earth from above the North Pole,

. Angle in degrees of arc

1xircle
360 degrees
15 degrees of arc
1 degree of arc
15 -mimates of arc
1 minute of arc

N. Points A, B, C, D, and E represent satel-
lite tracking stations. - The hour angle of -
“the san from position A is O hours. There- .
fore, the time is 12:00 Noon. Compare the
hour angle of the sun from the .other four
points. What ‘time is it at each position,
when it is 12:00 Noon at"position A? See




Position Time Angle of the Sun Hour Angle

A 12:00 0° 0 0 hours O mimutes
B 2:16 PM 34° 0 2 hours 16 minutes
C 7:24 PM 111° 0’ 7 hours 24 minutes
i3} 1:00 AM 195% 0’ 13 hours O minutes
B 10:30 AM 337° 30’ 22 hours 30 minutes
Table 1I-6
5.a. Twace and carsfully cut out the card- 18 hours. Make a table like the one
‘bioard emht’hFigl'uel II;)I?. C_entlg; the below and record the time now at:
gartiv over the circle below in re .
L-19. Push a straight pin or small sgger New York Time  Angle of the Sun
fustener through point N on the earth Groenwich
-andi-through the center of the circle as M v
imdicated, so that the earth freely ro- T;’ﬁcg
tates around the pin. Align the arrow L me ol
marked New York, at 0 hours or 0S ANgeIEs  —r
122:00 Noon. _Table I1-7

b. ‘lggé‘); time is it at New York? 12:00 Note to student: We have been concerned
‘.. . ~ - : with only the hour angie o1 the sun, there-
“;hegvﬁs étt.l2.QQ.$Iporc1; at Neyvhﬁgork. fore, local time. We have not taken up the
(1) What time is'it In Greenwich: change from one day to another, Monday

g; \vleﬁzz :gnng i: :::113 Prdgﬁ;g‘.),v? . to Tuesday, etc., or standard time.

(4) What time is it in Los Ang,eles?‘

c. Rotate New York counter-clockwise
90°or6 hours. - .
(1) What time is it now in New York?
(2) What is the hour angle of the sun
- from this position? -
"~ With New York at this position, what
time is it now at: e
(3) Greenwicii, England
(4) Moscow, Russia
(5) Tokyo, Japan
(6) Los Angeles, California

d. (1) How many hours difference was
represented by rotating New York
0° t0 90°? ' - :

As you rotated New York from 0° to o

90°, how many hours did: : Fioure 17 -
"(2) Greenwich, England rotate? = = : igure L7
(3) Moscow, Russia rotate? ’ : - o

(4) Tokyo, Japan rotate? . oo L ,

(5) ‘Los Angeles, California rotate? ‘As instruments improved and the- ac-
e e curacy of measurements increased, man be-
" e. Rotate New York in the same direc-  gan to doubt the, simple motion  of his.

tion,: counter-clockwise, . to +270° or - planet. ‘As we found the pulse could not be

g
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used as a standard for time, man found that
Earth was no longer an acceptable time
standard.

Observations of the stars cieated the
first doubt of Earth’s sunple motion. The
stars appear to move 1° farther to the west
each night. This is the same as saying a star
rises four minutes earlier each night. Re-
member from Table II-5, we are able to
show that an angle of 1° is equal to four
minutes of time. We are able to explain
this observation by taking into account
Earth’s revolution around the sun.

Figure II-20

When Earth is at position A, Figure 11-20,
the sun and a distant star are in a line as
seen from M on Earth. Note that scale and
angles are exaggerated for “clarity. After
one Earth rotation . the star would appear

“to have returned to position M. However, . -

Earth has moved to position B due to its
revolution around the sun. The Earth must
rotate about one degree or four minutes
‘before the sun. appears to return to position
M,. Therefore it takes 23 hours and 56
minutes ‘for Earth to complete a star day,
sidereal day, and 24 hours to complete a
sun day, solar day.

A sidereal day 23 hours 56 mlnutes
A solar day = 24 hours

Another observatic:i which cast doubt on
Earth as an accurate timekeeper was that
Earth’s revolution around the sun did not
‘take 365 days but. about 365%. days.
Every four years a‘day is gained. This does
not .seem to be very important, but over
hundreds of years we would find that the
seasons. would be confused Spnng would
“begin’ in the summer, summer in- the fall,
fall in the winter and ‘winter:in the spring.
~ Further it was. finally . discovered . that
: ._Earth’s ‘orbit - around .the: sun. was. not
- .circular but a '1early c1r(‘uiar e111pse as in
, ".‘-.Flgure II-21 Lo

E _4__/,.‘.

The Earth does not move at a uniform
speed as it revolves around the sun. At its
closest approach to the sun, perihelion,
Earth is at a distance of about 91,500,000
miles from the sun. Atits greatest distance
from the sun, aphelion, Earth is about
94,500,000 miles from the sun.

Aphelion 94,500,000 miles
Perihelion 91,500,000 miles
Average distance 93,000,000 miles

Table 11I-8

The Earth is at perihelion in wmter and
at aphelion in summer. For purposes of
illustration, Figure II-21 was constructed
with a greatly exaggerated elliptical orbit
of Earth. One of the laws concerning
planetary motion states that a planet will
move faster in its orbit when it is closest
to the sun and slower when it is farthest
from the sun. As shown in Figure II-21,
again exaggerated Earth moves from A to
B in one day in January. It will move a
smaller distance, C to D, in one day in July,

As preVlOUSIy shown, Figure II-20, the

‘difference between the solar and s1derea1
_day is due to the d1stance that Earth re-

volves in its orbit.
Although exaggerated, the distance
traveled from A to B in January is greater

" thanCtoDin July Due to this dlfference

“the: solar day is somewhat shorter in July

and longer in January. If we were keeping
time with a watch, we would find the
sun would be about eight minutes  be-
hind the watch in spring and about eight
minutes ahead of the watch in fall. " Our
watch time does not speed up in July or
slow down in January. We keep time as

" Flgwem2
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- an average, or we speak of the average or
mean solar day as 24 hours. Our clocks

and watches which run at a uniform rate SUN
during the year, actually keep average or
mean time, : i
Another reason that solar days are not
MNEW MOON

uniform in length of time is due to the fact
that the axis on which Earth rotates is not
perpendicular to the plane of Earth’s orbit.
This produces some interesting observa-
tions in the sky. For the present it will be
sufficient to say that this phenomenon
alone would cause the sun to be ten
minutes behind a watch in February and
August and ten minutes ahead in May and
November. .

By adding the effects of Earth’s orbit
and the axis of Earth, we arrive at truly
complicated observations as-in Table I1-9:

LAST
QUARTER

‘for our ancestors.

Table II~

.Apparent sclar time was accurate enough
It is not nearly accurate
enough for the aerospace age.
precise.instruments we have turned from
Earth’s rotation, to a calculated average
or mean time.

Another early tlmekeeper was our near-
est neighbor in space, the Moon. Man was
able to estimate the time of night from
the appearance of the moon and- its posi-
tion in the sky. More recently, scientists
have investigated the moon not as a time-

_keeper, but as a landing place for Man’s

first venture into outer space.’ 2
As you know, the moon orbits Earth at

miles.
- As illustrated in. Flgure L4 —22 the moon

‘With our -

Month Minutes :
February 15 minutes, watch behind the sun FULL MOON
May " 4 minutes, watch behind the sun Figure II-22
July 6 minutes, watch behind the sun
October 16 minutes, watch ahead of the sun 360°

30 dave day = 12° in one day
. If the moonisat pos1t10n 1, Figure II-22
seven and one-half days later 1t would be at
position 2. The moon would have moved
7% days at 12° per day or 90° in 7% days.
From position 2 it'would move to position

3, and it would be 90° from position 2, or -

180° from' position 1. At position 3, the
moon would have orbited 270° in 22’/2
days. Returning to pos1tlon 1, the moon
has completed a 360° orbit in 30 days.

. Each day the moon would appear to have

moved 12° in the sky.
Look again at Figure II- 22 When the
moon is at position 1, the moon is between

" the sun and Earth, As the moon passes be-

" tween the sun and Earth, one of three
_ things occurs as shown in Figure 1I-23,

an_ average distance of about 240 000 -

passes from position 1, to 2, to 3 to 4, and

returns to position 1'as 1t orb1ts Earth One.
lunar orbit takes about 30 days.
the orblt of the moon is approximated as a
circle.
the moon. completes one orb1t or.360°

. 30 days then 1t moves l2° in one day'

Remember a circle has 350°, If :

“Notice

Throughout the year, as the moon orbits
Earth (Figure 11-23) it can appear to pass
above the sun, a; below the sun, c; or di-
;_rectly between the sun-and Earth, b. Posi-
tions’-a and ¢ occur. - most frequently
Position b’ infrequently occurs. What do

. we call -the.phenomena’ when' the moon
. passes directly ‘across ‘the: disc' or face of
‘the 'sun as: in’ pos1txon b? “In any event,

Lo,

.'_'pos1tlon a, b and c, in. T‘lgure 1I- 23 could‘ o




Figure I[I-23

represent the moon at position 1 in Figure
II-22. Therefore once each month the moon
does appear to pass ‘““between”” the sun and

Earth. Why don’t we notice this when it

occurs? We only ‘“‘see” jt occur when the
moon is at position b (Figure 11-23).
Again refer to Figure 1I-22. If we are

" looking from Earth at the moon, position

1, we are looking directly into the sun.
Can you see any object in the sky in the
daytime except for the sun?

NQRTH POLE
Figure If-24 <

CWAXING © WAXING  WAXING

NEW

in Figure 11-24?

SUN

NEW MOON

NORTH

@POLE

EARTH

THIRD

FIRST 4
QUARTER

QUARTER

FULL MOON
Figure II-25

When the moon, sun and Earth are in
position as illustrated by Figure II-24, the
lighted side of the moon is the side toward
the sun. Besides being in the daytime sky,
we are looking at the dark side of the
moon. Can we see the moon as illustrated
No It would be in the
sky. but we could not see it. : A
~ “When the moon is at position 1, (Figure
11-25) we refer to the moon as a new moorn.

Seven and one-half days later, when the

moon is at position 2, the mocn is referred
to as the first quarter. The 15 day old
moon at position 3, is called the full moon.
At position ‘4, 22% days after new moon,
the moon is called the third quarter. 7%

days after third quarter or 30 days after .=

- new. moon, the moon is back at position 1
~ and is again referred to as the new moon.

. When : speaking of: the. moon, useful

" terminology. is illustrated in Figure II-26.

As 'the - lighted “side of the moon -visible

““from. Earth becomes larger, new. moon to
" full moon, the moon is said to be waxing.

COOO B

As the lighted side-as seen from Earth be--
comes »smaller; full nioon tc new: moon,.

WANING WANING WANING

A FULL NEW
CRESC_ENT 1st QUARTER GIBBOUS GIBBQUS 3rd QUARTER CRESC ENT
o ' Figure 11-26 '
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the moon is said to be waning. If the
moon’s lighted side as seen from Earth is
larger than a quarter and smaller than full,
the moon is said to be gibbous. If the
lighted side of the moon as seen from
Earth is less than a quarter but greater
than when at new moon the moon is said
to be a crescent.

Why is the quarter moon called quarter?
How much of the moon is always lighted
by the sun? %. How much of that lighted
half do we see at the quarter phase? %.
Y - V=1 or we see % of the moon’s surface
at the quarter phases. Using the vocabulary
previously described, let us attempt to de-
scribe where the moon “goes’” in the
daytime. _

To better understand the “‘wanderings”
of the moon and to use the moon as a time-
keeper we will make two assumptions.
First, we will tell time by the position of
the sun, and second, we will assume that
the sun risesinto the eastern sky at 6:00 AM,
is directly south in the sky at 12:00 noon,
and sets in the west at 6:00 PM (Figure
II-27).

12:00 NOON
g

~

~Ny

=N
T WEST.
'6:00 PM

o Figure IF27 "

. ."You"ai'i'e;'faém'g ysovv;tb_'h i'xi_i'iFi;gur_i‘:'fLII-,-z27j.

 East is to the left and ‘west’is:to the right.
' The sun-is high in the sky, directly south.

What time is it in Figure [1-277 12:00 Noon.

What time " did ‘the sun’rise. on this day?

member when the moon is at this position
in its orbit, the moon is passing ‘‘between”

"the sun and Earth. Figure II-27 illustrates

the moon passing below the sun’s position
as seen from Earth. Read the following

question slowly. Reread it. If the
sun is directly south at 12:00 noon,
and the new moon is directly south

when the sun is directly south, what time
is it when the new moon is in the south?
12:00 Noon. Remember we tell time by
the position of the sun! . If the new moon
is directly south at 12:00 noon, what time
was it when the new moon rose in the east?
6:00 AM. If the new moon rises at 6:00
AM, is directly south at 12:00 noon, what

time does it set? 6:00 PM. Or we say the

"You don’t.

new moon sets when the sun —. Sets.
Do you see the new moon set? No&. The
new moon sets in the fading light ot the
sun. The new moon rises at 6:00 AM and
sets at 6:00 PM. How many hours is the
new moon in the sky? 12 hours. How
many hours do you see it on this day?
It is only in the sky when
the sun is in the sky. Also recall thatat
new moon we are observing the dark side
of the moon. The lighted side is toward

" the sun. (Figure II-24). -

Therefore the new moon phase is the

-phase of the moon that we cannot see.

It is not visible to the unaided eye. The

" ‘mew moon is only in the sky in the day-

time. It has already set in the west before
darkness and is not seen in the nighttime

sky. oL

T New Moon

DRISES e e e e 6:00 AM
SOES : o o oo e e 6:00 PM -
Hoursinthesky .......... 12 hours

6:00 AM. What time does the sun set on .

this day? .6:00 PM.. If the sun rises ai

6:00 AM and sets at 6:00 PM; how many -

_hours does the sun spend in the sky on this
day? 12 hours. How many hours do we see
the sun this day? 12 hours.' We see the sun
all day unless, of course, it’s cloudy or
raining. ~We will assume clear ddys and
nights.. - : ' ‘

In Figure

11-27, we observe the moon ai

the phase we described:as new moon. Re- -

.0 hoUrs




it sets in the west.

Figure II-28, represents the moon three
days after new moon. The moon has moved
3 days or 36° in its orbit around Earth.
What time is represented by Figure II-28?
12:00 Noon. The sun is due south. If the
sun rises at 6:00 AM and sets at 6:CC PM,
what time did the moon rise in Figure
I1-28? 9:00 AM. The moon is about three
hours “‘behind” the sun. Did you see the
moon of Figure II-28. when it rose in the
east? No. It is daylight at 9:00 AM. If
you are outside looking at the moon in
Figure 1I-28, could you see it? No. The
time is 12:00 Noon.

EAST . \‘IVLST
Figure II-29

-~

Figure II-29 represents the 5 day old
moon at sunset, 6:00 PM. Do you see the
3 day old moon at sunset? Yes. The moon
has moved out of the glare of the sun.

- What time will the 3 day old moon set?

9:00 PM. If the 3 day oid moon rose at
9:00 AM and sets at 9:00 PM, how many
hours is it in the sky? 12 hours. How

many hours do you see it? 3 hours.. It is

observed from 6:00 PM until 9:00 FM when
Could you observe the
3 day old moon at 12: 00 mldnlght" No
1t has already set.

The .three. day old moon is con31dered a
crescent as it is between the quarter moon
and the new. moon phase. The three day

.~ old’ crescent moon" is said to be waxing.

The hghted 31de 38 becomlng larger as the

~moon is moving from the néew moon to full.

‘moon phase. The moon at this position in

its orblt is then déscribed as a 3 day old
'waxzng crescent mOOn. .

'3 Day, Waxmg, Crescent Moon, ,

Rises .......... 9:00 AM
Sets. .. ........ 9:00 PM
- Hours in the sky. . . 12 hours
Isseen . ........ 3 hours, 6:00 PM to

9:00 PM

FAST —
Figure II-30

In Figure I1-30 the sun is setting in the
west. What time is it? 6:00 PM. The 72
day old first quarter moon is directly south
in the sky at sunset. What time is the' first
quarter in the south? 6:00 PM. If the
first quarter moon is in the south at 6:00
PM, what time did it rise? 12:00 Noon.
Did you see it when it rose in the east?
No. The sun was high in the sky. What
time will the first quarter moon set?
12:00 Midnight. Will you see it as it sets?
Yes. It is night. If the first quarter moon
vises at 12:00 noon and sets at 12:00
midnight, how many hours is the first
quarter moon in the sky? 12 hours. How
many hours do you see it? 6 hours. The
first quarter moon is observed from sunset
until it sets about midnight.

» Waxing First Quarter
Rises ....... ... 12:00 Noon

Sets........... 12:00Midnight
Hours in the sky. .. 12 hours
6 hours, 6:00 PM to

Isseen .. .......
: ’ : 12:00 Mldnlght

: Figure 11-3'.7

Flgure 18 31 represents the 10 day old
waxing gibbous moon. The ten day old
gibbous moon is about 9 hours “behind”
the sun. The sun is settmg in Figure 1I-31
and the glbbous moon is toward the south- -
east. © What time did the waxing gibbous

' moon rise? - -3:00 PM. -Did you see it rise?

35



- rising.

No. What time will it be in the south?
9:00 PM. What time will it set? 3:00 AM.
Do you see it as it sets? Yes. If it rises at
3:00 PM and sets at- 3:00 AM, how i1.sny
hoursisitin the sky? 12 hour.. How many
hours is it visible? 9 hours.

10 Day, Waxing Gibbous Moon

Rises .. . c.v.ov .. 3:00 PM

Sets . . ......... 3:00 AM

Hours.in the sky. .. 12 hours

Isseen .. ....... 9 hours, 6:00 PM to
3:00 AM

EAST
Figure 11-32

In Figure II-32 the full moorn Is rising
as the sun is setting. Notice that the full
moon is opposite the sun in the sky, tweive
hours *“bizhind”. the sun.
illusvrated .oy Figure 1I-32? 6:00 PM. The
sun is- setung. If the full 15 day moon tises
at 6:00 PM, do you see it as it rises?
Yes. - The sun .is setting. The full nioon
rises as the sun sets: What time will tkie full
moon be directly south? 12 Midnight.

~ What time will the full moon set? 6:00 AM.

The- full moon sets as the sun rises. . How
many hours ‘is the full moon in-the sky?

12 hours. How many hours do you see it?
12 hours. The full moon is seen all n1ght
from sunset to sunnse
4 Full Moon
Rises - - .. .. e e e e . 6:00 PM
SEES . ve e e et el 6:00 AM
Hours ip the sky. . - . . >12 hours
Isseen . .. - . « =« .. 12 hours, sunset to

sunrise

Notice in Figure II-33 that the sun.is
“What time is:it? 6:00 AM. If the
18:day old warning gibbous moon is in the
southwest at sunrise,- what time was it due

What time is

36
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. Figure I1-33
south? 3:00 AM. What time did it rise in

the east? 9:90 FM. Do you see it as it
rises? Yes. If the 18 day old waning
gibbous moon rises at 9:00 PM, what time
will it set? 9:00 AM. Will you see it
when it sets? No. It will disappear from
view in the southwest as ‘the sun rises in
the east, setting three hours later.

15 Day, Waning Gibbous Moon

Rises . . ... et 9:00 PM

Sets. . .......... 6:00 AM

Hours in the sky. . . .12:00 hours

Itisseen. ... ... .. 9 hours, 9:00 PM to
6:00 AM

Figure II-34

Figure II-34 represents the wamng thlrd
quarter moon.

See if y01_i can answer these .
questions without looking back
at the various figures.

6.a. The sun is rising in the east, therefore

the time indicated in Flgure 11-34 is

b. 'i:l;f-, th1rd quarter moon is d1rectly
south at or .

Exercis_,-:'s:

c. The third quarter rnoon rises at .

d. Do you see the third quarter moon
rise? _

e. The third quarter moon sets at .

f. Do‘, you see the third quarter moon
set?

* 3,:7&
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g. How many hours is the third quarter 8.a. Identify the following phases and the
moon in the sky? - approximate time. In all cases you

h. How many hours do you see it? are looking south.
i. The third quarter moon is seen from
to

j. If a quarter moon is obsewed in the
sky at 10:30 PM, is this the waning
third quarter?

k. 22 day old, waning third quarter?

(1) Rises . . .. .......
(2) SetSe e v v v v aa v —_—
¥ (3) Housrs in the sky.
(4) Itisseen......... hours,
from .
v to_ FULL MOON PHASE ___

TIME___ 9:00 PM

)]

Figure II-35

Figure I1I-35 represents the 27 day old
- _waning crescent moon.
E 7.a. What time is indicated by Figure 1I-35? ' L
& ' b. In what direction is the crescent moon _ WAXING GIBBOUS
¥ in Figure 1I-35?7 - JIME
What time did the waning crescent
moon rise? ' . vy
Did you see it when it rose? , Figure I1-36
What time is the wamng crescent in b
the south? '
What time does the waning crescent '
Aset‘7 IDENTIFY PHASE, TIM.E OR DIRECTION
Do we “observe the waning crescent ' -
moon settmg?
. How many ‘hours is the waning crescent

moon in the sky? -
How many hours do we see it?

27 day old, waning crescent moon:
{1) Rises . ......... L.
(2)Sets............____..
(3) Hours in the sky.
(4) Isseen . . ... .....

o8 o

xd

=r‘fz°j

Code pmds
i

WANING CRESCENT PHASE -

The mdon.continues in its orbit. As the TIME 6:00 PMm
moon again passes “between” the sun and SOUTHEAST SOUTHWEST
Earth, the moon returns to the new moon o ,

phase and the lunar cycle is repeated. Figure II-37
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Caution: In the previous section, we have
stated that you cannot “see’ the moon in
the daytime sky. However, there are times
when you can see the moon when the sun is
still in the sky. This occurs when the moon

_isnear the full phase. Thisisdue tc the sun’s

light being bent, refracted, as it passes
through Earth’s atmosphere. At this time,
the brilliant moon stands out against the
deep blue of the early evening or early
morning sky.

‘Figure II-38

You could estimate that the line was
less than a foot, a few inches, or between
3 and 4 inches. You could do-this by basic
observation, and if this served our purposes,.
this is an acceptable answer. However, to
make a more accurate measurement than
this, we would use a standard ruler. (At
this point, you should copy and cut out the
standard rules, inches; and metric ruler,
centimeters, found at the end of the
chapter.) Measure the length of the line
with the standard ruler in inches. The

‘result of your measurement indeed shows

that the line is less than a foot, it is a few
inches in length, and is in fact between 3
and 4 inches. With the ruler, you can de-
scribe the length of the line more ac-
curately than with your eye. You are now
able to describe the line as being between
3% and 4 inches. You could also say more
accurately that the length of the line was
between 3 3/4 and 4 inches. A iable of
your measurement steps could be as fol-
lows:

Measurement
Step Greater than Less than
1 3 inches 4 inches
2 3 1/2 inches 4 inches
3 3 3/4 inches 4 inches

Repeating your measurement with a
centimeter ruler the following information

~could be obtained:

Measurement '
L ‘ L \ “Step. - Greater than -~ Less than
In the preceding sections, we have seen _ ‘
the devvc:,llopmﬁnt’ of the1 mg?suremeng of 1 9 centimeters 10 centimeters
time. e will now'a e same basic - ' .
principles and broceé)ifl"gsf'to the- direct 2 ' 9_.5‘.cent1.mbe ters 10 centimeters
“measurement -of distance, and- later to 3 9.7 centimeters 9.8 centimeters

~ comes exceedingly important.
_ consider the line below, Figure 11-39.

scale. " S
‘Current methods of measuring ordinary

~ indirect ‘measurement of distance with a

‘ever, with recent advances in the space ci-
ences,  the need to measure accurately be-
Let us

“distances are’ faiiliar to all of us.  How-

or 97 millimeters or 98 millimeters

Table II-10

To attempt to read our measurements as
3 7/8 inches or-97.5 millimeters, would be
to exceed the precision of our instrument.
in this case, the ruler. Errors to be con-

Figure 1I-39
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sidered in a measurement experiment such
as this would include:

a. The width of the printed line on the

ruler

b. The angle from our eye to the ruler

- ¢. Texture of the paper

d. Placement of the ruler on the printed

page.

If it were necessary to make a more
accurate measurement, we would turnto a
more precise instrument, for example, a
vernier scale. This device enables us to de-
termine the length of the line with a greater
degree of accuracy.

SCALE
4
1
T
6

5

1
I
7

1 1

8 210 ]
RY SCALE

Fzgureu-40_

The vernier scale is a commeon attachment
to measuring instruments, such as the ruler,
micrometer, or protractor. The vernier is
used to determine a fraction of division on
~ the main scale that is the primary scale as
in Figure 1I-40. Vernier graduations are
different from the primury scale, but bear
a 51mp1e relation to it.” For- example the
~ vernier reptresented by Figure 1I-40 is so

arranged that it reads 0.2 or 1/5 of a dwvi- ~

sion on the primary scale. In order to make
a readmg like this, five divisions on the
_ vernier scale must equal four divisions on
.the primary scale (Flgure 1I-41). Each
vernier scale division is equal to 4/5 of a
primary. scale” division. The difference in
the length of the divisions is called the
“least 'count” of the vernler By using the
pr1n01p1e of ““least count,” we could con-
struct a vernier to read 1/32 or 1/64
inches, or 0.5 millimeters, 0.1 millimeters,
and so on. .

 VERNIER SCALE
1 2 3 4

0 5
' | 1 1 | | |
I T | 1 ] I
o 1 2 3 4
PRIMARY SCALE
Figure IF-41 .

VERNIER SCALE

12345
| I I
I O O O O O T A O
12345678910

PRIMARY SCALE
Figure II-4Z
In reading the vernier measurement of
the penny in Figure I1-40 two readings must

be taken. The first reading is to determine
the position of the vernier O on the primqry

0
1
|
0

_ scale. Prior to the measurement, the vernier

JI-40, we see that the vernier scale

0’is at primary O, (Figure I1I-42). Then to
read the dlameter of the penny, Figure
11-40, the vernier O is between 2 and 3 units
on the primary scale. . This tells us that the

~diameter of the penny is between 2 and 3

units. The second reading will determine
the fraction of the scale unit. Iu this read-
ing, we must determine which vernier divi-
sion coincides most directly with a primary
scale division. Upon inspection of Figure
is
arranged as follows:

Vernier Scale Primary Scale

0 falls between 2and 3

. 1 Talls between 3 and 4
3 coincides with 5

4 falls between Sgnd 6

6 and 7

5 falls between

Vernier 3 coincides with a primary scale
division, and therefore, is the division which
represents. the fraction of a prime;ry scale
division. ''If one vernier division is equalto
0.2 of a scale division, then three verniet

‘divisions equal 0.6 of a primary scale divi-
sion.

Qur actual reading is obtained by
adding the. vernier readmg to the primary
scale readmg

Primary Reading 2.0.units
" Vernier Reading 0.6 units
Diameter of penny 2.6 units

In this manner, we are able to directly
measure the diameter of the penny with a
high degree of accuracy by maklng use of
an instrument of greater precmon than a
standard rule. ‘

At this time, the student should care-
fully read the directions below and then
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copy and cut out the vernier at the end of
this chapter. )

Directions:
Carefully:
(1) Copy and cut out the vernier
(2) Cut along Line Cto A
(3) Cutalong Line B to A

The vernier scale should slide freely and
evenly along the primary scale. The smallest
unit cn the main scale is %4’ or 8/32 inches.
The vernier scale is read in 1/32 inches.
This vernier is read the same way as out-
lined above. The primary scale is read to the
nearest % or 8/32 inches plus the vernier
reading up to 7/32 inches.

Example: Place the vernier over the line
in Figure II-39. We are able to see that the
vernier O is between 3 3/4, that is 3 24/32,
and 4 inches. The vernier 3 coincides most
closely with a primary scale division. The
line then measures 3 24/32 inches + 3/32
inches or 3 27/32 inches.

1t shcould be noted that this measurement
is more accurate than the measurement ob-
tained with ‘the standard ruler or vernier
primary scale because the vernier is more
precise than the ruler. However, it again
shouid be noted that the same kinds of
errors involved with the ruler measurement
are included with the vernier measurement.
In this case, the errors are more critical be-
cause of the accuracy of the measurement.
In actual practice, vernier scales have been

~ designed to measure to the nezrest 0.001

inches (one-thousandth of an inch).

Let us approximate ¢one of the funda-

mental distances of astronomy, the astro-

nomical unit. The astronomical unit, A.U.,
is the average distance between the center of
the sun and the center of Earth. Astrono-
mers have spent hundreds of years in ob- -
serving and calculating to refine this basic
measurement.

Figure I1-43 represents Earth’s orbit of
the sun. It is drawn to scale, 1" equals
48 million miles. To simple inspection,
the orbit of Earth appears as a circle.
If we were to carefully measure Figure
I1-43, we would find that Eurth’s orbit
is not a circle, but elliptical, slightly oval. .
If we were to report our measurement
of the astronomicai unit to a group of
scientists, we would include in our report:

1. Aphelion

2. Perihelion

3. Average distance from the sun

4, Eccentricity of Earth’s orbit
The abave four characternstics are reterred
to as the primary orbital elements pertain-
ing to the shape of Earth’s orbit. From
these four elements, a scientist could i «-
produce our drawing of Earth’s orbit.

Aphelion —— miles
Perihelion — iniles
Average Distance e iles
Eccentricity —— miles

To determine Earth’s farthest point from
the sun, aphelion, we would measure the
distance from the sun, (s) to E, (Figure

- - o—
E, - SUN Ep

Figure II-43



1I-43). This distance is 1 31/32 inches. If .

1 inch equals 48 million miles, then
1'31/32 inches equals 94,500,000 miles.
At E,, aphelion, Earth is 94,500,000
miles from the sun. To determine Earth’s
closest point to the sun, perihelion, we
would measure the distance from the sun
(s) to E,. This distance is 1 29/32 iuches.
With a scale of 1 inch equals 48 miliion
miles, 129/32 inches equals 91,500,000
miles. At E,, perihelion, Earth is 91,500,-
000 miles from the sun. To determine the
average of Earth’s distance from the sun,
we could add the aphelion distance to the
perihelion distance and divide the sum by
two. This would give us Earth’s average
distance as 93,000,000 miles. However,
to reduce the possibility of error due io
measurement, we could take a number of
measurements arounid Earth’s orbit,

If we made the indicated measurements
in Figure 1I-44, we would tabulate the re-
sults in a table as follows:

Measurement Altitude Scale Inches
1 a-s 131/32
2 b-s 131/32
3 c-s 1 30/32
4 d-s 131/32
5 f-s - 1.29/32
6 E,-s ©128/32
7 s 129/32
8 h-s 125/32
9 i-s 129/32
10 js - 131/32
11 T ks . 131/32
12 E,-s 131/32
Sum = o . 238/32
Table II-11

If we were to sum the 12 measurements,
and divide by 12, we would have an
average, or mean Earth-sun distance of:
23 8/32/12 = 1.30/32 = 115/16 inches.

From the‘scale, one inch equal to 48
million miles, 1.15/16 inches equals 93
million miles. ‘ .

TSRS AN SRS

Figure 1I-44

At this point we have
‘Aphelion 94.5 x 10° miles
Perihelion 91.5 x 10° miles
Average distance 93.0 x 10°% miles
1 A.U.=93 mi'iion miles, 93.0 x 10° miles
Table II-12

The eccentricity of Earth’s orbit is a meas- T
ure of the “roundness” of the orbit or
ellipse. = If Earth’s orbit was a perfect
circle, the eccentricity would be 0. The
eccentricity of an ellipse is always less than

1. The closer the eccentricity to 1, the
more elliptical the orbit.

Figure IF-45




For purposes of illustration, the elliptical
orbit of Earth has been exaggerated in
Figure 1I-45. Notice that the sun is not
at the center of the ellipse, C. The Earth at
position E, is at aphelion at a distance from
the center of the sun of A. The Earth in
position E, is at perihelion at a distance of
P from the center of the sun. We are able
to express the eccentricity of Earth’s orbit
in terins of the aphelion (A) and perihelion
(P) distances.

A-P
A+P

Eccentricity, e =

e = 94,500,000 - 91,500,000
94,500,000 +91,500,000

o= 3,000,000 _ 3
186,000,000 186

e =0.016

L
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Since the eccentricity is small, 0.016,
as compared to 1, we know Earth’s orbit
is nearly circular.

To interpret these results, consider the
accuracy of our measurement. Your vernier
is able to measure to the nearest 1/32 of
an_inch. Therefore, each measurement is
subject to an error of 1/32 inches (1/64
inches below the value and 1/64 inches
above the value). Thus, the measure-

ment, in the case of average Earth-sun

distance 1 15/16 inches, should be written

1 15/16 + 1/64 inches. If we were to con-
vert this number to miles, | inch equals
48,000,000 miles, we would show that the
average Earth-sun distance to be 93,000,000
* 750,000 miles. Our report of the primary

orbital elements of Earth would now appear
as: .

Aphelion 94.5 x 10° + 7.50 x 10°
Average Distance 93.0 x 10® + 7.50x 103

Perihelion 91.5 x 10° + 7.50 x 103
Eccentricity 0.016

The astronomical unit, A.U., would have
a value of 93 x 10° miies plus or :ninus
7.50 x 10® miles. With today’s standards,
our measurements of Earth’s orbit are not
very realistic and are subject to error.

With the advent of the space age, man
has continued to refine this basic measure-
ment. Table II-13 illustrates some recent
history of the measurement of the astro-
nomical unit.

If we were to report the orbital elements
of ‘a satellite, we would report the same
four primary characteristics as we did for
Earth’s orbit. For satellites which orbit
Earth, we refer to the highest point in csbit
as apogee and the low point as perigee.
Apogee and perigee are measured from the
center of Earth, but generally are reported
from the surface of Earth.

Although scientists measure and make
their calculations based on the satellite’s
distance from the center of Earth, the
altitude of a satellite is reported to the
general public as the average distance of the
satellite from the surface of Earth.

That is to say, altitude of Fcho I 1s
reported as 1,000 miles and not as 4,960
miles. ‘ ‘

S, is a satellite at apogee at a distance A
from the center of Earth. S, represents the
perigee of the satellite at a distance of P

_ from the center of Earth, Figure 11-46..

Figure II.46

Sq

SATELLITE




Source of A.U.in
measurement millions Experimenter’s Estimate of
Number and data of miles A.U. value range
i Newcomb, 1895 93.28 93.20 ----93.35 A
2 Hinks, 1901 92.83 92.79 ----92.87
3 Noteboom, 1921 92.91 9290 ----92.92
4 Spencer Jones, 1928 92.87 92.82 ----92.81
5 Spencer Jones, 1931 93.00 9299 ----9301
6 Wwitt, 1933 9291 92.90 ----9292
7 Adams, 1941 92.84 92.77 ----92.92
8 Brower, 1950 92.971 92.945 ----93.008
9 Rabe, 1950 92.9148 92.9107 ----92.9190 g
10 Millstone Hill, 1958 92.874 92.873 ----92.875
11 Jodrell Bank, 1959 92.876 92.871 ----92.882
12 S.T.L.,1960 92.9251 92.9166 ----92.9335
13 Jodrell Bank, 1961 92.960 92.958 ----92.962
14 Cal. Tech., 1961 92.956 92.955 ----92.957 5
15 Soviets, 1961 92.813 92.810 ----92.816
Table 11-13

satellite launched January 21, 1958, had
an apogee measutred to be 5,533 miles
and a measured perigee of 4,184 miles.
Report the four primary orbital elements
as to the shape of the satellite’s orbit.

Example: Echo I was orbited in August of
1960. Apogee was measured as 5,010
miles and perigee as 4,910 miles. What are
the four primary elements as to the shape
of the orbit? (Use 3,960 miles as the
average Earth radius)

R AR et e A b et 7 iy e et e

a. Apogee. . ....... "+ e miles
; ) b. Perigee . ......... —_miles :
Apogee = 5,010 - 3,960 = 1,050 miles c. Average Distance . . - miles i
Perigee = 4,910 - 3,960 = 950 miles - d. Eccentricity. . . .. - —_—
- | Table I1-15 '
Average _ 1,050+ 950 _ . } .
Distance = — 5 1:000 miles 10. Explorer III launched June 28, 1958,

had a reported apogee of 1,740 miles

and-a reported perigee of 118 miles.
0.01 What are the four primary orbital ele-

ments as to the shape of the orbit?

5,010-4,910 _ 100 _
5,010+4,910 9,920

Eccentricity =

Apogee = 1,050 miles - a. Apogee.......... __ miles
Perigee = 950 mil b. Perigee .. ........ — miles
erigee = 950 miles c. Average Distance . .. ——— miles
Average Distance = 1,000 miles d. Eccentricity. .. ....
Eccentricity = 0.01 Table I1-16
. Table 1I-14 Thus far we have been concerned witii
_ ) direct measurement of distance and time.
;, Exercises: . We can now extend these ideas to indirect
9. Explorer 1, the first United States measurement with a scale.

43
44




Figure 1I-47

Earth Based
Photograph

Figure II-47 shows the surface of the
moon as photographed from Earth. Figure
11-48 is of the same area of the moon as
photsagraphed by Ranger IX on March 24,
1965.

These photographs are of particular in-
terest because Earth based measurements
of Ptolemaeus (the large crater at the top of
both photographs) estimate the average

AL A

44

49, o

Figure II-48

1 Ranger IX
Photograph

diameter to be over 90 miles. Analysis
of Ranger’s IX pictures determined the
average diameter to be about 94 miles. The
Earth based picture represented by Figure
[1-47 was taken at a distance of about
240,000 miles and Figure II-48 when
Ranger X was about 470 miles from the
surface of the moon.
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In both instances and using similar
methods, scientists were able to conclude
that the diameter of Ptolemaeus was about
90 miles. Although the moon is seen by
the unaided eye at a distance of 234,000
miles and with a first class telescope at an
equivalent distance of 500 miles, Ranger’s
cameras “see’’ it at an equivalent distance
of ¥ of a mile.

The best Earth-based photograph is able
to resolve, see clearly, lunar surface features
as small as 1,000 feet. Later we shall com-

 pare this figure with the resolution of

Ranger 1X photographs.

You can use Ranger photographs to esti-
mate sizz and distance on the moon, if you
understand the grid system of the Ranger
camera.

x
—
oz
2
F r__arf 7 .
(-4
, ) _ .
|_ F,-SCALE‘:.. - _J
CENTRAL RETICLE
L L | | ]
13 T — I
I L L £ 1
Figure II-49

 The grid system is superimposed on the
camera face. - The grid crosses of Figure
I1-49 ‘ars called reticles, {vet-i-kels). The
center cross mark on the camera face is
called the central reticle. Grid north is
defined as a straight- line drawn from the
central reticle to the midd!e reticle in the
north margin. Grid north differs from true
lunar north depending upon spacecraft posi-

tion, camera attitude, and the altitude of .

Ranger above the moon. ‘ L
“Actual distances on the moon can be
calculated from the camera scale. The scale

central reticle and the reticle: immediztely
to the left and the distance vitible between

the two poihts on the lunar surface. In the

~is the ratio of the distance between the

actual analysis of Ranger photographs,
there are both north-south »d east-west
scales.

The scale also changes as we¢ measure
toward the margin of the photograph due
to the curvature of the moon, the camera
angle, and the longitude of the photo-
graphed region. For our purposes of
illustration, we wiil assume a flat surface,
make measurements with an average scale
and assume north-south and easi-west scales
to be equal.

Now we will examine in detail two major
characteristics affecting our use of the
Ranger camera grid system: camera angle
and satellite altitude. The camera angle
is the view of the moon as seen from a

. particular camera, such as camera A, of
Ranger IX. This instrument was built for

2 camera angle of 25°. Figure II-51 repre-
sents Ranger [X as it approached the
sirface of the moon and is drawn to scale,
1 inch equals 250 miles. At an altitude of
1,300 miles, Camera A with a field of
view of 25° would ‘““see’ a circular area of
the moon as in Figure II-50.

Figure I1-50

Camera A uses a mask on the light
sensitive electronic tube in place of camera
film. The resulting image of the moon is
the portion of the full 25° view represented
as the shaded area in Figure II-50. .

The area of the moon’s surface seen by
Camera A’s tube would depend upon the
altitude of the satellite. The altitude,
Figure II-51, is the distance from the space
craft to the surface directly below. At an




altitude of 1,300 miles, Position A, Figure
I1I-51, Ranger IX viewed a square about
492 miles c.. side, BC. This is a surface
area of the moon of 492 miles by 492
miles or 242,064 square miles and could
resolve features of 2,600 feet. At an alti-
tude of 500 miles, position D, Ranger IX’s
camera A could photograph a square of
about 186.8 miles on a side, EF, or a
surface area of 186.8 x 186.8 or 34,8394
square miles. At this altitude, Camera A
could resolve surface features of 1,000
feet.

As the aititude continues to decrease,
the area photographed decreases, and the
resolution increases. We could compile
our data as in Table 1I-17.

These figures are approximations and
will afford us a general understanding of
the scientific principies .of measurement
underlying the successful Ranger mis-
sions. _

Remember at an altitude of 1,300 miles,
the camera is able to view a square approxi-
mately 492 miles on. a side. The 492
miles represents - the distance from the

“reticle on the left- margin to the reticle at -
the rlght margin. The dlstance represented
between two reticles, average scale, would
be 492 miles divided by 4 or 123 miles.
‘This distance is represented by 1 5/ 8 inches.
Therefore 1 .inch would equal 76 miles.
We may set up a table for scales at various
altitudes, Table II 18. ‘

1300 MILES A

/ :
500 MILES D

Figure II-31

( Ranger 9 - ) ~Camera A Camera Angle 25°
' o Surface area - Resolution
Altltude (Mlleu) o S {Square miles) o ‘ (feet)
L 1300 242,064 o 2,600
2. 500 : : 34,894 ' . 1,000
3. 250 S 110,000 C 500
4., 100 1,697 - R 200
S.

45 S 7
S Tablell-!7 ‘ |




Altitude

Length of side

i R S

(miles) (miles)
1300 492.0
475 186.8
250 100.0
100 41.2
4.5 2.0

Average Scale 1 inch equals

(n2ites) {miles)
123.0 76
46.7 29
25.0 15
10.3 6.4
0.5 0.3

Table II-18

Refer to Fizures II-47 and 1I-48. The
three large craters found in the photo-
graphs are Ptolemaeus (top center),
Albategnius (lower right), and Alphonsus
(lower left). The scale for Figure II-47 is
1 inch equals 8C miles.

Use your standard ruler to measure the
diameter of the crater Ptolemaeus. A close
estimate of the diameter from rim to rim
would be 1.2 inches. To calculate the
diameter of Ptolemaeus in miles:

1 inch - 1.2 inches
80 miles _X miles

x=80-1.2
" X = 96 miles

The scale for Figure 1I-48, a Ranger
photograph, is 1 inch equals 65 miles.
Measure Ptolemaeus in Figure II-48 with
your ruler. You will find the diameter to
be 1.4 inches. Calculating the diameter in

1 inch - 1.4 inches
65 miles X miles

x=65x1.4
x = 91.0 miles

We repeat the procedure for the craters
Alphonsus and Albategnius and record the
measurements in Table II-19.

Comparing the resuits of the measure-

ments, we find that the diameter of the
craters in Figure II-47 varies from those
obtzined in Figure I11-48. We can attribute
the variation in your m2asurement to:

a. One measurement
b. Irregular shaped craters

c. Problem in determining the rim of the
crater ,

d. Black and white shading

e. Not measuring througi: the center of

rniles, the crater
Scale Scale -
linch= Diameter Diameter
. " Barth 8_0 _miles‘ 1.2 inches' 96.0 miles
~ Ptolemaeus’ — — - —
: : ‘Ranger 65 miles 1.4 iriches 91.0 miles
Earth 80 miles 0.75 inches _ 60.0 miles
Alphonsus .
: Ranger 65 miles 0.9 inches 58.5 m_iles
' ‘Earth 80 miles 0.9 inches 72.6 miles
- Albategnius - : —
: : Ranger 65 miles - 1.1 inches 71.5 miles
Table II-19°
47
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Figure II-52

To reduce the occurrence of experi-
mental error, we can repeat the procedurs
we used in determining the astronomical
unit earlier in this chapter. 1n ijiis manner,
we would speak of the average diameter of

Ptolemaeus
Tvial Earth-based Ranger

1- 1.20 " 1.30 0.75 0.90 .0.90 1.10
2- 1.15 1.40 0.80 _ 0.95 -0.85 1.20
3- 1.10 : 1.40 0.75 1.00 .1.00 1.30 -
4- 1.00 - 1.45 0.80 1.10 0.65 1.35
5- 1.10 1:50 0.85 1.05 1.00 1.20
6~ 1.15 1.40 0.80 0.95 0.90 1.05
7- - 1.20 1.30 0.80 1.00 1.05 - L15
8- 1.20 1.45 0.70 1.10 - 1.00 1.10
9- 1.10 1.50 0.75 1.05 1.00 1.10
10- 1.15 ©1.40 0.80 1.00 0.95 1.20
Total 11.35 14.10 7.80 10.10 9.60 11.75
Yotal o 1135 14.10 1.80 10.1 9.60 11.75
No. of Trials 10 10 10 10 10 10
Average Diameter
(Inches) 1.13 1.41 0.78 1.01 0.96 .17
Average Diameter ' '
(Miles) 90.4 91.0 62.4 65.% 76.8 7 4.1
Table I1I-20

the crater. This value would certainly be
more representative and better understood.

Measuring ten random diameters of each
of the craters in Figures II-47 and Ii-48,
we colleét our data as follov's, Table 20:

Alphonsus Albategnius
Earth-based Ranger Earth-based Ranger
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HEIGHT OF
MOUNTAIN

By this procedure, our figures more
closely agree with sach other. Using this
procedure to determine the average diam-
eters of the craters, we have tended to reduce
the possibility of experiinental or random
error. The greatest possibility of error in
our determinations would be a constant
error. To reduce the constant error, we
would go back over our procedures and re-
check our determinations of:

3. Calibration and precision of measur-

ing instruments
. Distance to moon
Calculation of scale
Determination of the center of the
crater B

e. Demnnition of rim of the crater

By continuing to refine our procedures
and calculations, we continue to increase
the accirracy of our measurements.

Using the same basic procedure, we are
able to calculate the approximate altitude
of the mountains on the moon. Turn to
Figure II-58. The mountain in the photo-
graph is referred to as the central peak of
Alphonsus. The scale on this photograph
is 1" equals 6.4 miles. When the photo-
graph was taken, the sun was at an angle of

11° ‘to the surface of the moci. You can
neasure the length of the shadow as 0.5
inches. Our scale drawing would appear as.
Figure H-53. For purposes of illustration,
"w¢ magnify our scale 6 times or say, 3”.
equals 3.2 miles. L

From Figure II-53, you. are able to de-
‘termine /2 as 11°, the angle of the sun.
The line AB represents the length of the
shadow f the mountain, 3 inches or 3.2
miles. . Line CB .represents the altitude of
the mountain. If you measure CB, you
find it is 5/8 inches long. We determine
the approximate aliitude of the mountain
as follows: -

aog

3 inches - 3.2 miles
5/8 inches X miles
5/8-3.2

3
X = 0.66 miles

To convert our answer into feet, we con-
tinue a- follows: _ :
I mile = 5,280 ft.
© 0.66 miles = 3,400 ft. -

X =

10
T

C

Q

LENGTH OF SHADOW
Figure IT'53

The altitude of the central peak of
Alphonsus is about 3,400 ft.
tudents familiar with trigonometry may
make more accurate determinations by use
of the tangent formula.

tan 11° = Cs
_CB
0.1944 =35

CB=.1944x 3.2
CB = 0.62 miles
1 mile = 5,280 £t.
0.62 miles = 3,273 ft.

The altitude of the central peak of
Alphonsus is about 3,300 ft.

Using the above methods, astronomers
have determined from both Ranger and
Earth-based photographs craters up to about
180 miles in diameter and mountains
towering over the surface of the moon more
than 25,000 ft. _ R

- Many new ‘and striking ideas about
the Moon have resulted from the Ranger,
and Surveyor photographs. There is still

.a great deal more to learn from_the

Ranger and Surveyor photographs. In fact,
ccientists will be studying these pictures
for years to come. :

Figure II-54

=




Figures 55, 56, 57, 58 and 59 are Ranger
IX photographs of the crater Alphonsus.
You have seen that the scale changes with
the altitude of the satellite. 1t is necessary
to set up a series of scales to measure
surface features. The scales may be ap-
proximated by a number of scale drawings
as represented by i igure II-51.

Exercises:
11. Measure the crater marked II in Figures

1I-55, 56, 57. Determine its average
diameter.
Average
Crater 11 Scale Diameter
a. Figure II-55 1" =76 miles ___miles
b. Figure 1I-56 1" =29 miles ___ miles
c. Figure I1I-57 1" =15 miles

12. Determine an approximate diameier
for the crater marked III, Figures 55

and 56.
Average
Crater II1 Scale Diameter
a. Figure II-55 1""=76 miles __miles
b. Figure I[1-56 1" = 29 miles ___ miles

13. From Figure II-59, determine the di-

ameter of various crateiés. Scale 1” =

- 0.3 miles. Then, pick out the smuillest

structure \71s1ble to your eye, and
calculate its size in feet.

—miles

50

14. On the enclosed Atlas of the moon,
Figure II-60, iocate and mark the im-
pact point of the following moon
satellites. Remember that North is
to the bottom of- the page, East to the
left, and West is to the right.

a. Ranger VII— Impacted 7/13/64 —
Lat. 10°S
Long. 20°W
b. Ranger VIII— Impacted 2/20/65 —
Lat. 2°N
Long. 2°E
c. Ranger IX-— lmpacted 3/24/65 -
Lat. 13°S.
Long. 2°W
d. Surveyor 1-Softlanding 6/1/66
Lat. 2°S
Long. 4°W
e. Surveyor II—-Failed, Impacted
9/20/66
Seathing Bay area, SE
of Copernius
f. Suvrveyor III-Softlanding 4/19/67
: Lat. 3°S
Long. 23°W
g. Surveyor IV— Impacted 7/16/67
Lat. O°N -
Long. 1°W
h. Surveyor V— Softlandlng 9/10/67
X Lat. 1°N
Long. 23°E ,
i. Surveyor VI- Softlandlng 11/9/67
Lat. 0O°N
Long. 1°W
j. Surveyor VII— Softlandlng 1/10/68
Lat. 40°S
Long. 11°W

ok
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Figure II-58
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Answers to Chapter 11

The standard number of drops per
minute is found by dividing the total
number of drops by the number of
rninutes, in this case, 5.

Standard
M —%0
(2) Standard
(3) Standard x 60 or
Standard x 60
1,000
Standard x 60 x 24
4 1,000
(5) Standard x 60 x 24 x 365
1,000
Standard x 60 x 24 x 365
1,000 x 1,000
(1) 1,000 x 1,000 = 1,000,000
=1 x 10% = 1 million
Standard x 90

Standard x 25
Standard x 25
‘ C 22
Some problems encountered when
using drop time are as follows:

All drops .are not the same size.
.. The number of drops per minute
- would vary’ ‘depending upon how full - -

‘the cup is. Try this.

, As the opening ‘became larger after
- ‘continued use, the water would dropv
~‘out faster.. .- B
. .You have to keep f111mg the . cup o
. In-cold weather, ‘the 'water could = .
- freeze, and in high temperatures the - -

“water.could b011

As early as 1400 B C.; fhe Egyptlansv ,
constructed water clocks and they were -
used almost 2 000 years .as time-

keepers.

Complete as instructed.

. (1) about4:45PM
(2) about 7:15PM

(3) about 2:15 AM

(4) about 8 45 AM

c. (1) 6:00 PM
(2) 6 hours
(3) about 10:45 PM
(4) about 1:15PM )
(5) about 8:15 AM
(6) about 2:45PM

d. (1) 6 hours

(2) 6 hours
(3) 6 hours
(4) 6 hours
(5) 6 hours
5e. Time Angle of
the Sun
New York 6:00 AM 18 hours

Greenwich about 10:45 AM 22 hours 45’
Moscow about 1:15 AM 1 hour 15°
Tokyo about 8:15PM 8 hour 15
Los Angeles about 2:45 AM 14 hour 45’

6.a. 6:00 AM
6:00 AM or sunrise

12 mrdmght v

Yes, it is dark when it rises

12 noon ’

No, it is daylight when it sets

12 hours
. 6 nours

12 midnight to 6:00 AM

No, the waning third quarter does not
rise until midnight.

(1) "Midnight

(2) Noon

(3) 12. '

' (4) 6 hours, from Mrdmght to 6:00
o AM

O DE e An @

: 6 00 AM -

. Southeast

3:00 AM

. Yes, it is still d"-trk at 3: 00 AM
9:00 AM .

=

g T D A O 'e-jm

3:00PM . '
- No, it isstill hght at 3:00 PM.
. 12 hours :
3 houis.
(1) 3:00 AM
(2) 3:00PM
(3) 12 hours -
(4) 3 hours, from 3:00 AM until 6: 00
AM ,
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§.a. (1) Full Moon 10.a. Apogee 1.740 miles

Midnight b. Perigee 118 miles
(2) 1st Quarter c. AvIe){age )
3-:00 PM__ istance 929 miles
- . d. Eccentricity 0.17
(3) Waxing Gibbous .
) 11. Average Diameter
9:00 PM .
= a. about 24.5 miles
b. (1) Waning Crescent b. about 25 miles
o 6:00AM c. about 24.5 miles
Southeast 12. Average Diameter
(2) Waxing Crescent a. about 52 miles
6:00 PM b. about 51 miles
Southwest 13. Smallest features visible in Figure 61
9.a. Apogee 1.573 miles are about 500 feet.
b. Perigee 224  miles 14. Add other satellites and landings, to the
c. Average map of the moon as they occur. You
Distance 898.5 miles can obtain their position from your
d. Eccentricity 0.14 ' local newspaper.
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“EMPTY"” SPACE

How is i possible to describe the measure
of “empty’” space which contains only
about 1 particle of material per cubic
mile? The content of “empty” space con-
tains a wind that travels faster than the
speed of sound, strong enough to produce
the tail of a comet, a wind which cannot be
seen but can be measured (Figure III-2 and
ilI-3). These are the solar winds — high
temperature electrified gases from thec sur-
face of the sun. Also throughout space
there are fields of gravity, electricity, and
magnetism which can be used to describe
its measure.

Radiation beits
~ trap solar wind particles

Orbit of
L IMP satellite -

TRy

ey

Moon's wake detected

e PR ey 7R et

Figure III-3
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By applying mathematics we caii now
make a good guess (hypothesis) as to
what is out there. Orbiting satellites in
this vast “empty” region ars making meas-
urements, assembling data, and transmitting
this information to Earth as radio signals.
Instruments change the sounds to numbers.
By using the numbers, scientists can build
a “mathematical mcdel” of the space we
cannot see, but the measure of which we
can describe. Today we see space in the
world around us through our ideas as well
as with our eyes. Although we marvel at
the sight of nature, we have learned to
build a better understanding of it by using
numbers to invent shapes for those parts of
nature, which our eyes cannot see. Satel-
lites can send sounds back to Earth, which
can be changed to numbers. Numbers can
be used to represent measurement.

One of the most important things we
have to do then ijs first to have a basic
understanding of sound. As we progress
we shall see how an orbiting satellite can
use just 2 tones, or sounds, to send the
measure of space back to Earth.

Sound travels in the form of a wave.
One way of picturing a wave is to tie one
end of a heavy string to some solid object
(Figure I1I-4). If the free end of the rope
is given a quick snap, a wave travels along
the rope, hits the solid object and some-
times is reflected back to your hand. How-
ever we do not.think sound waves actually
travel in this manner. Sound waves begin

when an object is vibrated. These vibra-
tions are passed into the air by alternately
pushing the air particles together, and then
allowing the particles to spread apart. These
compressions and rarefactions as they are
called, travel outward from the source asa
series of ever enlarging hollow spheres.
(Figure III-5). Sound waves can alsc be
reflectad or echoed.

When an object such as a tuning fork, or
guitar string vibrates, it does so with a
certain frequency. This simply means that
in a given unit of time, usually one second,
the object moves back and forth a certain
number of times. As an example, “middle
C” on the piano has a frequency of 256
cycles per second. In one second the wire

\IWAVELENGTH' |

Figure lII-5
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Figure III-6

moves back and forth 256 times. This re-
sults in 256 compressions and rarefactions
(sound waves) being sent out into the air
every second.

When your ear hears the piano note,
your ear drum also vibrates 256 times a
second. At any point within the range of
this sound, 256 sound waves go past every
second. If we know how far it is from one
wave to the next, we can soon compute
how fast the waves are traveling. This is
often compared to a railroad train passing
a crossing. If twenty cars go past in a minute
and each car is fifty feet long, then 20 cars
per minute x 50 feet per car equals 1000

feet per minute — which is the velocity of

the train. With sound waves the statement
is ““velocity equals number of vibrations
per second (frequency) times distance from
one wave to next (wavelength), or
v={fx2® _

Now to measure the length of a
sound wave. Imagine a wave like
this »~~~——"~—and a- second wave
identical to the first »
But suppose the second wave travels just a
wave length behind the first:

P
e S

What wave will result if they are added
together? The “hills” of one wave are
added to the “valleys™ of the other wave,
and the result could be represented iike
this - . These waves cancelled each
other when they were added together.

Now imagine the two waves are traveling
exactly together:

WM
N e SRS

This wave will result if they are added
together:

VAN Ve UV

It will result in a wave with the same fre-
quency but higher hills and deeper valleys —
a stronger wave or a louder sound.

1f two sound waves cancel each other
silence results. If two sound waves
strengthen or re-enforce one another, a
much louder sound results. The effect of
sound waves re-enforcing one another is
called resonance.

2 f ,“
1 ]
: / . v/ ‘ , 4 .
l l / NN AT z y l:r’:" ¥,
M " ( s‘wr/’/m > ;t,;‘
1 i [\ eisale AT
Wi <IN ,
Figure III-7
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Figure I1L.8

We can use resonance to help us measure
the length of a sound wave. We will need a
graduated cylinder of at least 100 milliliter
capacity, a tuning fork with a frequency of
700 cycles per second or higher, a metric

" ruler, and a smail amount of water.

. If the vibrating tuning fork is held over
the open end of the cylinder, Figure 111-8,
the compressions and rarefactions travel
down tc the closed end of the cylinder, are
reflected from the bottom of the cylinder,
and travel back out the open end of the
cylinder. - A louder sound, or resonance,
will occur if the cylinder is just the right
length so that a compression and rare-
faction travel down it, reflect and arrive
back at the open end while the tuning
fork'is completing one-half of its vibration.
During the other half-vibration, a compres-
sion and rarefaction are produced in the
opposite direction, and add to the com-
pression and rarefaction emerging from the
cylinder to make the sound louder.

In other words, resonance will occur if
the length of the cylinder is exactly one-
fourth the length of the sound wave.

Hold the vibrating fork over the open
end of the cylinder. If resonance does not
occur with an empty cvlinder, siowly, very
slowly, add water to the cylinder until the
volume of sound increases sharply. When
resonance occurs, measure the distance
from the top of the cylinder to the surface
of the water.

Continue to add water slowly to the
cylinder while the vibrating fork is held
over the top. If resonance occurs again,
measure the distance from the top tc the
surface of the water. The difference be-
tween these two measurements is one-half
wave length.

If resonance does not occur again with
this cylinder, then the distance from the
top to the surface of the water represents
one-fourth of a wave length, and should be
multiplied by four to give the wave length.

Once the wave length has been measured,
and with the frequency of the tuning fork
known, the speed of sound can be calcu-
lated from v = f X"£. You should be able tc
measure the speed .of sound to be about
335 meters per second.

If you discover errors in your measure-
ment, perhaps you can think of ways of
improving your techniques. Does the
diameter of the cylinder have any effect
on wave length? The longer the wave
length you use, the smaller will be your
error of measure, Do you think. dif-
ferences in temperature or pressure of ihe
air could cause errors of measurement?

The speed of sound is dependent upon
air temperature. Can sound be used to
measure temperature in the upper atmos-
phere? When rockets became available
for scientific use, methods for measuring
temperature with sound were devised. One
technique has proved very valuable,

As the rocket soars upward, special

. grenades are ejected from it one after

Resonance can also occur if the length of

the cylinder is three-fourths of a’ wave
length, or one and one-fourth wave length,
or one and three-fourths wave length, etc.
Can you decide why the cylinder cannot be
one-half wave length or one wave length
long for resonance to occur?
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another, so they explode with bright flashes
and loud noises, Figure III-9. ‘

Ground based radar tracking station
and special photographic trackers are used
to pinpoint the location of each explosion.
Meanwhile, sensitive microphones are used
to detect the sounds of the explosions when
they arrive at the ground, and ditferences
between . arrival times are computed and
recorded electronically.

66



P A T S LR
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KILOMETERS /

50 —|—-%{ 63
45— 62 SOUND
40— G1  RECORDING

%

BALLISTIC DOPPLER
CAMERA EFFECT
TRACKER

Schematic diagram of the grenade-
experiment system. Radar, ballistic camera,
and Doppler tracking systems are indicated.
Each individual system or combination of
systems suffices for the experiment. Sound
recording site is preferably located directly
under the rocket trajectory. G1, G2, G3,
and G12 indicate various altitudes of gre--
nade explosions.

Figure ITI-9

Using the relationship that Velocity
equals Distance divided by Time (V =
D/T), distance being the difference in
zltitude between successive explosions, and
time, the interval between recorded sounds,
the velocity of sound within tho aititude
interval can be computed.

We have all heard the ““beep-boop-beep”
of Vanguard I, one of America’s first satel-
lites, Figure 11I-10.
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Figure IIL-10

The tones are the voice of the satellite
What do these tones from space mean?
What is the satellite “saying?’ What
languages does the satellite use? The
satellites transmit their information back
to earth by transmitting a special kind of
number called a binary number. We are
all familiar with numbers which contain
the numerals 0, 1, 2,3, 4,5,6,7,8,and 9.
A binary number contains only 1 and 0 yet
can be used to represent any number of
items. '

The binary system is based on 2’s instead
of 10’s like our ordinary numeration sys-
tem. Here is a 7 place binary numeral
1115111 It means: 1L64) +
1(32) + 1(186) + 1(8) + 1(4) + 1(2) +
1(1) = 127.  Each place in a binary
numeral contains a digit which is twice the
value of the digit in thé previous place. In
a binary numeral a (1) is used to indicate
that the place is filled and a (0) is used to
indicate that it is not. Binary numerals are

S e e e
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useful because any wvalue can be written
using only two different digits, (1 a2nd O).
Thus the 7 digit binary numeral 1010101
means: 1(64) + O0O32) + i(i6e) + O8) +
1I(4a4) + O(2) + 1(1) = 85. How would vou
write thhe binary numeral for 367 (Answer:
100100 = 1(32) + 0O(16) + O(8) + 14> +
OoO(2) + OC1) = 36. Space vehicles utilize the
binary number system which can represent
any quantity. Can yvou write a binary nu-
meral :‘t;or ea-h of these: 0,1, 2, 3.4, 5, 6,
7, 8, 97

Answer:

O =0Ci)=0

1 = 1{2)yY =1

10= 1(2) + OC1) = =2

11 = 1(2)+ 1(1) = 3
100 = 14+ Q(2) + 1) =4
101 = 14+ 0O0(2) + 1€1) = S
110=1C4a4) + 1(2) +~ 0O(C1) = &
111 = 1)+ 1(2)+ 11>y = 7
1000 = 1(8) +~0(a4) +G(2)+ 0(1) = 8
1001 = 1(8) +0(a4) +0O0(2)Y+ 1(1) =9

A satelliite could send back information in

the bDinary system in any way thhat was
needed:

N satelllte may transmit any number =5
transmitting back only two different musi-
cal notes or tones. A high note could indi-

cate ithe digit (1) and a low note the digit.-
(0O). Beep, Beep, Boop could stand for the @ P
Dinary numeral 110 which means 1(4) +

1(2) -+ 0(1) or 4 + 2 + O = 6. This could-
represent six things or be the digit 6 in a
- .base ten numeral. How could you send-the - S
Aigits 5 and & . representlng 56 with beep.s-

and boops? Think up others.

When 'VIarlner IV passed by Mars it sent -
pictures of the Martian landscape' using’

binary nu rr'bers-. Mariner IV’s camera saw.
the Martian  landscape in ‘terms. of dif-

ferent light 1ntens;t1_es- . The  electronic
equipment onboard the spacecraft inter-

preted wvarious light intensities as different
numbers and then transmitted each number

back to Earth. On Earth each number was.
"translated back to a light intensity and the
picture of. Mars was constructed Figure -

I1x1-11.
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MOSAIC OF TIROS PHOTOGRAPHS
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Figure I1I-12
Saiel Ve helped to develop modeéls of the world’s weather. Before 1960,
weather .. " _ns were limited, and weather naps contained vast blank regions over

oceans, deserts, and other sparsely populated areas.

Since April 1, 1960, NASA TIRGS (Television Infra Red Observation Satellite) Weather
satellites have enabled meteorologists to obtain photographs of large areas of Earth and
therefore to deal with weather on a hemispheric or even global basis.

TIROS photographs look much like the cloud cover over Earth, but must be transferred
to charts to produce a geometric model for detailed weather analysis. -

Figure 11I-12 shows how TIROS I made history by yielding data which related cloud
patterns to weather. The top photograph in Figure I1I-12 is a mosaic of TIROS photographs
covering about one-fourth of Earth’s surface. The lower picture is of a weather map based
on the mosaic. o

From this weather map, meteorologists are able to identify and locate areas of low pres-
sure, L, indicating cloud cover and possibly precipitation, or high pressure areas, H, with
clear skies and fair weather. He is also able to locate weather fronts, aHb b A  cold

fronts and, xR , warm fronts. From the position of the front, he is able to esti-
mate when the weather will change at a given location.
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 Figure IlI-13

To obtain more complete coverage of
Earth, TIROS IX, Figure III-13, was
launched Janur:y 22, 1965. The ninth in
the TIROS series was. the first satellite to
photograph the entire ‘sunlit portion of
Earth on a daily basis. - '

‘Early TIROS satellites ‘were placed in
an east-west orbit and were able to photo-
graph only 25% of Earth’s cloud cover per

- day.  TIROS IX was launched into a north-
‘south orbit, Figure III-14, and was able to

: VERNAL ‘
" EQUINOX

provide total coverage due to the relation- -

ship of the satellite’s movement and Earth’s
rotation. As the satellite orbits north-

south, Earth rotates east-west under “it. -

Also, TIROS IX was placed in almost & sun-
synchronous orbit. That is to say, the
normal westward. drift of the orbit is the
same as Earth’s motion around the sun.
This placed the sun continuously opposite

“Earth and provided for constant and favor-

able lighting for. the photographing of

 Barth, Figure III-15.

s XS

WHEEL ORIEN‘I‘A‘I‘ION\

Figure ITI-14

Another factor in the improved cover-
age by TIROS IX was the position of its TV
cameras. Earlier TIROS satellites had
cameras on the base of the drum-shaped
spacecraft. At times, when the base was
turned away from Earth, the cameras looked
into space. TIROS IX’s cameras were
mounted on opposite sides of the drum.
As the satellice slowly “cartwheeled”
through space, the cameras photographed
Earth as it came into view, Figure III-13.

ORBIT PLANE
PRECESSES EASTERLY
APPROX 1° PER DAY’

WINTER
SOLSTICE

AN

SUMMER
SOLSTICE

" Figure [II-15

Cih
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' \AUTUMN -
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Figure IIT-16

From analysis of early weather models,
meteorologists realized that accurate pre-
diction and understandingz of weather dy-
namics could only result from more com-
plete observations of greater areas of the
globe which would have to be taken from
greater altitudes above Earth. The two
major techniques used to provide this in-
formation are sounding rockets, Figure III-
16, and the TIROS, TOS, Nimbus, and
ESSA meteorological satellite programs.
(The ESSA satellites of the Environmental

Science Services Administration of the
Department of Commerce utilize TIROS

technology on an operational basis.)
Construction of meteorological models

and weather charts requires mathematical-

data on cloud cover, atmospheric pressure,
winds at various altitudes, temperature, and
moisture. _ o o
These data can be secured by radiosonde
stations which send .balloons aloft several
times daily. Each balloon carries equipment
to provide data on atmospheric wind,
pressure, temperature, and moisture. This
balloon technique secures a vertical sampl-

ing of the atmosphere up to about thirty

kilometers (18 miles) above the surface,
Figure III-17. :

As far as . ext
mathematical
radiosonde ol

- geographical 13

Eventually
fined, but no
servations an-
ments are p-
materials, equ
niques are t
knowledge of
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Chapter IV

THE MEASURE OF OUR ATMOSPHERE
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Q THE MEASURE OF OUR ATMOSPHERE

“Explorer thht Successful”’--So read the
headlines in November 1935, referring to
the then amazing flight in whrch two men,
sealed in a metal gondola, flew a balloon to
the astounding altitude of 72,395 feet
(about 22 kilometers) and returned safely
to Earth. In January, 1958, another
“Explorer” flew successfully, this time T
orbit Earth, at altitudes exceeding 1000
miles (over 1,600 kilometers). The mission
of both “Explorers” included * sc1ent1‘1c
exploration of the upper atmosphere.”
Man’s idea of ‘“the upper atmosphere”
changed in those 23 short years. This
chapter illustrates how scientists have de-
veloped ways to measure a now very near
and important part of space — the atmos-
phere.

Until the development of powerful rock-
ets during World War II, almost all research
of the upper atmosphere (Figure 1V-2) was
limited to observations which could’ be
made from the ground or by instruments
carried by balloons. Instruments carried
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aloft by these bailoons could seldom achieve
altitudes greater than about 30 kilometers
(18 miles). Sounding rockets have been
developed to help {ill this void between the
_instrument carrying balloons and the orbit-
ing satellites, Figure IV-3. The sounding
rockets have been immensely valuable in
collecting information abcut our upper
atmosphere. The sounding rockets are simi-
lar to those vehicles used in the exploration
of space, but are usually smaller. Their
altitude is limited so they do not depart
from the environment of Earth which they
are designed to explore.

The Earth and its atmosphere, Figure
IV-4, can be thought of as a “system.” At
Earth’s surface, gases and other materials
are leaving the atmosphere to become part
of solid Earth. What do you think hap-
pens to the materials which enter the
lower atmosphere from Earth? Some will
work their way into ‘he upper atmosphere,
and some substances in the upper atmos-
phere will move down into lower layers.
Considerable “trading’”” has occurred be-
iween the parts of the Earth-atmosphere
system. -

- But what happens at the outer bounda-
r1es -of ._the atmosphere? More trading
occurs. - ‘Substances-which_once were part
of solid Earth leave. New materials are
captured from spacz to one day become
part of solid Earth Flgure IV-5. Studying

_ the way these “trades” are being made

(and have been made from Earth’s be-

 ginning) could. provide 1nformat10n about

- Earth. both now and at ‘the time of its
formatlon L

~In-order to- better understand Ea rth
today, we need to ‘know when, where, and
~to “what “extent changes and ‘events are
“taking- place in- the upper atmosphere. . To
“do so requires the ability to lerate: and de- _
scribe’ phenomena as they occur. ,

The concept of a “system” is important
in science, - Select a group of objects at
‘random. Devise a system in which each
object -is an integral part of an operating
system. For example a ruler, a protractor,
an' art gum eraser, and a penc1l could be
“made into a “teeter—totter system, (Figure -
IV-6). . A glass, some water and a cork

. stopper could produce another p1eces of




wire, a socket, a dry cell, a switch, and a
cell holder would be another. When the
various parts act together, we have a sys-
tem. In a system, changes in one part, pro-
duce changes throughout the system.

Not all scientists carrying out research
of the upper atmosphere are interested in
the same phenomena. Each experimenter
requires specific data, such as obtained
from a particular altitude, or ¢  ciding
with special events taking place ori 2 sun,
or timed with passages of a satellite over-
head, Figure IV-7.

Meteorologists ask: “What factors pres-
ent in the upper atmosphere affect the
weather?” In the troposphere, the lowest
layer of atmosphere where nearly all
weather is “‘made,” changes in temperature
and pressure, wind speed and direction,
humidity, precipitation and cloud cover
affect the system which we call our weather.

In additicn 1o reporting present weather
conditions, the purpose of the measure-
ments is to note any trends or patterns
that seem to be developing. When a pattern
in the Earth-atmosphere system is de-
tected, it is possible to make certdin pre-
dictions as to what the weather is likely
to be in the near future.

To make these predictions, we must

rely upon the fact that the trops :phere

consists of gases which are free to .“ow or
move within the system under th.: com-
bined effect of all forces acting up-: . them.
Upper layers of the atmosphere ci-nsiat of
gases which rest upon the lower ‘ayers.
Changes taking place in the upper lz ers of
the atmosphere may result in various :&rces
being exerted upon lower layers.

The upper atmosphere is, therefore,

studied because of its unique position with
respect to space. We need io know what
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? A
B
- . effects are produced by phenomena such
—H—\ . as incoming solag radiation, solar wind,
\ meteors and cosmic rays. These data may
provide evidence related to phenomena
- ”"‘05"”5"5 such as auzora, me’ netic storms, and night
moW.  The . s of {1e upper atmos

phere are subjected to many external and
internal forces. They react to these forces
accordingly.
- The nature and behzwidr of gases near
. . the surface of Earth kas occupied the
L ' —J  attention of a large nmmbe¢r of scientists
FigurelV-5 - " SR for a great many years, I¥loxe recently, the
. o ‘ necess1ty of understanding the behavior of
‘gases’ and - fluids at gk altitudes has
occupied the attentionzof sipace scientists.
. On July 17, 1929, Dr. Robert H. Goddard
- was the fll'St mvestlgamr to successfully
. launch .a scientific payloafl. This first pay-
~ load consisted of a baremeter, a thermom-
eter and a camera. Figue IV-8 shows Dr.
Goddard, second from® ‘e right, with col-
leagues hc»ldmg the rock=x used in the fhght ’
of Apnl 19,1932,
At any . given time, a reasonable de--
scription of the state & a gas is provided
by measuring -three mantities; density,
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