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The Warren Astronomical Society is a local, non-profit organization of amateur astronomers. The
Society holds meetings on the first and third Thursdays of each month. The meeting locations are as
follows:
1st Thursday – Cranbrook Institute of Science
500 Lone Pine Road
Bloomfield Hills, MI

3rd Thursday – Macomb County Community
College – South Campus
K Building (Student
Activities), 14500 Twelve
Mile Rd., Warren, MI

Membership is open to those interested in astronomy and its related fields. Dues are as follows and include
a year’s subscription to Sky and Telescope.
Student ................... $21.00
Individual ............... $30.00

College ........................ $25.00
Family......................... $35.00

Senior Citizen ................... $25.00

Observatory Chairman: Ken Strom 977-9489
Stargate Observatory is owned and operated by the Warren Astronomical Society in conjunction with
Rotary International. Located on the grounds of Camp Rotary, Stargate features a 12½” club-built
Cassegrainian telescope under an aluminum dome. The observatory is open to all club members in
accordance with the “Stargate Observatory Code of Conduct”.
Lectures are given at Stargate Observatory each weekend. The lecture will be either Friday or Saturday
night, depending on the weather and the lecturer's personal schedule. If you cannot lecture on your
scheduled weekend, please call the Chairman as early as possible or contact an alternative lecturer. Those
wishing to use Stargate must call by 7:00 p.m. on the evening of the observing session. The lecturers for the
coming month are:
May
May
May
May

6/7 .......... Ken Strom ........................ 977-9489
13/14 ..... John Root ........................ 464-7908
20/21 ..... Stephen Franks ................. 255-7215
27/28 ..... Frank McCullough ............ 254-1786

June
June
June
June

3/4 ....... Ron Vogt ......................... 545-7309
10/11 ... Alan Rothenberg ............. 355-5844
17/18 .... Doug Bock ....................... 533-0898
24/25 .... Ken Strom ...................... 977-9489

BOARD OF DIRECTORS MEETING
February 12, 1983
The meeting was called to order at about 6:00 P.M.
Those attending were: Frank-McCullough, Ken Strom, Roger
Tanner, Bob Lennox, Doug Bock, Alan Rothenberg, Judy Butcher, and
Ken Kelly.
Ken Strom described the reconditioning of the l2½ inch telescope.
The mirrors were sent to be recoated. $43.22 was the total cost for the
recoating - $30 for the main mirror, $8 for the secondary, and $5 for
shipping costs. A larger declination motor is needed. The clock drive is
working good.
A proposal was made to get a Cou1ter 17" mirror and make a
Dobsonian R.F.T.
The paperwork for the Comerica Bank account had to be redone
because of technicality.
Alan Rothenberg gave a complete description of how to put on a
T.V. show on astronomy.
The next Board meeting was scheduled for Mar. 12 at 5:00 P.M.
at Alan Rothenberg's house, with a Deep Sky observing session at Doug
Bock's site.
The meeting ended at about 8:00 P.M.
Respectfully Submitted,
Kenneth Kelly,
Secretary

WARREN ASTRONOMICAL SOCIETY”S COMING EVENTS
May 5 – Cranbrook meeting. Talk on galaxies in the Virgo area to be given by Doug bock
and Frank McCullough.
May 12 - Workshop subgroup meeting at Doug Bock's.
May 14 - Executive meeting begins at 5:00pm at Frank McCullough’s. All Members are
welcome. Deep sky meeting begins at 7:30 with the constellation Ursa Major and objects
within its boundaries as our subject of study.
May 19 - General Meeting at Macomb County Community College.
May 27 & 28 - that time again for the WAS Annual campout. Five dollars for members, six
for non-members, for the whole weekend. If you just want to come for the cookout on
Saturday at 5:00pm., the cost is $2 for members& $3 for non-members. The weekend will
include many fun events, such as: an observatory tour, solar observing, fishing, baseball
and if cloudy there'll be Risk, chess & Backgammon and other games to play and we'll
have astronomy talks, of course.

WARREN ASTRONOMICAL SOCIETY
LIBRARY
With the approval of our President, Frank McCullough, we are establishing the following
policy for our reactivated library:
1. The purpose of the library is to maintain and make available to the members, at no
cost to them, books concerned with our scientific interest, the science of Astronomy.
2. Unfortunately, our Library, at present, is rather skimpy, partially because we had
no system in the past to control the return of books loaned out. Our treasury, unfortunately,
has limited funds and we cannot proceed with a program of quickly refreshing our library. I
have suggested to our President that the Executive Committee consider the possibility of
establishing a budget of, say, 40.00 each year toward the purchase of one or two books each
year. If the plan is approved, we will welcome your suggestions as to books to consider.
3. We will gladly accept any cash donations for the purpose of replenishing our library.
We will, of course, continue to accept donations of books for the library. The most recent
books donated areNASA – “LANDSAT VIEWS THE WORLD”
JOHN EBDON'S “THE LONDON PLANETARIUM”
4. In order to prevent further depletion of our library, we are establishing a one month
lending limit for our books. A book taken out at our first meeting of the month will be due at
the following first meeting of the month. A book taken out at the second meeting of the
month will be due at the following second meeting of the month.
5. There will be a 2 cents late charge for each day beyond the above indicated due date.
Any unpaid penalty will be added to the dues for the following year.
6. Reservations for books will be accepted and books made available in the order the
reservations are received. Your Librarian will pass around a list of the books at each meeting,
with a reservation sheet on which you may indicate the book desired and the meeting at
which you would like to “take out” the book. If available, the Librarian will bring the book to
that meeting.
7. In the event, upon returning a book, you indicate further nead for that book, and no
other reservation has been made and no request is made for the book during the meeting,
your request will be honored and made available again at no cost to you.
Your cooperation in this endeavor will be greatly appreciated.
John J Wetzel

HOW TO LINE UP TO THE NORTH POLE
1) Make sure that the scope is on level ground.
2) Point the scope as close to the pole as possible, by sighting it.
3) Choose a bright equatorial star that lies near the meridian.
4) With a crosshair eyepiece in the main scope, center the star.
5) Turn on the clock-drive.
6) Rotate the crosshairs so that they point as close to north-south and east-west as
possible.
7) Which way does the star drift in declination?
A) NORTH- your polar axis is too far west of the celestial pole.
B) SOUTH- your polar axis is too far east of the celestial pole.
8) Move the telescope mount accordingly.
9) Locate another bright equatorial star, but this time it should only lie about 20°
above either the eastern or western horizon.
10) Center the star on the crosshairs.
11) Again, adjust the hairs to point north-south and east-west.
12) If the star is on the eastern horizon, how does it drift in declination?
A) NORTH- your polar axes is aimed too far above the celestial pole.
B) SOUTH- your polar axes is aimed too far below the celestial pole'.
13) If the star is on the western horizon, how does it drift in declination?
A) NORTH- your polar axis is aimed too far below the celestial pole.
B) SOUTH- your polar axis is aimed too far above the celestial pole.
14) Adjust the tilt angle of your polar axis accordingly.

* If a star drifts in right ascension at any time, this indicates an error in your clockdrive speed.
Submitted to The WASP by
Craig Kruman

PRESSING KEYS
by
Larry F. Kalinowski
CALCULATING THE PHASE OF THE MOON
Have you ever tried to estimate the phase of the Moon by trying to remember
what its phase was a few days or weeks ago, then counting the number of days to
some future date. I guess everyone has tried that method to some extent, especially
when you’re stuck without your ASTRONOMY or SKY AND TELESCOPE magazine.
If you have a pocket calculator, you can figure it out in about six steps. It
doesn’t have to be a scientific type either. Any plain four function model will do the
job, even the credit card model in your checkbook. Here are the six steps:
1) Enter the day number of the year for the date you're interested in.
(Example: January 10th= 10, March 22nd= 81)
2) Divide by 29.6
3) Subtract the value to the left of the decimal point.
4) Multiply by 29.6
5) Subtract 13.1
6) If your answer is negative, add 29.6
Easy as pie, isn’t it? Of course, the method shown above isn’t as accurate as
you might get with a computer, but it’ll put you in the ball park, so to speak. The
number used in step 5 is only good for the year 1983. When starting a new year, step
5 should contain the phase of the Moon for the previous December 31st at 8:00 P.M.
In order to get a better understanding of what the answer in the display
means, consider it to be the age of the Moon in days, for each lunar cycle. 0 is a New
Moon, 7.4= First Quarter, 14.8= Full Moon, and 22.2= Last Quarter. These values
aren't exact, but as mentioned before, for rough estimating-, they're more than
adequate. The method shown above is also adjusted for 8:00 P.M. of the day of
interest.
Just for fun, try to find the phase of the Moon for April 20, 1983. That’s day
number 110. You should get 8.1 for an answer, which would be about First Quarter.

The Calculating Astronomer
by
Kenneth Wilson
This month's formula is one of the most fundamental and useful to the amateur
astronomer - the formula for Dawes’ limit. W.R. Dawes was a famous 19th Century
English astronomer. One of his most renowned accomplishments was the empirical
derivation of a formula for calculating the resolving power of a telescope. Resolving
power is the ability of a telescope to distinguish fine details (e.g. seeing fine markings
on a planet or resolving a close double star). Dawn limit formula allows you to
calculate the smallest separation of a double star that a given telescope aperture will
resolve. All you need do is plug the diameter of the telescope's objective in inches into
the following formula:
4.56
R = --------D
Where “R” is the resolution limit in seconds of arc (60 seconds of arc = 1 minute of
arc and 60 minutes of arc = 1 degree) and “D” is the diameter of the telescope
objective in inches.
Bear in mind that Dawes’ limit will only be reached under ideal seeing
conditions, with ideal optics by an observer with good eyesight. Also, the formula
assumes that each component of the double star is of the same approximate
magnitude and that neither is dazzlingly bright. Both of these latter conditions will
reduce resolution. .
Armed with Dawes’ limit you can look at a current table of double stars and
immediately tell whether or not the double is easily resolvable, a close challenge, or
clearly impossible to resolve with your telescope. Doubles near the Dawes’ limit are
the most interesting. By trying to split them, you can find out: how good your optics
are and/or how good the seeing is and/or how good your eyesight is. Repeated practice
should tell you which one is which. Dawes’ limit also gives you a convenient method
of comparing one telescope to another on paper (e.g. How much more resolution,
theoretically, will a 12 inch telescope give you than the 8 inch you already have?).
One final note about Dawes’ limit: it's not an absolute limit. Under unusually
good seeing conditions, and/or with people having exceptional eyesight, Dawes’ limit
can and has been exceeded.
As always, if you have questions or comments on this column send them to:
Ken Wilson, 1750 Clarkson, Apt. C, Richmond, VA 23224.
Happy calculating and observing!

Binary Stars - Stephen Franks

Regulus

The leader of Leo is 1.3 magnitude Regulus, marking the lion’s heart at the
bottom of the sickle’s handle.
This bright star is visible for eight Months out of the year, and is a warming sight
when seen rising in the east at winter's end.
The binary star observer Barns called this object, “a noble sun”. It is a blue-white
main sequence star of spectral type B7, lying 84 light-years from us – therefore being
the nearest of Leo’s showpieces. Astronomer Piazzi Smyth described its hue as
“flushed white”.
Regulus has an eighth magnitude companion 177 seconds northwest of it; both
stars are drifting through space together. Rev. Olcott curiously rated this as a difficult
object in a three inch telescope even though it can be seen in binoculars. Webb wrote
that the small star, “… affords a beautiful contrast…” with the primary, although he
was referring here to its magnitude difference rather than its color.
The companion’s color seems to be credited with having a strange, nondescript
hue – usually given as white but with uncertainty. An intriguing comment about this
object was made long ago by famed astronomical historian Agnes Clerke. She
described this star’s color as “ … seemingly steeped in indigo.” - A curious remark
which we should try to confirm ourselves. What tint do you give to the companion of
Regulus?

- SOLAR SECTION ASSOCIATION OF LUNAR & PLANETARY OBSERVERS
Recorder: Richard E. Hill
4632 E. 14th St., Tucson, AZ. 85711

Dear Fellow Observers,
The Association of Lunar- & Planetary Observers (ALPO) has begun a new
section that may be of interest to you.
The ALPO is a worldwide organization of amateur and professional astronomers
that observe solar system objects in a coordinated manner. Their observations are
then pooled together and made available to amateur and professional researchers. The
ALPO was founded in 1947 and is presently directed by Walter H. Haas. Since its
founding it has become well known for its high quality observations of the moon and
planets. But, in July, 1982 they expanded their observational program. The ALPO has
embarked on an exciting new field of study, the study of our own star, the sun. This is
an especially rewarding field of study for the amateur astronomer since the features of
the sun are the most active and changing in the whole of the solar system. The work
of the Solar Section of the ALPO will be the morphology of these features. The Section
will not involve itself with any tabulation of daily relative sunspot numbers or radio
flare patrols. This work is already being done around the world by several other
groups. What this Section will do is study, visually and photographically, the
structure and evolution of solar phenomena in white light. While monochromatic
observations will be accepted and kept on file by the Recorder of the Section, such
observations will be used to augment the white light observations. The full expansion
of the Section into the fields of monochromatic, photometric, and spectroscopic
observing will come about as the time, interest and abilities of the participating
observers allow. There will be a further emphasis on the photographic observations
since these are in great demand by the professional community. Drawings will play a
secondary, but still important role.
The function of the Section Hill be to stimulate, coordinate, and promulgate the
amateur work in the field of solar morphology. Beyond this the Section will provide
the professional community with the reliable high quality observations of solar
phenomena made by these amateurs. In this way amateur astronomers, by pursuing
their interest, make valuable contributions to science. The Section has already been
guided by the professional astronomers. For the most part they have been very
supportive of the Section. They have suggested that the observations be pursued as
follows:
1) Medium Resolution Observations
Whole disk photography and drawings for the purpose of determining accurate
heliographic latitude and longitude to assess drift and rotational variations. Such
observations in both white light and monochromatic light are useful.
2) High Resolution Observations
Photography and drawings of individual centers of activity taking advantage of
moments of best seeing.

Each observer will have different amounts and arrangements of time available
for observing. However, there are different types of observations needed that make
different and varying demands on the observer's time. There is a need for observers
that can work a little each day as well as those who can only devote a day or two each
month to solar observing.
Eventually, it is hoped that the Section will have enough observers around the
world, at more or less regularly spaced intervals in longitude in both northern and
southern hemispheres so that we will have continuous coverage capabilities. We are
nearing that goal now with members in over a dozen countries.
Once each rotation a bulletin called the Rotation Report will be published by the
Section. It will list all data that has been received by the Recorder during the previous
rotation. The data will be listed by rotation number and SESC (Space Environmental
Services Center*) Region number. Also, it will include qualitative notes about each
observation. Observing hints, requests and information for the members of the
Section will also be included in the Report. This Report will be sent to professional
solar astronomers and researchers around the world. Others wishing this Report
should send stamps or SASE's to the Recorder. (Please no more than ten at a time!) If
you cannot send stamps contact the Recorder and some arrangement will be made.
An observers Handbook is available from the Section for $4.00 (U.S.) This cost is
to cover the printing and postage, expenses that must be initially borne by the
Recorder. The only requirement is that those wishing the Handbook be members in
good standing with the ALPO. Those members, and those contemplating membership,
in the Section who are in countries prohibiting the mailing of these fees may again
contact the Recorder and special arrangements will be made.
The ALPO is not just a U.S. organization. It is at the service of amateur
astronomers around the world. The active of all is welcomed. Those interested in
finding out more about joining the ALPO should contact Halter H. Haas. Those who
are already members and are interested in the Solar Section should contact the
Recorder.
As has been shown, the demands in terms of time need not be great, but, because
of the contributions to science and the pure pleasure of observing, the rewards are
great.
Sincerely,

Walter H. Haas
ALPO-Director
Box 3AZ.
University Park
New Mexico,
U.S.A., 88003

Richard E. Hill
Resident Observer
Warner & Swasey Observatory
(Kitt Peak Station)
4632 E. 14th st.
Tucson,
Arizona, U.S.A., 85711

* of the National Oceanic and Atmospheric Administration (NOAA)

FOR IMMEDIATE RELEASE
MID CON I
APRIL 29, 30 & MAY 1
c/o 24001 MORITZ
OAK PARK, MI 48237
(313) 398-2825
Woodrow Woo, Publicist

THE MIDWEST SPACEMODELING CONVENTION (MID-CON 1) WILL BE HELD THE
WEEKEND OF APRIL 29, 30, & MAY 1 AT THE MIDWAY- MOTOR LODGE IN
WARREN, MICHIGAN. THE CONVENTION IS HOSTED BY THE GREAT LAKES
ASSOCIATION OF ROCKETRY (GLAR) AND CO-HOSTED BY THE SOUTHEASTERN
MICHIGAN-MODE~ ROCKETRY SOCIETY (SEMROCS). BOTH GROUPS ARE NONPROFIT ORGANIZATIONS AND SANCTIONED SECTIONS OF THE NATIONAL
ASSOCIATION OF ROCKETRY (NAR), WHICH IS THE GOVERNING BODY OVER
MODEL ROCKET ACTIVITIES IN THE UNITED STATES. THE CONVENTION IS ONE OF
FOUR HELD ANNUALLY ACROSS THE COUNTRY INCLUDING, FOR THE FIRST TIME,
THE DETROIT AREA.
MID-CON I WILL FEATURE SPEAKERS, DISCUSSION GROUPS, MANUFACTURERS’
DISPLAYS AND THEIR REPRESENTATIVES, MULTI-MEDIA PRESENTATIONS, AND A
MODEL ROCKET DEMONSTRATION LAUNCH. THE CONVENTION IS OPEN TO ALL
GROUPS AND INDIVIDUALS INTERESTED IN THE HOBBY/SPORT OF MODEL
ROCKETRY. PRE-REGISTRATION FEE IS $10.00 (U.S. funds) & IS SUGGESTED, AS
REGISTRATION AT-THE-DOOR WILL BE $15.00.
ADDITIONAL INFORMATION MAY BE OBTAINED FROM VINCE BONKOWSKI,
CHAIRMAN, AT 264-3755 EVENINGS, SAM PHILLIPS, CO-CHAIRMAN, AT 755-6283,
OR AT THE ADDRESS OR PHONE NUMBER LISTED AT THE TOP OF THIS PRESS
RELEASE.

THANK YOU . . . . AND PLEASE LET ME KNOW IF YOU ARE INTERESTED IN
ATTENDING OR COVERING OUR CONVENTION.

SUPPORT SPACEMODELING!!!!
Sincerely yours,

Woodrow Woo
Public Relations

SOME OBJECTS YOU MIGHT WANT TO LOOK INTO
By
Brian Johnston
1. Rigel, Beta Orion = 05H 13m.6 -0.8° 13’. Mag 0.3
2. Capella, Alpha Auriga = 05H 15m.2 +45° 57'. Mag 0.2
3. Betelgeuse, Alpha Orion = 05H 54m.0 +07° 24'. Mag 1.7
4. Sirius, Alpha Canis Major = 06H 44m.2 16° 42’. Mag -1.6
5. Procyon, Alpha Canis Minor = 07H 38m.2 +05° 17' Mag 0.5
6. Pollux, Beta Gemini = 07H 44m.1 +28° 05'. Mag 1.2
7. Regulus, Alpha Leo = 10H 07m.3 +12° 04’. Mag 1.3
8. Spica, Alpha Virgo = 13H 24 m.1 +19° 17’ Mag 1.2
9. Arcturus, Alpha Bootes = 14H 14m.8 +19° 17’ Mag 0.2
10. Antares, Alpha Scorpius = 16H 28 m.2 -26° 23'. Mag 1 .2
11. Altair, Alpha Aquila = 19H 49m.8 +08° 49'. Mag 0.9
12. Nearest Stars = Sirius, Procyon, Altair (See Above)
13. Some Multiple Stars = Zeta Ursa Major, (Alcon-Mizar)
13H 23m.1 +55° 02’
Epsilon Lyra, 18H 43m.7 +39° 38’
14. Variable Stars = Beta Perseus (Algol) 3H 6m.6 +44° 52’
Mags 2.06 – 3.28.
Beta Lyra 18H 49m.4 +33° 21’. Mag 3.39 – 4.36
15. Open Clusters
Pleiades = M45 03H 46m.3 +24° 03’. Mag 1.4
Beehive = M44 (NGC 2632) 08H 38m.8 +20° 04’
16. Hercules M13 or NGC 6205 16H 41m.0 +36° 30’
17. Nebulas
Crab – Taurus M1 = 05H 32m.2 +22° 00’. Mag 10
Orion M42 or NGC 1976 (See Nebulas)
18. M. Objects
Pleiades M45 (see open clusters)
Crab M1 (see nebulas)
Orion M42 NGC 1976 (see nebulas)
19. NGC
Rosetta Nebula (Monoceros) = NGC 2244
06H 29m.7 +04° 44’ Mag 6.2

20. Galaxies
Andromeda M31 = 00H 41m.6 +41° 10’
21. Radio Sources
Algol Beta Perseus (see variable)
Crab (see nebulas)
Orion (see nebulas)
Rosetta (see NGC)
Galaxy Center – 17H 44m.3 -28° 56’
22. Pulsars – Crab (see above)
23. Quasars – 3C273 12H 28m.0 +02° 10’

******************************************************************
REFERENCES
Observer’s Handbook 1982-83
Royal Astronomical Society of Canada

E.I.A.W.T.K.A.A.B.D.X.W.T.A.
Son of Escape Velocity
by
Bruce A. Johnston
As I stated in the previous two-part discussion on Escape velocity, there is
another velocity which I had always considered “too hard to figure out”. That velocity
is the initial velocity required, in ballistic flight, to raise some object to some given
height while under the influence of a gravitational field which changes with altitude
(as is the case in the real world). This discussion is aimed at explaining why and how
the calculation can be made.
I will boldly admit at the outset that the line of reasoning I shall follow and the
equations I end up with are my own. I couldn’t find any books that explain it to me
(that doesn’t mean that there aren’t such books; only that I couldn’t find them).
Therefore, if you find anything I say to be incorrect or misleading, I will take full
responsibility for the error. (In return I only ask that you temper your wrath
somewhat and take pity on this poor, undereducated soul.)
As it turns out, a very fitting place to begin this particular discussion is to
point out – and apologize for – an error I made in the previous two-parter. (I assume,
of course, that you’ve read it. No? Well, I suggest you do so before continuing because
this discussion is an extension of it and, rather than repeat some necessary
background information in this discussion, I must assume you’ve followed my line of
reasoning up to this point.)
In the previous article, while trying to work my way toward a definition of
Escape velocity, I rather blithely said that if a ball were thrown upward at some given
velocity it would attain some particular height. If then, the ball were thrown upward
at twice the Initial velocity it would attain a height which was double the first. If the
initial velocity were tripled, the height attained would be tripled. (All this was done in
a gravitational field which didn’t diminish with altitude).
My brain must have been in low gear, for this is grossly incorrect and I knew
better at the time. (Since I only used it as an example to lead toward the concept of
Escape velocity I hasten to add that, while this example is inaccurate, it doesn't
diminish the validity of the subject of the discussion at the time; namely Escape
velocity. I stand by all the reasoning and math of the rest of the discussion.
Nonetheless, the statement was incorrect and happens to play a significant role
in this particular discussion. Therefore, let's see what would REALLY happen to the
height attained if the initial velocity were doubled, then tripled, etc. in a constant
gravitational field. We’11 do so by way of Kinetic and Potential Energy.
You’ll recall that I said that when an object is thrown upward it begins its
upward flight with maximum kinetic energy and zero potential energy. As the object
rises it slows, and kinetic energy is converted into potential energy. When the object
finally stops its upward flight it has, for an instant, maximum potential energy and
no kinetic energy. Previously we found that maximum potential energy was equal to
maximum kinetic energy but not at the same time.

Expressed mathematically:
Kinetic energy (max) = Potential energy (max)
Or, more simply:
Ek(max) = Ep(max)
Since the equation for kinetic energy is:
MV2
Ek = -------2
And the equation for potential energy is:
Ep = MGD

(both equations representing maximum)

Then we can say that:
MV2
-------- = MGD
2
On the left side of this equation we have the variable “V”, for initial velocity. On
the right side we have “0”, for distance, or height. If we wish to see the relationship
between these two variables, all we need do -- and this is perfectly allowable in
Algebra -- is toss out all the values that are “constants” (which simply means that
they are values that never change).
The mass of the ball won’t change when we toss it up, so it is a constant, and
we can just throw it out.
V2
--- = GD
2
The value of “2” certainly doesn’t change, so out it goes.
V2 = GD
In our example we said that “G” is constant, so it can also be tossed aside.
V2 = D
Presto! What’s left is the equation that shows us how distance changes with
velocity (and vice-versa). Distance changes with the SQUARE of the velocity. More
correctly stated distance is directly proportional to the square of the velocity.
Therefore if we DOUBLE our original velocity, the height attained will be (22) FOUR
times as high. If we triple it, the height attained will be (32) NINE times the original
height.

Warning! This business of tossing out constants -- if you’re not familiar with
the procedure -- is only valid to see how one variable affects the other. The Resulting
equation is NOT the same thing as the original equation!
End of explanation and apology. Now ---- at last ---- on to the subject at hand.
We know that potential energy is energy of POSITION. That is, the greater the
distance between two objects, all other things being equal, the greater is the potential
energy between them. Up to now we have used the surface of the Earth as one point
and the position of a ball as the other point. The surface of the Earth was picked as a
point arbitrarily, so as to clarify the issue at hand. We could just as validly have
picked the center of the Earth as one of the points and let the position of the ball
continue to represent the other point. We could even have picked “Infinity” as one
point and still let the position of the ball represent the other point. It all depends on
what you're trying to accomplish as to which point you wish to use. But to what
purpose? Good question. I’m glad you asked it. Let me explain my reasoning as to
HOW to figure the initial velocity needed to raise a ball to a certain height above the
surface of the Earth by using the CENTER of the Earth as one reference point and the
position of the ball as the other point. Later, I’l1 show a couple of equations that work
quite easily. But first I must explain WHY they work.
1. Using the center of the Earth as one point and a ball resting on the surface
of the Earth we can calculate the potential energy between the two points by using the
equation Ep = MGD. We know – or can easily determine -- the mass of the ball, we
know the rate of acceleration caused by gravity at the surface of the Earth, and we
know the distance between the two points (the radius of the Earth.)
2. If we were to raise the ball -- somehow --up to some height above the surface
of the Earth we could again calculate the potential energy between the two points. The
Mass of the ball hasn’t changed. The value of “G” has diminished somewhat because
the ball is now further from the Earth (we aren’t worried about the actual figures,
only the procedure of what to do and how to do it). “D” has, of course, increased in
value because the ball is now further from the center of the Earth. If we were to
multiply the three new values we’d get the potential energy for the ball at this new
height.
3. Now we have two differing values for potential energy. The first being the
energy when the ball was resting on the surface of the Earth and the second being the
potential energy for the ball when it was raised to some height above the surface of
the Earth. The difference between these two energies is the energy required to move
the ball from one point to the other. (Sound reasonable so far? I hope so, because the
entire discussion is based on the validity of this point.)
4. If we reckon that the energy used to move the ball from one point to the
other is kinetic energy, we can calculate what velocity is needed to give us the
required kinetic energy.
MV2
Ek = ------2

so

2 Ek
----------

V=

√

M

When I reached this point in my reasoning I found that there were several
possible directions, which could be taken to calculate this needed velocity (All of
which work, by the way). The most straight-forward method is, to calculate
everything exactly as I’ve described it, step-for-step, including calculating the new “G”
at the new height. Unfortunately, the math required tends to become a bit lengthy. To
do all this, you must drag into play a value known as the “Gravitational Constant”,
the Mass of the Earth as well as that of the ball, and you end up dealing with units of
distance and energy as well. Now, there’s nothing wrong with doing this, but there is
another way, as it turns out. We can forget about the “Gravitational Constant”,
varying gravitational fields, the masses, all of it if we bring back an old friend, Escape
velocity. Escape velocity happens to have all these values built right into it!
Furthermore, we’ve already seen how to calculate Escape velocity for any planet – or
for any distance from any planet, so why not use what we’ve already learned?
I must point out before I continue; however, that it isn’t really a case of doing
it with different data. It’s just taking the same information and re-arranging the
equations.
Rather than try to take you step-by-step through the math (I doubt I could hold
your attention that long. I don’t even know if anyone will bother reading this far!)
I’m going to jump right to one of the final two equations. I will say, though, that the
equations were derived using strictly high school level Algebra. Not a drop of calculus
was added.
Here’s the semi-final equation:

V = Ev •

√

1
1
----- - -----R
D
----------------------------1
------R

(big, isn’t it?)

In this equation: R= Radius of the Earth (it can be in miles, kilometers, meters,
whatever you prefer).
D= Distance from the center of the Earth the ball is to thrown to,
using the same units of measurement as was used for “R”.
Ev= Escape velocity at the Radius of the Earth. (You can use
Km/sec., Miles/sec., which one you desire).
V= The initial velocity needed to raise the ball to the desired height.
(It’ll have the same units as that used for Ev).
Let’s try it and see what we get before I simplify the equation. It’ll use Kilometers for
my distance measurements and, just to be contrary, I’ll mix the units --- which, as I
said, can be done if so desired with this equation --- and I’ll use Miles/Hr. for the units
of Escape velocity. My final velocity answer will, of course, also be in Miles/Hr.

I wish to throw a ball into the air to a height of 500 Km. above the surface of the
Earth (That's about 310.1 Miles, for those of you who still think in that form of
measurement most easily . . . . . . . . . . like I do). What must the Initial velocity be?
R = 6378

(Radius in KM)

D = 6378 + 500 = 6878 (Distance ball will be from the center of the Earth
when it reaches the desired height --- in Km.)
Ev= 25032 m.p.h. (11.19 Km/Sec.)

V = 25032 x

√

1
1
--------- - ---------6378
6878
----------------------------1
---------6378

=

6749 m.p.h

Or, let’s measure our distances in Miles and our velocity in miles/sec. (Ev =
6.953 Mi/sec.), I wish to raise an object up to a distance above the surface of the
Earth of 110,000 miles (that’s 113,963 above the center of the Earth.)

V = 6.935 x

√

1
1
--------- - ---------3963
113963
----------------------------1
---------3963

=

6.831 Mi/Sec.

I could introduce more examples but, hopefully, you get the idea. Besides,
drawing these equations that have radical signs is a pain, when all you have is a
typewriter. (Come on, now. Show me a little mercy. After all, I’m not done yet).
Perhaps this equation is still a bit too bulky for your liking. If you’re willing to
go one step further in simplification, the equation can be made that much simpler. If
you're willing to use the measurement of height in “Earth-radii” (From the discussion
on Escape velocity) then the equation can be written as:
V

=

Ev

x

√

1
1 - ------

or:

V =

Ev

√

1 – 1/D

D

Let’s see what velocity is needed to raise our ball to a height of 10 Earth-radii
from the surface of the Earth. (That’s 11 Earth radii from the center, and that’s what
counts.) We'll use Km/sec for Escape velocity, so that’s what the units will be in the
answer.

V = 11.19 √ 1 - 1/11 = 11.19 √ 10/11 = 10.669 Km/sec.
One final example of this particular equation: Let’s raise the ball 10,000 Earthradii (63,780,000 Km) from the surface (10001 from the center of the Earth).
V = 11.19 √ 1 - 1/10001 = 11.189 Km/sec.
That’s only about .001 km/sec less than the Escape velocity and it’s only about
.52 km/sec more than what it took to raise the ball only 10 Earth-radii, yet we go
1000 times higher! As you can see, when you start dealing with extreme distances,
there is a very narrow window of velocity where the slightest change in initial velocity
can make tremendous differences in the altitude achieved.
This last equation can be used for ANY planet or star, if you so desire. All you
need remember is to use the PLANET’S escape velocity and “planet-radii” for
distances. Don’t end up using Earth’s escape velocity or “Earth radii” for distances by
accident.
If you desire, you can also take either of these equations and re-arrange the
values so as to solve for the DISTANCE the ball will rise when the initial velocity is
known. In the case of the tatter equation, if it is solved for “D” instead of “V”, it
becomes:
D =

1
----------------1 - (V/Ev)2

How high will an object rise if it has an initial velocity of 10 km/sec?
D (Earth radii) =

1
-------------------------- = 4.9657 Earth-radii
1 - (10/11.19)2
(31,671 Km)

I could go on and on, showing what effect a small change in kinetic energy can
do to the final distance reached, but, alas, this discussion has already lengthened to
the point that our kindly editor, Judy Butcher, will no doubt have a heart attack
(with good reason) when she sees the work I’ve already created for her. (And I’ve
already had two of them. I wouldn’t want to be the cause of anyone in the world
having to go through that!!)
My closing thought is that these “magic velocities” aren’t so difficult after all. I
intend, in the near future, to take a few shots at several more “deeply complicated”
principles of physics and show that, with a minimum amount of formal education,
even the more supposedly complex principles can be easily understood. I already have
started on two of them. Until then, happy calculating.

