Latitude & Temperature

Subj ect: LM 1) Introduction:
- latitude & tenperature:

After the PSit would be desirable to easily determine with common itens
your Latitude, predict average seasonal tenperatures, and neasure the
cloud density-clearing rate. It may be that one has |ost track of days
and now wi shes to know what the earth is telling us the seasons are.
Assune for now there are no dip needl es avail able and one does not know
how to make one (a subject for another tine).

All of this can be determ ned by neasuring the Iength of daylight for
the | ongest and/or shortest day or any two days of the year. The

| ongest days will occur when the earth is tilted such that you are
closest to the equator and will tell you the fist day of sunmer 21 Jun
The shortest days occur when the earth is tilted away from the equator
and give the first day of winter 21 Dec.

The readi ngs can be taken with a normal watch, or clock (described
|ater) or can be taken sem -automatically by building a sinple circuit.
Once the readings are taken one need only use sone sinple graphs to

cal cul ate Latitude, predict seasonal tenperatures, and if needed
determ ne what season of the year one is currently at.

I have been working this project for a nunber years and it will take
seven separate posting to fully explain it. | have attenpted to nmake it
as sinple to use as | can. Print it out and use it as an after PS
reference docunment. You may want to build the circuit bel ow before the
PS and test it out.

The following E-mail posts will make up this subject:
(LM = Li ght Measurenents)

LM 1) Introduction

LM 2) Photocell neasurenents:

LM 3) Results of neasurements part1:

LM 4) Results of neasurenents part2: G aphs to use
LM 5) Results of neasurements part3: Formula to use
LM 6) Light nmeter construction and use:

LM 7) Tenperature, precipitation versus |atitude:

Subj ect: LM 2) Photocell neasurenents:

Several years ago | built the following circuit and begin taking
measurenments. See PhotoCell.gif. The

circuit was designed to nmeasure the duration of night and daylight over
the last 24 hrs. 1t works by turning on a normal old AC- house cl ock
during daylight and then turning it off at night.
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Li st of parts needed: (includes description of its use)

Quantity-1 AC-Relay: | used DPDT Radi o Shack PN 275-217C $7.99. It is a
125v AC 15anp Plug-in Relay. Al nost any AC nornmally closed Relay will
work. Only need to solder wires one side of this unit. At this |ow
power usage after several years of running 24 hours/day the contacts are
not a bit burnt. At the tinme of transition between night to day or day
to night the relay chatters and sounds |ike a buzzer. This goes on for
several mnutes (2 mnutes 6.6 sec on the average) and can be used as a
rem nder once a day to reset the clocks and take the readings to mark
themon a list.

Quantity-2 AC-house clocks (typically old alarm clocks): One neasure
daylight and the other neasure dark time. Both are reset to 12: 00 once
a day. The clock that neasures the length of nighttinme is really not
needed. | used it to determ ne how accurate ny measurenents were.

found as an average 2 mnutes 6.6 sec of buzz or dead tine where neither
cl ock were running (for some 270 readings).

Qunaity-1 Photo Cell: | adapted an Indoor photocell lanmp plug-in unit
from Home Depot about $6.00. It is sold as a 300-watt automatic |ight
control to turn off incandescent |lights at dawn and on at dusk. It's a
rectangul ar box 2.25" by 1.5" by 1.25" with a plug on one side and a

receptacle on the other side. It's designed to plug into the wall and
neasure the anbient light. Once it goes dark it turns on allowing AC to
flow through to the receptacle socket onit. | wired it so as to junper

over the output receptacle. Cut off an extension-cord-plug and w nd
both wires together so the plug beconmes a short circuit. This is then
pl ugged into the photocell. | taped the photocell to the end of a stick
of wood and mounded it on the roof (on top of nmy TV antenna). Pl ace
your photocell as high as you can and in a position so as to not be
obstructed by a big barrier in the east-west direction. Two wires run
into ny house through a crack in a window. | used silicon rubber calking
to seal the unit before putting it in the weather. | also placed a thin
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white opaque plastic (type used in light tables) as a diffuser over the
photocel | sensor to help defuse light conming in froman angel so the
unit could be facing up and still work for sun rise and sun set.

Quanty-3 extension cords: Two short |ight |anp extension cords were cut
up to provide the plug and two receptacles as shown in the diagram A
much | onger extension cord was used to run to the roof and plug into the

photocel | . The outdoor connections were sealed with silicon rubber.

Practically no power is used so nunber 18 or 16 gauge wire is plenty big
enough.

Subj ect: LM 3) Results of neasurenents:

| took 327 measurenments over two years and plotted figure Al:
Phot oC- Al. gi f.

A1 Photo Cell Measured Daylight Hours versus Date

16:00 1

15:00 'r
14:00

= L]
= 1
1300 _, L
=t ] . - .
E ] »
tn 12:00 ]
N ‘ %
T 1100 " g
] ]
] v -"
10:00 3
1

T1M/A5 2889 320089 82589 12689 3M500 62300 10400 1501 44501

Date of measurement

This is the typical sine
wave, as one woul d expect, with the maxi num daylight at 21 Jun and the
m ni rum at 21 Dec for each year.

Now if the tilt of earth with tine of year is factored in, the follow ng
pl ot of daylight hours versus l|atitude results:
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A2 - Nautical and Astronomical Twilight compared to Photo Cell Measurements Taken
At 32 Degrees Latitude [Jun 21 {left end) to Dec 21 {right end)]
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Phot oC-A2.gif. Latitude in this curve is

"relative latitude" of sun's position (with respect to equatorial plane)
and the current position of earth. Wat it is saying is that if
nmeasurenents are taken at a fixed point of 32-degree latitude then there
is a uniformal nost straight-line relationship of daylight with respect
to relative Latitude (tilt of earth).

The inmportant point to get fromthis graph is that the photocell
measurenents on clear days occur uniformy a given percentage in this
case 63.8% between Nautical and Astronom cal Twi light. The phot ocel |
is measuring 63.8% of 18-12 degrees or 3.83 degrees form Nauti cal

Twi i ght. Thus (12+3.83 =) 15.83 degrees below the horizon is what
this photocell typically neasures for a clear day. One degree is about
3.95 minutes or 236.7 seconds of tine. The photocel |l typical neasures
18-15.83= 2.17 degrees or 2.17*3.95= 8.57 nin before Astronom cal

Twi | i ght.

Now | will digress a mnute and pick up the definitions of these terns
fromthe navy site http://aa.usno.navy.nm|/faq/docs/RST_defs. htm

Twi | ight: Before sunrise and again after sunset there are intervals of
time, twilight, during which there is natural |ight provided by the
upper atnosphere, which does receive direct sunlight and reflects part
of it toward the Earth's surface.
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Nautical twilight is defined to begin in the nmorning, and to end in the
eveni ng, when the center of the sun is geonetrically 12 degrees bel ow

t he horizon. At the beginning or end of nautical twlight, under good
at nospheric conditions and in the absence of other illum nation, genera
outlines of ground objects nmay be distinguishable, but detail ed outdoor
operations are not possible, and the horizon is indistinct.

Astronomical twilight is defined to begin in the norning, and to end in
the eveni ng when the center of the Sun is geonetrically 18 degrees bel ow
the horizon. Before the beginning of astronomical twilight in the
nmorning and after the end of astronomical twilight in the evening the

Sun does not contribute to sky illum nation; for a considerable interva
after the beginning of norning twilight and before the end of evening
twilight, sky illumnation is so faint that it is practically

i mpercepti bl e.

| think what the above is saying in sinple terns: Nautical twilight is
good enough darkness to start taking reading of the sky for navigationa
purpose. Astrononical twilight is good enough darkness to start taking
Astronomi cal sightings.

In ny current location on a clear day it is total dark (between 1 and 2
LUX) above with faint hint of a glow on horizon occurs about 18-20

m nutes after the photocell decides to switch. At the Photocel
switching point looking up it is a dark blue on a clear day. There is
still indirect light fromthe horizon that is lighting the soundi ngs and
to some extent the sky. The light illumnation intensity of 28-38 LUX
is on the average nmeasured just after the photocell decides to switch
when nmeasuring sunset twilight. 28 LUX was nmeasured near the beginning
and now | get about 38 LUX. Must be acclimating dirt on it over the

| ast several years. | typically measure about 140,000 LUX during an
average clear day for maxi mum sun intensity. Thus when the intensity
gets to about 1/5,000th to 1/3,000th of midday sun intensity then the
photocel |l switches. 28 LUX is equivalent of 10 tinmes less |ight as
conpared to being 5 ft under a two-bulb florescent 40-watt fixture. At
this time of the day you see nobst street |ights have turned on

My nmeasurenments indicate that on a cloudy day as conpared to a clear day
(on an adj acent days) on the average the tine is shortened by about 7
mnutes (6 mn 57 sec to be exact). If it is cloudy for both norning and
ni ght then this subtracts about 14 mn fromthe day.

LM 4) Results of neasurenents part2: Graphs to use

The next task was to use what was | earned fromthe previous neasurenents
and bounce them agai nst naval tables for Astronom cal and Nautica
twilight to result in a generalized set of plots that would have broad
pl anet wi de use. The maxi nrum dayli ght (upper curves) and m ni mum (| ower
curves) daylight for an observer sitting at Greenwi ch and changi ng

| atitude were then plotted. This was done for Astronom cal and Nautica
Twilight-to-Twilight measuring daylight tinmes only. See chart B1.

Phot oC-B1. gi f.
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B1) Nautical and Astronomical Twilight Max and Min Daylight Time
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Recall that the nmeasured (63.8% between Nautical and Astronom cal

Twi | i ght was for clear days. |If we shortened the day by making it

al ways cl oudy at the beginning and cloudy at the end then we take about
14 min off each daylight measurenent. This result is equivalent to when
the sun is about 14.06 degrees bel ow the horizon. On C oudy days one
then cal cul ates the predicted photocell results for full range of
latitude we get the following results. See charts Cl, C2, or C3

dependi ng on how far north you end up. If you are close to the equator
use plot Cl1 this will be easer to interpolate your neasurenents.
http://honel. gte. net/ m kel ob/ Phot oC- C1. gi f .
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C1) Photo Cell Measurements Max and Min Daylight Time During A
Year
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http://honel. gte. net/ m kel ob/ Phot oC- C2. gi f .
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C2) Photo Cell Measurements Max and Min Daylight Time During A
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http://honel. gte. net/ nm kel ob/ Phot oC- C3. gi f .
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How do you use these graphs in practice? If you have a working watch or
clock that has a built in calendar and it has been working since before
the PS, then you can wait until near 21 Jun (naxi num daylight) or 21 Dec
(m ni mum Dayl i ght) and then take some | ength of daylight type of
measurenents. |If you don't trust the north south rotational axis to be
aligned in the same direction (toward north star), or if you have | ost
track of days then you can take measurenents once a week or once ever
several weeks until the tend sl ows down and changes direction. At the
sl ow point one may want to take nore frequent readings. Plot this on
graph paper so you can see the trends. Results would be summarily to
curve Al above.

Once you have found either the mnimum or maxi mum day | ength then | ook
it up on one of the above graphs to determ ne what |atitude you are at.
Jun 21 2003 is very close to May 2003 and the earth ny not have going
back to close to it's 24 hr/day rotation sufficiently enough. It nay be
that your fist good reading will be Dec 21 2003.

The next set of curves shows what we get if we subtract the mninumfrom
the maxi mum | ength of day. This has one di sadvantage in that one needs
to wait an additional 6 nonths over the above curves. It has severa
bi g advantages. Any constant cloud density filtering effect that
shortens daylight neasured tine or any differences in photocel
sensitivity to light are cancel ed out of the equation. What this is
saying is - if the clouds after PS are nuch nore dense as conpared to
the clouds | neasured, it won't nake a difference. |t does assune the
relative cloud density stays about the sanme over the 6-nonth period of
measurenment. This can be verified by taking regular mnidday |ight
intensity readings with a light neter ained straight up

The big advantage to the following curves is you can neasure |ength of
day using al nost any nethod you want. As long as it is gives uniform
repeatable results, use it. For exanple, one could use a solar cel
hooked to a digital nmeter and neasure sone arbitrary round nunber of
current reading within the hour or half hour before total dark. One
could wait until some object in the distance cannot be seen or until you

can barely read your watch. |If this were the assuned (doing the sane
every tinme) criteria for starting and stopping a tinmer, then the
following curves would still work

http://honel. gte. net/ m kel ob/ Phot oC-D1. gi f.

Pane 12 nf 24



Time (Hr:Min)

g:00

EIN]

4:00

3o

200

1:00

000

Latitude & Temperature

D1) Difference hetween Max & Min Day Lenth During Any Year For Any Given Latatude Using

Photo Cell Measurments

g2

Aq:ns

a 5 10 15 20 25
Degree Latitude

Pane 12 nf 24

30

35

40



Latitude & Temperature
http://honel. gte. net/ nm kel ob/ Phot oC- D2. gi f .
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http://honel. gte. net/ nm kel ob/ Phot oC- D3. gi f .
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How do you use these curves? Sinply nmeasure the maxi num and mi ni num

| ength of daylight over 6+ nonths to a year. Then subtract to find the
difference. Look up the result on curve D1, D2, or D3 dependi ng on
which fits your situation best. Follow over to the curve then down to
deternine the latitude you are at.

Rul e of thunb fromthe slope of graph: For latitudes between 5 and 40
degrees: for every 10 degrees latitude you travel away from the equator
you add approximtely 1.5 hrs of additional time to the difference of
maxi mum and m ni nrum dayl i ght tines.

LM 5) Results of neasurenents part3: Fornula to use

For some who are willing to endure a bit of sinple math it will be
possible to take any two nmeasurenents any tinme of the year and know ng
the date of the year calculate the delta of the daylight max-m ninmunms
needed for the D1-D3 tables previously presented.

If you recall PhotoC-Al.gif. Shows that a

sine wave will fit this curve nicely. This sin wave doesn't start unti
approximately 21 mar of each year. This is 80 days into the year. Next
note that there are 365.24 days/year and only 360 degrees for a ful
sine wave. Thus calcul ation of days Dn for any day of the year Day#
(nunber of the day in the year) for the equation bel ow becones:

If the date is before 21 mar then use:
Dn = (365.24+Day#-80) *(360/ 365.24) = (285.24+Day#)*(.98565)

If the date is after or equal to 21 mar then use:
Dn = (Day#-80)*(360/365.24) = (Day#-80)*(.9856)

In the above chart-Al note there is a constant call it "K' of about

10: 20 that could represent the offset of the sine wave fromzero to the
bottom of the wave. Now Assume "C' is the distance between the maxi mnum
and m ni mum (anplitude about 4hr 40 min in this case). If we take two
measurenents then two equations can be witten:

Measurenent 1: ML = K+C(1l+sin(Dl)) where Dl is cal cul ated using equation
for Dn

Measurenent 2: M2 = K+C(1l+sin(D2)) where D2 is cal cul ated using equation
for Dn

If we now subtract these two equati ons we get:

ML- M2 = K-K+C(1-1+Sin(D1l)-Sin(D2)) = C(Sin(Dl)-Sin(D2))

Thus C = (M- M)/ (Sin(D1)-Si n(D2))

"C' once calculated can be | ooked up in the follow ng potted curves to
det erm ne Lati tude.

http://honel. gte. net/ nm kel ob/ Phot oC- D1. gi f .
http://honel. gte. net/ nm kel ob/ Phot oC- D2. gi f .
http://honel. gte. net/ m kel ob/ Phot oC- D3. gi f .
See above the sane pol ots.

Note: You will need a scientific calculator or a table sine values to do
these cal cul ations. More accuracy will be obtained if the tine between
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ML and M2 results in a fair sized difference.

This calculation will allow determ nation of Latitude at any tinme of the
year once mastered. It does rely on having a working cal endar date
reference past the PS. One could use several watches with a date

cal endar. One watch would keep going while the battery is changed and
reset in the other.

Subj ect: LM 6) Light meter construction and use:

If after the PS you are curious about how fast the darkness is clearing
up. Then take your light meter out side near noontine once a week or
nonth and plot a graph of light intensity versus Tine. This way you can
predi ct when you will have enough |ight for efficient outdoors grow ng.

A useful light nmeter can be nade really cheaply for under $20 froma
harbor freight tools using a | ow cost digital nulti-nmeter (part nunber
30756) $6.50 to about $13 depending on sale price at the tine. See:
http://ww. harborfreight.com. And enter the part nunber under "find
item nunber:" then click "GO'. A silicon solar cell can be purchased
fromradi o shack for about $5 and hooked directly using any 2 wires with
2 Radi o Shack Banana Plugs (cat no. 274-721c) for $1.59.

The solar cell conmes with a nice little plastic box. Solder the |eads
on. One trick with this -- solder it without flux on the solder. Melt a
big drop of solder on the wire on a peace of paper to take off the
rosin, let cool, transfer to the back of the solar cell. Holding the
wire heat enough to get it to stick. This worked best for me. O her

wi se once the flux gets on the back of the solar cell it becones hard or
nearly inposable to get solder to stick. One can add a snmll anmount of
foam rubber to hold the solar cell to the front face. Close the box and
use five-m nute epoxy over the crack to seal it up and keep it from
openi ng.

Readi ngs are taking using the DC millianmp and mi croanpere current
scales. The unit can be calibrated before the PS if needed. Conpare
with a know light neter, the sun for high end, and light bulbs or a
candle for the |low end. For neasuring Latitude no celebration is
needed. | plotted the following as a typical calibration curve.
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A1) Radio Shack Solar Cell and Digital Amp-meter Calibration Curve
Read Milliamps from meter and using appropriate curve find light intensity.
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LuxMeter-Al.gif. Note the different curves
that resulted because of the different |ight spectrumfor each type of
light. Bright sun has nmore infrared, florescent and cl oudy skies have
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much | ess. To use this curve one would take a reading in mllianmps and
foll ow over to the curve that is appropriate and then over to the LUX
axis to see what the light intensity is. | used a LX-101 LUX neter as a

standard. This can be purchased at El ectroni x Express 1-800-972-2225 for
$65.95 and has a part No. 01LX101

Typi cal maxi mum neasurenments of 150,000 LUX are found on a bright sunny
day. Wth cloudy conditions it can get down to approximately 10, 000
LUX. For a typical clear day the sun goes down with the nost rapid

i ght change (steepest slop) between 100 LUX and 5 LUX. See
http://honel. gte. net/ m kel ob/ SUNLUX1. gi f .
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Typical Light Intensity {(Clear day) as the Sun Goes Down {(May 99)
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At the intensity of where

photocells typically switch we get about 10 LUX change/mn. Thus it
becomes possible to measure the Iength of the day fairly precisely using
t hese devi ces.

Subj ect: LM 7) Tenperature, precipitation versus |atitude:

For the data available right now | get the foll owi ng curves:
Tenperature Fahrenheit http://honel. gte. net/ m kel ob/ Phot oC-E1. gi f.
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E1) Average High and Low Temperatures per Latitude
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Tenperature Centigrade http://honmel. gte. net/ m kel ob/ Phot oC-E2. gi f.
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E2) Average High and Low Temperatures per Latitude
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Precipitation Inches http://honel. gte. net/ni kel ob/ Phot oC- E3. gi f.

E3) Annual Precipitation (Inches)
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Precipitation cm http://honel. gte.net/ m kel ob/ Phot oC-E4. gi f.
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E4) Annual Precipitation {cm)
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Data cane fromthe following site
http://ww. nsf.gov/od/| pa/ nstw t each/ nstwi8/ engl i sh/ act b/ snpfx1. htm

Sorry, for the length of this report: | couldn't find this subject
di scussed on the web so had to do the necessary basic research to
determine the results we could all use. I f anyone finds nore data on

tenperatures, precipitation versus latitude or other useful data please
post it.
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