
Recu
rs

io
n

In
 th

e 
in

st
ru

ct
io

ns
 a

bo
ve

, o
ne

 u
se

s 
th

e 
"m

id
d

le
 o

f t
h

e 

appro
pria

te
 d

at
e"

 w
he

n 
m

ak
in

g 
th

e 
al

ig
n

m
en

ts
 in

 s
te

p
s 

o
n

e 
an

d
 

tw
o.  T

his 
se

ts
 th

e 
se

as
on

al
 E

ar
th

/S
un

 re
la

ti
on

sh
ip

 a
s 

it
 w

o
u

ld
 b

e 
at

 

m
id

day
 G

re
en

w
ic

h 
M

ea
n 

Ti
m

e 
(G

M
T)

 o
n 

th
e 

d
at

e 
in

 q
u

es
ti

o
n

.  
B

y 

in
st

ead
 u

sin
g 

th
e 

pa
rt

 o
f t

he
 d

ay
 th

at
 re

fle
ct

s 
th

e 
ac

tu
al

 ti
m

e 
in

 th
e 

G
M

T 

tim
e zo

ne 
th

at
 th

e 
ev

en
t o

cc
ur

s 
(s

un
ris

e 
or

 s
un

se
t)

, m
or

e 
ac

cu
ra

te
 re

su
lt

s 

ca
n b

e 
obta

in
ed

.  L
et

's 
do

 a
n 

ex
am

pl
e 

to
ge

th
er

.

In
 a 

pre
vi

ous e
xa

m
pl

e, 
w

e 
co

nc
lu

de
d 

th
at

 in
 C

hi
ca

go
, I

lli
no

is
 o

n
 M

ar
ch

 1
5,

 s
u

n
se

t 

occ
urs

 at
 5

:5
7PM

 C
ST

.  R
ed

o 
th

is
 e

xa
m

pl
e 

ca
lc

ul
at

io
n 

on
 th

e 
su

n
se

tw
h

ee
l. 

 N
ow

, 

w
ith

out c
han

gin
g 

an
yt

hi
ng

, s
ee

 w
ha

t t
im

e 
of

 d
ay

 it
 is

 in
 th

e 
G

M
T 

ti
m

e 
zo

n
e.

  G
iv

en
 th

at
 

th
e in

te
rn

at
io

nal
 d

at
e 

lin
e 

pa
ss

es
 th

ro
ug

h 
th

e 
Pa

ci
fic

 O
ce

an
, y

ou
 s

h
ou

ld
 c

o
n

cl
u

d
e 

th
at

 it
 is

 

11:57PM
 o

n th
e 

ni
gh

t o
f M

ar
ch

 1
5/

16
 in

 th
e 

G
M

T 
tim

e 
zo

ne
.  S

o 
no

w
 re

d
o

 th
e 

ca
lc

u
la

ti
o

n
 

usin
g th

e 
nig

ht o
f M

ar
ch

 1
5/

16
 (t

he
 b

ou
nd

ar
y 

be
tw

ee
n 

M
ar

ch
 1

5 
an

d
 1

6)
 in

st
ea

d
 o

f t
h

e 
m

id
d

le
 

of M
ar

ch
 1

5 
in

 st
ep

s o
ne

 a
nd

 tw
o.

  Y
ou

 s
ho

ul
d 

no
w

 c
on

cl
ud

e 
th

at
 s

un
se

t o
cc

u
rs

 a
t 5

:5
8P

M
.  

( T
h

e 

use
 o

f r
ec

urs
io

n re
du

ce
s t

he
 b

ef
or

e 
m

en
tio

ne
d 

on
e-

de
gr

ee
 m

ar
g

in
 o

f e
rr

or
 to

 s
ix

 te
n

th
s 

o
f a

 d
eg

re
e.

)

Notes on Using the Sunsetwheel in
 the "Land of t

he 

Midnight Sun"

Sometimes, to achieve the desired alignment in
 step tw

o of 

the instructions above, one must fo
llow the markings in

 a 

colored area of the map window beyond the edge of th
e colored 

area.  In this situation, please note the following.  1
) The m

arkings i
n 

the blue area of the map window appear re
d when viewed outsi

de th
eir 

colored area.  2) The markings in the red area of th
e m

ap window appear 

blue when viewed outside their colored area.  3) If 
you re

ach th
e point w

here
 

all marks converge and still have not achieved alignment, tr
y using th

e m
arks 

of the other color from the other colored area.  4) If 
still 

no alig
nment is

 possi
ble, 

then the event (sunrise or sunset) does not occur on the date in
 questi

on.

Practice Exercises:  1) March 20, sunset, Barrow, Alaska -- 7
:44PM AKST (7

:47PM afte
r  

recursion (explained at right)).  2) July 1, sunrise, Reykjavík, Iceland -- 
3:07AM GMT (3

:06AM
 

after recursion (explained at right)).  3
) September 20, sunset, N

ord, Greenland -- 
~4:50PM U

TZ. 

4) December 10, sunrise, Wainwright, Alaska -- d
oes not occur.

D
at

e 
C

o
rr

ec
ti

o
n

 (C
on

ve
rt

in
g 

Ca
le

ndar D
ate

 to
 Seasonal D

ate)

Th
u

s 
fa

r, 
no

 c
on

si
de

ra
tio

n 
ha

s 

b
ee

n
 g

iv
en

 to
 th

e 
pa

rt
ic

ul
ar

 y
ea

r 

fo
r w

h
ic

h 
ca

lc
ul

at
io

ns
 a

re
 b

ei
ng

p
er

fo
rm

ed
.  B

ec
au

se
 th

e 
re

la
tio

ns
hi

p 

b
et

w
ee

n
 th

e 
d

ay
s 

of
 th

e 
ye

ar
 a

nd
 th

e

se
as

on
s 

ca
n 

va
ry

 fr
om

 o
ne

 y
ea

r t
o 

 

an
o

th
er

 b
y 

m
or

e 
th

an
 2

 d
ay

s, 
th

e 
ye

ar
  

m
u

st
 b

e 
sp

ec
ifi

ed
 a

nd
 ta

ke
n 

in
to

 a
cc

ou
nt

 fo
r

im
p

ro
ve

d
 a

cc
ur

ac
y. 

 O
n 

th
e 

ou
te

r b
an

d 
of

 th
e

su
n

se
tw

h
ee

l, 
th

e 
ca

le
nd

ar
 d

at
es

 a
re

 s
ho

w
n 

in
 

th
ei

r s
ea

so
na

l p
os

it
io

ns
 fo

r a
n 

av
er

ag
e 

ye
ar

.  T
he

 

se
as

on
al

 p
os

it
io

ns
 o

f t
he

 d
at

es
 in

 a
ny

 p
ar

tic
ul

ar
  

ye
ar

 w
ill

 v
ar

y 
sl

ig
ht

ly
 fr

om
 th

is
.  T

he
 ta

bl
e 

at
 ri

gh
t 

w
ill

 a
llo

w
 y

ou
 to

 d
et

er
m

in
e 

th
e 

co
rr

ec
tio

n 
th

at
 m

us
t

b
e 

ad
d

ed
 to

 th
e 

ca
le

nd
ar

 d
at

e 
of

 a
 p

ar
tic

ul
ar

 y
ea

r t
o 

ar
ri

ve
 a

t t
h

e 
m

ea
n 

se
as

on
al

 d
at

e 
fo

r a
n 

av
er

ag
e 

ye
ar

.

So
, fo

r e
xa

m
ple, th

e ta
ble in

dicates th
at in

 March

th
ro

ugh D
ece

m
ber o

f 1
903, th

e corre
ction is -1.13 

da
ys

.  T
hus t

he se
aso

nal c
haracteristics on the night of

M
ar

ch
 1

5/1
6, 1

903 are
 th

e sa
me as th

ose on the evening

of
 M

ar
ch

 1
4 in

 avera
ge year.  T

hus, d
urin

g 1903 (except

Ja
nuar

y a
nd Fe

bru
ary

) t
he se

aso
n can m

ost accurately be set     

on
 th

e 
su

nse
tw

heel b
y usin

g a date th
at is

 1.13 days earlier than

th
e 

ac
tu

al
 d

at
e in

 st
eps o

ne and tw
o.  R

eturning to the previous 

ex
am

ple
 fo

r s
unse

t i
n C

hicago, Ill
inois on M

arch 15 and computing

fo
r t

he 
par

tic
ular y

ear o
f 1

903, o
ne w

ould use (in
stead of th

e night of 

M
ar

ch
 1

5/
16) t

he evenin
g of M

arch 14 in
 steps one and tw

o.  You should

no
w

 co
nclu

de th
at o

n M
arch 15, 1

903, th
e sun sets in Chicago, Illin

ois at  

5:
57

PM
 (a

s r
ec

ko
ned fr

om
 90°W

 lo
ngitu

de).  (
Before th

e use of th
e Gregorian

Cal
en

dar
 (f

irs
t i

ntro
duce

d in
 1582), f

urth
er c

orre
ctio

ns are required (at rig
ht).)  

(T
he

 u
se

 o
f d

at
e co

rre
ctio

n along w
ith

 re
cursion re

duces the before mentioned 

on
e-

deg
re

e 
m

ar
gin

 o
f e

rro
r t

o only fif
teen hundredths of a degree.)

Gregorian Calendar Date to Seasonal Date Correction

Add the column and row corrections for both the century and the

year.  For January and February, use the correction for the previous year.
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D
rift of Perih

elio
n

The orbit of the Earth is n
ot p

erfectly circu
lar an

d
 b

ecause p
lanets

m
ove faster through their orb

its w
h

en
 th

ey are clo
ser to the Sun, the

Earth m
oves at different sp

eed
s in

 d
ifferen

t p
arts o

f its orb
it.  In the year    

2000, the Earth w
as closest to th

e Su
n

 (p
erih

elio
n

) o
n

 Jan
u

ary 4.  A
nd

because the seasonal p
osition

 of p
erih

elio
n

 is later b
y an

 averag
e 25 m

inutes
every year, the tim

ing of the season
al Earth

/Su
n

 relatio
n

sh
ip

 slow
ly changes

over m
any years and rep

eats every 21,000 years.

The seasonal positions of the sun
rise an

d
 su

n
set term

in
ato

rs sh
ow

n
 in

 th
e m

ap
 w

indow

of the sunsetw
heel are b

ased
 on

 th
e tim

in
g

 o
f th

e seaso
n

al Earth
/Su

n
 relationship

 as it

w
as around the year 2000.  M

ovin
g

 250 years in
to

 th
e p

ast o
r fu

tu
re w

ill result in the b
efore

m
entioned error of less than 0.15 d

eg
ree.  W

h
en

 u
sin

g
 th

e su
n

setw
h

eel b
etw

een the years 

1990 and 2010 (em
ploying b

oth recursion
 an

d
 d

ate co
rrectio

n
), th

eo
retical accuracy is b

etter than

0.01 degree and thus the lim
iting

 factor b
eco

m
es th

e accu
racy w

ith
 w

h
ich

 th
e sun

setw
heel w

as

constructed.  Errors associated
 w

ith
 th

e d
rift o

f p
erih

elio
n

 w
ill p

eak at less th
an

 4 d
eg

rees in years that

are an odd m
ultiple of 10500 years after or b

efo
re th

e year 2000 (e.g. 12500A
D

 an
d

 8500BC
). Effect of A

ltitude and M
eteorological

Conditions on the Appearance of

Sunset 

A
s the altitude of an observer increases, the

apparent position of the horizon drops due to

the curvature of the Earth.  Additionally, at higher

altitude, the apparent position of the sun drops by a

lesser am
ount due to slightly reduced atm

ospheric

refraction.  As a result, the appearance of sunset

depends on altitude.  The follow
ing diagram

 shows the

typical appearance of a sea-level sunset at four different 

altitudes.  Furtherm
ore, changes in m

eteorological conditions

can also effect atm
ospheric refraction.  Standard conditions are

760 m
illibars and 0ºC.  An increase in pressure of 10 m

illibars or a

tem
perature drop of 5ºC w

ill additionally lower the im
age of the

sun by about 0.01 degree.  Furtherm
ore, at a boundary between air

m
asses, additional highly irregular refraction can occur.

Sunsetwheel 
Instructions

The sunsetwheel is a circular slide-rule sunrise/sunset calculator.  It can determine 
the time of sunrise or sunset at any location on Earth on any day of the year in any time zone.

First let's become familiar with the four main parts of the sunsetwheel.  The sunsetwheel has an outer 
band (showing the days of the year), a middle band (showing the hours of the day), an inner band (showing 

the time zones of the world), and a map window (showing coastlines, political boundaries, lines of latitude and 
longitude, cities, and sunrise and sunset terminators (boundaries between day and night)).

Now, let's do an example calculation together.  Let's calculate the time of sunset in Chicago, Illinois on March 15.  First, while 
holding the outer band in place, turn the middle band so that the large black diamond (on the middle band) aligns with the 

middle of March 15 on the outer band.  Next, find Chicago, Illinois in the map window.  Now, find in the red area of the map 
window (used for sunset), the markings for March 15. (The long marks designate the 10th, 20th, and 30th of each month; the 

medium length marks designate the 5th, 15th, and 25th.)  Now, while holding the outer and middle bands in place, turn the inner 
band so that Chicago, Illinois aligns with the middle of March 15 in the markings in the red area.  Finally, while holding all of the bands 
in place, look on the inner band (on the same side of the sunsetwheel) to find the time-zone indicator labeled "CST" (Central Standard 
Time, the time used in Chicago, Illinois in March) and at its tip, read off the time of sunset.  You should conclude that on March 15, the 
sun sets in Chicago, Illinois at 5:57PM CST.

As the above example has illustrated, the procedure for                                    calculating sunrise or sunset times is as follows.  STEP ONE:  
While holding the outer band in place, turn the middle band so                 that the large black diamond (on the middle band) aligns with 
the middle of the appropriate date on the outer band.  (The marks on the outer band divide one day from the next and every fifth day 
in each month is represented by a rectangle.)  STEP TWO:  While holding the outer and middle bands in place, turn the inner band so 
that the appropriate location on the map of the world aligns with the middle of the appropriate date in the markings in the colored 
area of the map window.  (Use the blue area for sunrise and the red area for sunset.)  STEP THREE:  Read the calculated time on the 
middle band at the tip of the indicator on the inner band that has the appropriate time zone designation.

Practice Exercises:  1) March 15, sunset, Chicago, Illinois -- 5:57PM CST.  2) December 25, sunrise, Tokyo, Japan -- 6:49AM JST.  3) 
August 11, sunset, Calcutta, India -- 6:12PM IST.  4) February 2, sunrise, Los Angles, California -- 6:50AM PST.  5) September 11, 

sunrise, New York, New York -- 6:33AM EDT.

The accuracy of the results obtained using the instructions above is such that the apparent upper limb of the 
sun will be within one degree of the horizon at the computed time (as viewed from sea level under 

standard meteorological conditions (explained below-left)).  (Accuracy claim not valid before 1750 or 
after 2250 due to drift of perihelion (explained at left)).  To improve accuracy, one can employ 

the methods of "recursion" and "date correction" (explained at right).

Sunsetwheel (revised 2002-12-05) copyright © 2001-2002 Sean Barton, 
map data copyright © 1992-1996 Environmental Systems 

Research Institute, Inc.; all rights reserved.

http://www.sunsetwheel.com/

Using Julian Calendar 
Dates with the Sunsetw

heel
Before the Gregorian Calendar, 

the Julian Calendar w
as in

common use.  Dates and date
correction on the sunsetw

heel are
calibrated for the Gregorian Calendar.

If Julian Calendar dates are used, they
must first be converted to Gregorian

Calendar dates.  To m
ake the conversion,

use the following form
ula.

date + year/100 - year/400 - 2

(Discard all rem
ainders and include January and

February with the previous year.)

Example:  1900-01-09 -- 1900-01-17

sea level

200 feet

800 feet

3200 feet


