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1. The earth is a finite natural system..

. : A. THE PROPERTIES AND INTERACTIONS OF WATER, AIR, AND THE °~ .
PHYSICAL EARTH SET THE LIMITS 'OF THE NATURAL SYSTEM. ‘

**MARINE CONCEPT: 2.23

2. The oceans interact with the earth and' its atmosphere.
2.2 The ocean waters are influenced by! the earth's rotation, ////
¢ révolution, and pesition in the solar system.

2.23 TIDES RESULT FROM GRAVITATIONAL FORCES OF THE EARTH,
THE MOON, AND'THE SUN.

¢
SUBJECT: Earth Science ) 2
GRADE LEVEL: /6-12
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“INPRODUCTION.

Since early times, man has, Been conscious of the sea's periodic rise and
fall, Those who lived near the shore or who depended upon the sea's bounties
for existence soon learned 'the pattern of the water's movement., Man learned
that the behavior of fish and other creatures of the sea was determined to a
large extent by the condition of the tide. He also learned that the sea's rise
and fall could be used .to his advantage sGch as in freeing objects from a muddy
bottom-and for beaching.boats. As man progressed in ®echnolegy and his activities
became more complex, his need to plan ahead became mora important, For people
working along the coast as commercial fishermen, pilots of boats, etc., the |
ability to predictées became a necessity. Today tides can be predicted years |
in advatice. Predictlons are fairly accurate, but limited insofar as the wind ]
current; air pressure, and run-off from rivers can appreciably affect the tides. U
Knowledge of tidal movement is important to all phases of marine science.
Greater ranges between high tide and low tide mean to the marine biologist that
the sea animals of such areas must adapt to long periods of submergence and
exposure. Predictions of tidal times, and height are essential not only to
the pilot of a marine research vessel, but to a marine ecologist and a teacher
planning a field trip to the beach or marsh as well.

OBJECTIVES
At the conclusion of this unit the student should be able to explain
in writing, using appropriate diagrams:

a. Why the earth experiences a high tide on both the side facing the
moon and the side.facing away from the moon.

b. What effect perigee and apogee have on the tides.
Ce The different types of tides, such as spring and neap tides, diurnal,
semidiurnal, and mixed tides.

d. What effect the sun has on ocean tides, particularly at perihelion
and aphelion,

Given a tide table and a table of tidal differences, the student shouL&
be able to:

a. Determine the time of high tide or low tide and the total tidal range'
at -a particular place included in the table.
N
b. 1Graph the tidal range for a particular place over a given period
of time,
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Pre-Test, p. 17
Teacher Background information with accompanying overheads, pp. 3-8
Activity 1, p. 9 ’

Second Day

Typical Tide Curves, pp. 10111
Tide Tables, pp. 12-14

Third Day

Activities 2 and 3, pp. 15-16
Post-test, p. 19

»

TEACHER BACKGROUND

On all the seacoasts of the earth, the oceati waters rise and fall daily
in a rhythmic movement known as the tides,” The tides are obviously related to
the moon., Like the moon rise, they occur fifty minutes later each day on the
average. ' The tidal range (i.e. the difference between high tide and low tide
levels) is larger at the times of new and full moon and smaller at times of
quarter moon, Sir Isaac Newton was the first to explain how the moon and tides
are related, Using his law of gravitation, Newton explained the production
of tiNgs by the moon as an effect of the difference in the gravitational
attraction for the solid earth and the ocean waters, The oceans on the side
of the earth facing the moon are nearest the moon and are therefore attracted '
most strongly. The waters.on the far side are attracted least. The solid
earth is attracted at its center of gravity. The moon's attraction for the
waters on the near side is stronger than its attraction for solid earth; this
causes thege waters to rise or bulge. This is the direct high tide. On the
far side of the earth the moon's attraction for the waters ls less than that
for 'solid earth. Here the waters bulge away from the surface in an indirect
or oppodite high tide. ' Halfway between the high-tide points, two areas of
low tides are formed by the withdrawal of water to high tide locations.

As the earth.rotates on its axis, it brings.all parts of the suyface
under the moon in 24 hours and 50 minutes. In 1/4 of this time (roughly 6
hours and 13 ,minutes) each moves from high tide or low tide. ‘After 12 hours
" and ‘26 minutes the tide changes’ again. As the earth rotates, the tides continue
to rise and"fall rhythmically in .a cycle that is repeated about fifty minutes
‘~later each day A . \

-,
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Some coastal areas may have a diurnal tidal cytle--with only ‘dne high tide
and one low tide a day, e.g., the Gulf of Mexico. Two daily high and low

tides are typical of both.sides of the Atlantic Ocean. This is,cnlled a
.semidiurnal tidal cycle. ‘

The sun has the same gravitational effect on the earth's vaters that the
moon hasg, but because of its greater distance from the earph, his .effect is only
about half as great as the moon's, While the moon is the chief maker of. tides,
the sun can help or hinder the moon's effect, Tides are élways high on the
part of the earth in line with the moon and low on partsz;hat are at right
angles to the moon But when ‘the sun is in line with the moon, its effect is
added to the moon's. When the sun-earth line is at right angles to the / .
moon-earth line, the sun's effect is opppsed to the moon's,

At new moon and full moon phases both sun and moon are causing high tides
and low tides at the same places on the earth. ?his results in higher high
tides and lower low tides. The tidal range is gréatest at these times. These ,

,‘tides are called spring tfdes. They occur twic every month dnd are not
related to the season of spring.
/.

At first quarter and third quarter phases df the moon the sun is in a
position to raise the moon's low tide levels anﬁ to lower the moon's high
tide levels, This resul¢s in-lower high tides /and higher low tides. These
tides are called n neap tides. (Neap means scanty.) —

/ .

Another variation in the height of the tide is the result of the moon's
‘elliptical orbit around the earth., Ae perigee, the nearest point.in its orbit,
the moon is fifteen thousand miles closer than it is at-apogee, the moon's
farthest point in its orbit. "At perigee, smaller distance causes tides which
are twenty percent higher and lower than average. Perigee and apogee both
occur once a lunar month (i.e., once during lunar orbit)¢ rarely does this
coincide with the in-phase alignmént of sun, earth and moon. But at least
twice a year both effects coincide;full moon or new moon occurs at perigee,

The perigee tides add to the spring tides to produce perigee spring tides,
the highest tides of the year.

As we have said, the sun also affects the tides. Once a year (January 3)
the earth's elliptical path around the sun is such that it is at its nearest
poinrt to the sun, perihelion. Gfavitational attraction is greatest at this
time; this causes higher high tides and lower low tides., Likewise; once a
year (July 4) the earth'is farthest from the sun; this is called aphelion.

At this' time, the attraction is smaller and this causes lower high tides

and higher low tides. Perihelion perigee-spring tides are the tides with %
the greatest range. They occur when the moon is nearest the earth and at

full or new moon and at:the time when the earth is nearest the sun. Conversely,
aphelion apogee neap tides are tides with the smallest range.

" . .
~
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The difference between the level of high tide and the level of low
tide—tidal range--may vary for reasons other than the phase of the moon.
Small lakes show no tides at all. Eveh a great lake such a8 Lake Michigan
is raised only a couple of inches by the tides. In the open ocean the tidal
range averages two to three feet but on the shores of the same ocean the

_tidal range may be as large as 60 feet, as in the Bay of Fundy on the coast
of Nova Scotia, or as little as two feet, as in the Gulf of Mexico.

Oceanographers have shown that the size and’ shape of each ocean basin,
gulf, or bay play a large part in determining how much its waters will rise
and fall under the differential pull of moon and sun. They also know that -
" high tidal ranges develop when water is tunneled from the open oceans into
V-shaped - bays such as the Bay of Fundy. Bays that become wider from mouth
to. sforeline spread out the incoming water and have small tidal ranges,
e.4., as in the Gulf of Mexico.

Direct and indirect tides also differ in height unless the moon is
in line with the earth's.Equator. _

-
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ACTIVITY I

" p. 9 5
< ) ) ' : :
Materials needed: 2 spheres of unequal mass, with holes bored through their:
' centers. \
i 1 wooden dowel capable of sl1d1ng through the holes in the .
\ spheres and with a small hole at its mid-length.
‘ 1 heavy piece of wood for a fulcrum.

1 finish nail small enough to fit through the hgle in the dowel.
1, empty spool of thread.
~Set up as indicated in the figure:

¢

. Wood Fulcrum

Spin X and Y rapidly around the nail.

1. What happens as the dowel revolves? -

2, What larger objects miget X and Y represent?

ANSWERS TO ACTIVITY I

X, The spheres fly off the ends of the rod.

~ .

2. X and Y represent the earth and moon.

12 | o
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. TYPICAE TIDE CURVES ‘ / < i
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- The wariations in the-tide from day to day and from place to place are
. illustratedin Figure 5, p.l1l by the’ tide. curves for seven ports along the Atlantic
* .and Gulf coasts of the United Statesd.. The tidal range for stations along the
Atlantic coast varies from place to place but the type of tide is uniformly
. semidiurnal - with variations ‘dye to the change in the moon's distance and phase.
. * Along the Gulf of Mexico the-tidal range is small but the type of tide differs
‘. greatly., At Pensacola, Florida, the type of tide is diurnal whkile at other
ports such as Galveston the ihequality of tidal height is such that the tide )
18 gemidiurnal at the time the moon is onm. the Equator but it becomes diurma
.around the times of maximum north and south declinatiqn-of the moon, In the

Gulf of Mexico the principal variations in the tide are due to the changing
declination of the moon. | . ’

\ b

. In general, this shift from semi-diurnal to diurnal tides can be explained
- . by referring to Figure ~ 4 °, Latitud® and longitude lines are marked on the
* ' tgp hemispheres. The dark lgot near 300, latitude represents the moon's
northernmqst declination, 28" north, The rings around this spot, and the
g corresponding spot in the southern hemigphere in the left diagram, indicate
.., - tide levels caused by the moon's influence: The innermost dash ring represents a
» - tide level 1)j feet above’average., The next two rings represent tide levels
# " %f 1 foot and % foot above.gverage respectively. The ring with dots represents
. " average water leve¥ apd the next outer ring represents a tide level ¥ foot below
. average. The large outer ring indicates a water ‘level 1 foot below average. .

.
.

+ Por simplicity's sake,.let GCalveston be an is}and on the 28th parallel.’ '
~ As the parth rotates, Galveston will go through a succession of high to low
+ tides in one revolution. This can be seen by moving your finger along the
- thirtieth parallel. If, however, the moon was at right angles to the i
) equator instead of the 28th parallel, the succession from high to low tides
would occur twice each day. One cycle would be attributable to fhe direct

___effect of the moon pnd the other to’ the indfrect effect. I
_ . . . ] p I
s . i
" . . ) .
- & .‘.
- ” \
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TMDE TABLES = _ '

Table 1 is a tide table for Breakwater Harbor, Dele')are. The date and
day are given fn the first column and the time in the second column. The
time 1is based on the 24-hour clock used by maminers. 0218 would be 2:18 a.m.
while 1442 would be 22 p.m, 0000 is 12 midnight and 1200 is 12 noon.

The state of the tide is 'gi’ven in column three. Heights are reckoned
from the data of soundings on charts of the locality which are based on the
mean low water, A number preceded by a negative (<) sign means the level
of the water is below mean low water. No sign before the number indicates
the given height is above mean low water. L

' Exampléd . T

On October 13, 1970 low tide was to occur at 0024 (12:24 a.m. EST or"
1:24 a,m DST) and the level of ‘the water was -0.3 below sea level. High tide
‘occufred at 0648 (6:48 a.m.) and the level was 5.0 above sea level, The total

tidal range for this area during the intervnl mentioned js obtained by’ algebnically

subtracting the low level from the high level. 5.0 = (<0.3) = 5.3 feet

To compute the tide at a pIace which 1s not covered by the tide tables,
a table of tidal differences is used. Table 2, p, 14, is 'such a table.
Example . . ' - .

’

nigh;nid low tides at Cape Henlopen, Delaware would occur 5 -inut'en before

their occurence at Breakwater Harbor, Delaware. Low tide at Mispillion River
entrance would occur one hour after low tide occurs at Breakwater Harbor.

The high water level would be 0.5 feet higher at the Mispillion River entrance
than at Breakwat@r Harbor. .

.
..

€ J

—
.
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) Table 2

ERENCES AND OTMER CONSTANTS
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1727 |Corson Inlet (bridjes)ee-neemsmen o 39,40 08 ’oo 04 0.7 0.0} 3.9{ 4.7
1729 {Ben Mmads Thorotaremssmeervencmneee 7 40 {"0 48 | 40 32| -0.a| 0.0f 3.71 4.3
1731 {Sea (sfe Clty (Ludiam Thora. brldge) 7442 |40 45 |40 49 0.8 0.01.5.814.8
1733 [Sea Iste City (beach)es-ne 09 (74 41|-010!-019) -0.5! 0,00 4.1 5.04
1738 T 4 nlet 74 43 {40 06 [+0 04 -0.8 | 0.0] 3.8} 4.6
1737 |Long Reach : 06 |74 43 | +0 53 |40 53| 0.8 | 0.0| 3.8/ 4.6
1739 {Grest Sound (ent, to Cresse Thoro.)- o [7a 4r {4108 |91 08} 0.5] 0.0f 41| 3.0
1741 [Stone Merpor (Croat Chan. bridge)==- | 74 46 |40 42 |40 26 -0.5 o.% 4.1 5.0
1743 [Heretord Mnfet (North Wiidwood)«===- 74 48 |20 02 {50 02 0.8 | 0.0] 4.1] 5.0
1743 |Wildwood (beach)--eemmmamemenmcescmn 7 48 1015 |~0 19| -0.5| 0.0 4.1| 5.0
1747 |Grassy Sound Channe! (hwy, brldge)-- 74 49 |40 40 (40 28| 0.5 | 0.09 4.1 8.0
1749 |W, Wildwood (Grasgyy Sound bridoe)=== 74 50 |40 45 |0 29| -0.3{ 0.0 A.i 8.2
1781 | SM¥in Cnannel—eentecnomebomcmmnnnann |38 69 | 74 52 (40 84 |40 27| -0.2| 0.0; 4.4| 5.3
1733 [Cape May HOrbOr =eses-emcmseemedannan 74 53| <0 02 | -0 16| ~0.2| 0.0| 4.41 5.3
1738 [Capé’ May, Municipal Plor-memmmemmnen, 74 35 [+0 02 |0 17} ~0.3] 0.0/ 453 8.2
WEW JERSEY and DELAWARE
Delaware Bay, Eastern Shore 'ur BREAKWATER WBR., 9.7% } .
b
1757 [Five Farnon e 73|04l 0.0] 0.0 4.14, 4.9
1759 |MeCrie Shoat 751|022 -020.2] 00! 43]5s.2
1761 [Cape May Polnteceecioemsncnnmemanene 76 56 {<0 20 |0 04} +0.6] 0.0] 4.7 5.8
1763 |Bay Shore Channel~eeeesssesamacans 7458 <009 |-003]40,8( 0.0!4.9]5.8
1765 [Mismi Bosch 02 174 96 '40 17 140 26 | 41.0 | 0.0 8.1, 6.1
1767 |Dimnis Crook omtrancees-aceceaznem= (3910 74 54 190 48 |41 08| 41.8 | 0.0] 3.8 6.6
1769 .€ast Point, Mourica River Covomeeeee 15 02 '90 53 141 32 #1,6| 0.0 8,7'6.T7,
Rourice River . R ]
1m POrt Norrgemsbecmmesanceaeanene 417500 9114 le138]01.6] 0.0 5.7 6.7
1773 Maur [catows 7500 4148 |42 21 41.7 LoD 5.8 C.8!
17 Willville - 75 02,42 37 {43 33| ¢1.9] 0.0} 6.0} 7.0
1771 |€99 151008 Poltermeremmsmnneemnmnnn 75 08 140 33 191 021 s8] o.0f 8,2 6.7
. on REEOY POINT, p.78 | |
1779 {Fortescue 7510 -205 -219:+0.4-0.0. 5.9'7
1781 {Brw Devis Polnr 391717517 -1 40 }-x 49{+0.5| 0.0 6.0,8
Cohassey Rlver ) H . - g
1783 Entrance . 39 81 |75 22 -1,30 [-1 29]+0.5] 0.0 6.0' 6
1788 Laning Wharf-veemmnmvommcemeame ‘30 23 175 20 . -1 10 | -1 24| +O¥ g.o 6.0 6
17187 Fairton 3923 (7914 4005 {-0 24]|+0.7| D.O 6.2/ 7
1709 8r iagetor 139 23 7514 .40 27 |0 13| 41,0 0,0/ 6.8 7
1791 {Bay Side “< 75 24;-123|-122] +0.8 o.oi 6.1 6
% | oalaware Bay, Contral Lighthouses i jon BREATHATER WBR., 0.7% | ;
1793 |Brandveine Shodl Lightecssemeecceame (38 59 (75 07 140 09 |40 28| +0.8 | 0.0} 4.9
1798 {Fourteen Foot Bank Light —ee {3903 75 11 4018 [+0 48} 41.1| 0.0/ 5.2!
1797 |Mioh Moull Shoa! Lighte—esmmmsems-= |39 08 75 13 |40 28 [+1 08] s1.4| 0.0 8.5!
1799 ,€idow of Cross Ledge Light-==mmven== 39 1175 1¢ . 40 40 | o1 211 41,87 0.0l s.61
. on REEDY POINT, ».78 )
1801 [Ship Johw Shosl Light e 91T B 130 06 oo.zl 0.01°8.7¢
Delaware Bay, Western Shore ’lunnnﬂnm.mn
uasa,‘ﬁ,_ 38 48 178 03 -ooa‘-oos' o.o] 0.01 4.1
1008 |GRE HARBOR 38 4778 2}‘ Dally prédictions | 4.1
1807 | Ro 1t 1dtet “ee 138 40 75 181 40 001 40 13| 0.3 0.01 4.4
1009 [Mispliilon River entrance——se-esee== 138 §7 75 19 '40 33 [41 00| +0.5|, 0.0 4.6
w11 wcari:l_llnr ONITANCEmsmnamemnee (39 041 TS 24 40 56 | o1 321 40,71 0.p. 4.8
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p. 15
* . ACTIVITY 2

Make a labeled diagram showing‘high and low tides in relation to the phases

of the moon.. (You will need to inditate the positions of the moon and of
the sun 4n your diagram.)
ANSWER TO ACTIVITY 2
. . Low .
3 . ¥
“Sun - .
H
' High —y 4— High
‘ . New Moon and Full Moon °*
4 » .
. ;Iw - =
- ¢ . ,
' . High | - -
‘ - » ' i i { ‘ ’
. / * .
" Sun ' g . - S Y os 7 L *
' Low w=p eLlow | o a
7 > . e
Ll B
. e \ .
% . . . -
. * ] [~ e .
/
: T -
- g . High ‘ . o, . )
P . * -

L O, - . | ‘
1 . *. -
. , . ‘ ~ |
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- The informatiom given indicates spring tiges on October 15 and 16 Wy

T.A.
. ,(Mar, 2,23)
ACTIVITY 3 p. 16

Observe the relation of the tidal range ta the moon's phases from actual
observations or the Tide Tables. -

Givems Tide Tables for Breakwater Harbor, Delaware, 1970

Oct., 15 Time  HT. Oct. 22 © Time  HT.

~ \ WM. Fr. | ©HM. P

’ ﬁ 0154 -0.6 0218 3.1

. . ) 0824. 5.5 R 0748 1.0

1436 . -0.5 1462 4.1

2048 4.6 2112 0.9
Oct. 16 0236 .-0.5 Oct. 23 . 0324 3.2

: _ 0906 5.6 " 0848 ° 1.0
1524 -0.4 1562 4.0

4.4 ‘ 0.8

2136 2206

From the infotrmation given above which lays seem to indicate spring tides?
neap tides? -Indicate on which days new or full moon might occur and’ on
which days first or third quarter moon might occur.

ANSWERS TO ACTIVITY 3

o
and neap tides on October 22 and 23, New or full moon might occur

on October .15 and 16 and first or third quarter moon might occur op '
October 22 and 23. . .
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What are the -phases of the.moon? List them. y)

e PRE-TEST L L

Name two extra-terrestrial bedies that affect tides on -eax;‘u.h

-
s

What is another name for "ebb" tide? SO

At what times of the month ate ‘$he %em tides highest? lowest?

Is it true that tides occurting during spring ‘are called “s‘g
tides"? . ‘- T ‘
. R A

The sun is_ a much larger m‘ass than the moon. Which has a greater
effect on the tides of earth and why? J

Breakwater Harbor, Delaware, is loca‘tied at 389-47' latitude 759 06' i,
longitude. Cape Henlopen is 38° 48' latitude and 75° 06' longitude, .
Where would high tide“oceur first - at Breakwatct Hntbor or at
Cape Henlopm? ~., . "

How many high tides and low tides occur at Rehoboth Beqch each day? =~ ;
On the average, how long does it take between a high tide and the,
next low tide? Is this figure the same for all East Coast beaches?

'

-
.‘V
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PRE-TEST (Anawerls) i
The phases are new, full, lst and 3rd quarter. ’ .
The moon and the sun affect’earth tides.
Low tide is sometimes referred to as "ebb" tide.

Tides are highest and lowest when the moon is full or new and at

perigee, 1.e., when the moon is nearest to earth. Tidal range is
smallest at lst and 3rd quarter and at-apogee, 1. e., when the moon

is farthest from earth. . S

Spring tides occur ‘at full and riew moon during every season.

The moon has a greater effect because it is clour to the earth.
Cape Henlopen would experience high ::lde apptoxhutely five minutes .
before Buakwater Harbor did. . :

Two high and two low occur each day. ‘rhcrefore there are approxi-
utoly 6 hours and Lm uro between t:ldu. Yea.
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POST-TEST ) v

oy a

]

.
0

‘High tides occur on opposite sides of the earth at the same time. .
With respect to the moon, what causes these tides on both the near

and far side’ of the earth?

Why is it that the moon has a much greater influence in producing

tides on earth than does the sun, consideti_nq_ that the sun's size

is so many times greater than that of the mbon?

What are spring tides? How and when do they occur?
the earth did not rotate would we'still have tides? I1f the

arth always kept the same '"face' toward the moon. (in the same way

the moon does toward the earth), would there be any tides? - .

Do the gravitational forces of ‘_both the sun and moon affect tides
-on earth? Explain why at certain times high tides are considerably
higher and low tides lower than at other times.

Using Tables 1 and 2, pp. 13-14, find the time and height of high water
. and the time and hieighg of low water at Hoosevelt Inlet, Delaware
during the.p.m. of December 25, 1970.

Using Tables 1 and 2, pp. 13-14, graph the tidal range for
Cape Henlogyen between November 27 and December 6.
v . |

... < .»
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N i p. 20
POST-TEST (Answers)
The tide on the near side occurs because of its closeness to the
moon. On the far side the tide occurs becausé@-water there 4s

-farther from the moon than the center of mass, i.e., the earth is

pulled "away" from the water. )

The moon is much closer to the earth. The sun does cause tides on

earth, but they are much smaller than those caused by the moon.

Spring tides are igher ‘high tides and lower low tides which occur I
during new and f4ll moons..

Non-rotation would have no effect on tides. If the earth always

kept the same facg toward the moon, each location would always

experience high tide, low tide or something in-between. This applies
to the lunar tilles.' The solar tides would still sweep around the .

- earth. Though they are much smaller in effect than lunar tides they

would be readily observed.
4 ; .

The gravitational forces of both the sun and moon affect tides on
earth:. When the moon is between the earth and the sun, tidal range
is greéatest. When the moon is at right angles to the earth-sun line,
th; tidal range is smallest.

< ;
Btelkvattr. Delaware, December 25, 1970

% A

: . *»
n‘u‘ . rt’
1206 . 0.1
1800 . 3.0
2354 . " 0.0 ¥
Roosevelt Inlet P
t 1206 + 0013 = 1219 Low tide 12:19 p.m.
40.1 4 0.0 "= 0.1 - Hedight 0,1' feet above mean low water
1800 + 0009 = 1809 High tide 6:09 p.o.
3.0+ 0.3 = 3.3 ‘yeight 3.3 feet aboye mean low water
2354 # 0013 = 2407 Lov tide 12:07 a.n. December 26
0.1+ 0.0 = -0.1' Height 0.1 feet below mean low water -
= v :a:; 1
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FILMS

1. The Moon and How It Affects Us =--- Coronet, 11 min., B & W

- \ .
2. Ocean [Tides =--- Encycloﬁedia Bricannica - color 14 min.

»

3. ZTides and Currents --- ESSA Washington Science Center; Rockville,
. Md. - Color 15 min.

1. Physical Oceanography --- National Acad. of Science, washingﬁn,

RECORD

1. Physical Oceanography --- 'National Acad. of Science, Washington, DC
= » 12 in. 33 1/3 RPM

TIDE TABLES | ¢ . . T

1. Tide Tables --- U,S. Dept. of Commerce Environmental Science Service

Administration Coast and Gevdetic Survey),
U.S. Government Printing Office, Washington, DC

»
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3 b .
s , v : GLOSSARY

-Apogee '~ time at which the moon is farthest from the earth; occurs once
each lunar month
g _ . .
' \\ Aphelion - time' at which the sun is fdrthest from the _earth (July 4)
Perigee - time at which the moon is nearest the earth occurs onge each
lunar month
?

Perihelion '~ ¢ime at which the sun is nearest the earth (January 3)

g ¢

Tidal Ranfle - difference between the level of high tide.and the level of
low tide ) R .

Tides ~ the daily rising and falling of the ogegé‘yaters in a rhythmic

movement.
/
N 5 3
Diurnal tides -vone high and one low tide per day. The tides
along the Vietnam céast are diurnal.

‘ Semi-diurnal tides - two high and two low tides.each day with

v & little or no difference between consecutive

. high and low tides. The tides along the east
coast of the United States are semi-diurnal.

Mixed tides -roth diurnal and semi-diurnal; i.e., there are
two high and two low tides each.day but with
. - considerable difference between heights of
2 - successive high and low tides. 'The tides along
) _ * the Pacific coast of the United States are mixed
. . . tides.

. _ deap tides - tides occurring when the moon, sun and.earth form
- . , ) ) a right angle (lst and Jrd quarters); the .
’ pulls oppose each other and the tidal range
is smallest.

. ' Spring tides - tides occurring when the moon and the sun are
: in a straight line with the earth (new and full
e ; moon); the pulls reinforce each othér and the
’ tidal range &f greatest. v M

»

i
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. ~ #214 THE MOON, THE SUN, AND TIDES
‘ SUGGESTED BOOK LIST °
How Did We Pind “Out about h)erg‘l Isaac Asimov. ,Frank R, Walker Co. 1975.
The Mystery of the Red Tide. Frank Bonham. E, P. Dutton & Co, 1966.
" Oceans of the World. B. Arnov. ~ 7
The Sea. Leonard Engle. (Life Nature Library) Time-Life Books. 1969.
" The Sea around Us. Rachel Carson. FPranklin Watts, Inc. 1961. '
The Tide. S. Cartwright. .
! Under the Sea Wind. Rachel Carson. New American Library. 1941.
Waves, Tides and Currents. Elizabeth Clemons. Alfred A. Knopf Inc, 1967.
Vhat Does the Tide Do? Jean Kinney. Young Scott Books. 1966, S ’
. + When the Tide Coes Far Out. Lorus and Margery Milge. gAthm Publishers, 1970.
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