TlePhysries OQEVZ’V\J%

Everyday Phenomenon

Explaining the Tides

The Situation. Anyone who has lived near the ocean is famil-
iar with the regular variation of the tides. Roughly twice a day
the tides go in and go out again. The actual cycle of two high
tides and two low tides is closer to 25 hours. Sometimes
high tide is higher and low tide is lower than at other times—
these times correspond to the full moon or the new moon.
The times when high tides and low tides happen shift
from day to day because of their 25-hour cycle, but the pat-
tern repeats monthly. How do we explain this behavior? .
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The Analysis. The monthly cycle and the correlations of the
highest tides with the phase of the moon suggest a lunar
influence. Both the moon and the sun exert gravitational
forces on the earth. The sun exerts the stronger force because -
of its much larger mass, but the moon is much closer, and
variations in its distance from the earth may be significant.

The gravitational force depends on 1/r%, so its strength will- -
vary as the distance r varres as. mdlcated in the drawrng on.
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High tide

Low tide

High tide and low tide produce different water levels at the dock.

: 'unrt mass is greatest on the srde of the earth cIosest to the ks

moon and weakest on the opposite side. of the earth because

of the difference in distance. :
This difference in strength of the moon’s puII produces a

bulge in the water surface on both sides of the earth. The

bulge on the side nearest the moon results from the water .

being pulled toward the moon by a stronger force per unit .

mass than the force per unit mass exerted on the rest of the
earth. This produces a high tide. The water will flow nearer to
the top of the dock.

On the opposite side of the earth, the earth is being puIIed
by the moon with a stronger force per. unit mass than the
water. Srnce the earth is pulled away (sIrghtIy) from the water

s

._roughly 1Iz7 of its orbital cle, "cau'srn'g the"ti'me-w'hen'the % :
-moon again lines up with'a grven point on the earth to be ai
- little longer than 1 day. This addrtronal time is approxrmately
/27 of 24 hours, or a little less than an hour.
This model was conceived by Newton and accounts neatIy '
for the major features of the tides. The variation of the gravi-
tational force with distance is the key to the explanation.




