Lecture Outline

Chapter 9:
Gravity

Section 5:
The Tides




This lecture will help you understand.:

 What causes tides.

« Why the moon’s tides are greater than those of
the sun.
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nen tides are greatest and the least.
Ny more earthquakes occur on a full moon.
Ny you never see the other side of the moon.

ny days are getting longer....
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Ocean Tides
 The differences between ocean levels at

different times of the day are called tides.
¢
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* On average, =1 m above/below average sea level

* There are typically two high tides and two low tides
each day.
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Ocean Tides, Continued
same force

 Qcean tides are caused due to no stretch

the difference in the gravitational
attraction of the Moon on either
side of Earth.

* Unequal tugs on Earth's oceans

: FIGURE 9.14
causes a stretching effect that A ball:of JLLO staye spherical when

produces a pair of ocean bulges.  all parts are pulled cqually in the

same direction. When one side is
pulled more than the other, the ball
15 clnngat:d.

diff. force
—>stretch

Earth

moons moon’s pull
far side near side @

Moon
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Another way to look at tides: orbit around

s the Moon
The center of Earth travels an > \
almost circular orbit around the \ far
Moon. near \ side
side

The near side of Earth is “too
close” and falls towards the Moon.

The far side of Earth is “too far”
and tends to go off on a tangent.

The result is that Earth (and its
oceans) are stretched out.
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How often are high tides?

Earth takes 24 hours to
rotate once. Because
the two bulges are on
opposite sides, high
tides occur every 12

moon

hours. low tide

view:
high tide high @
12 h later tide

Moon

low tide 18 h later
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High tides are not exact 12 h apart:

The Moon revolves around Earth.
As it does, it drags the tidal bulges with it.
Earth needs a little more time to catch up. Moon

Top view: 12h
p : @ later

Moon
"""""""""""""""" @ 1 day

12 h
later

high tide is
>12h later

© 2015 Pearson Education, Inc.



Tides due to the Sun?
The Sun’s pull is 180x greater than the Moon’s.
Why are solar tides weaker than lunar tides?

Tides are due to differences
in pull on either side of Earth.

The Sun is so far away, that
the difference in pull on either
side of Earth is less than the
difference in pull from the
Moon.

greater

difference...
...than

Solar tides = % lunar tides
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Spring Tides

* During the new Moon or full Moon, the effects of Moon
and Sun add up, causing most pronounced spring tides.
This has nothing to do with spring time!

full new L ? /
moon _ moon Yo _
Earth e B

/

-—> High tides are higher and low tides are lower.
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Neap Tides

* When the Moon is halfway between a new and full
Moon, the tides due to Sun and Moon partly cancel
each other, causing least pronounced neap tides.

first
quarter \ 2 /
, e f_/
i Earth @
— N
third _
quarter / 8

. - High tides are lower and low tides are higher.
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Tides are complicated!

Your local tides depend on:
1. the tilt of the axis

FIGURE 9.19

The 1nn:qualit}r of the two high tides
per da}?. Because of Earth's tilt, a
person may find the tide nearest the
Moon much lower (or higher) than
the tide half a day later. Inequalities

of tides vary with the positions of the
Moon and the Sun.

2. the shape of the coast
3. the depth of water

4. where Earth and Moon are in their orbits,
because their distances from each other change
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Bay of Fundy: largest in the world
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Some tides come
In so quickly that
they can be surfed.
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What do NOT have tides?

1. Ponds

@
2. You
Why?
No part of a pond (or you) is

significantly closer to the Moon CCURE 5 20

The tidal force difference duc to a
than anOther part I-kg body 1 m over the head of an

average-height person is about

- Holding a melon above your 60 trillionths (6 X 10™) N/kg, For

an overhead Moon, it is abour

head produces a stronger tide 0.3 erillionth (3 X 107 N/kg. So
u thdln d m:lun OYEr ur hcad ro-
In yOU than the MOOn doeS . duces fbnut 200 tlmc:uas much fidal

effect in your bnd}’ as the Moon does.
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CHECK POINT

We know that both the Moon and the Sun produce our ocean tides. And
we know that the Moon plays the greater role because it is closer. Does
the Moon’s closeness mean that it pulls on Earth’s oceans with a greater

gravitational force than the Sun?
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Tides in the solid Earth

Earth’s solid surface also rises and falls like
the oceans, but not as much.

27.3/1 "
. : 1 :
prisalls e Moon 1
' Lunar grav itational line Solar gravitational line

«— SOLID EARTHTIDE

10-20cm
horizontal component

--iiiiETizz

A0 30-40 cm
non-zero horizontal tidal residual (10-100 um?) vertical component

As a result, earthquakes and volcanic eruptions
occur slightly more often at new and full moons!
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Tides in the Atmosphere

The atmosphere also has
tides. The upper part of the
atmosphere is made up of
ions (charged particles). Itis
called the ionosphere.

The Earth's Magnetic Field

Tides in the ionosphere
produce electrical currents.
These cause Earth’s
magnetic field to change.
These are magnetic tides.




Tidal heating on lo (Jupiter’s closest moon)

Because lo is so close to
Jupiter, it has huge land
tides. This rising and
falling heats up the crust
and causes volcanoes.
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lo’s elliptical orbit means
continual changes in the
strength and direction of
the tidal force from
Jupiter . . .

65‘"‘“‘“ far from

Jupiter:
small tidal
bulges

... and the changing
tides flex lo’s interior
and cause tidal heating.

)
-

close to
Jupiter:
large tidal

bulges

Jupiter

L



Tides in Venus’ atmosphere cause fast

winds.
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Thermal tide Slow vertical &
north-south circulation
(transports heat & angular
momentum to high latitudes)

siNEEEEEEEEE
*

Westward forcing
by thermal tide

| Westward flow

{super-rotation)
Akatsuki .

Weak eastward forcing
by other waves and turbulence

Angular momentum transport
by waves from instabilities
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Tidal Bulges on the Moon

Earth’s gravity has stretched out
the Moon.

Its CM and CG are different.

Gravitational torque on its CG
keeps the long axis of Moon
facing Earth.

We always see the same side of
the Moon!
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Exaggerated
. Moon
L
oM {:‘—‘; ever arm
CG 18 .
& Torque exists
T when Moon's
* long axis
is not

':Mfl aligned with
Aol ) Earth's CM
Earth

FIGURE 9.21

Earth’s pull on the Moon at its center
of gravity produces a torque about
the Moon’s center of mass, which
tends to rotate the long axis of the
Moon into alignmcﬂt with Earth's
gravitational ficld (like a compass
needle thar aligns with a magneric
field). That's wh}r unl}r one side of the
Moon faces Earth.
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Tidal Bulges on the Moon

And the Moon is doing the same

to Earth.

As a result, Earth’s rotation is
slowing...the days are getting
longer.

Eventually Earth will rotate once
In the same time it takes the
Moon to revolve once.

- The same side of Earth will
always face the Moon!
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FIGURE 9.21

Earth’s pull on the Moon at its center
of gravity produces a torque about
the Moon’s center of mass, which
tends to rotate the long axis of the
Moon into alignmcﬂt with Earth's
gravitational ficld (like a compass
needle thar aligns with a magneric
field). That's wh}r unl}r one side of the
Moon faces Earth.



This has already happened for Pluto and its
moon Charon. The same sides always face
each other: Charon

Charon is always
in the same place
in the sky!

© 2015 Pearson Education, Inc.



If a moon gets too close to its planet,
tidal force will rip it apart:

v normal
- @ satellite
The distance R
where this tidal forces act
happens is l. as it nears d
called the

Roche limit. d o Roche Limit

* satellite breaks
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Comet Shoemaker-Levy 9 was ripped apart
before it crashed into Jupiter:

Comel Shoemaker-Levy 9 Impact Photos

Photo CLF lmages - 147 Schimidi Cassegrain
Texas A&LM Clhservatory

You can see

multiple impact
sites as Jupiter
>0 -~ 5 (@l rotates around.

Juby 28, 1994 13907 July 2o, 1999 225077 July 2T, 1994 128077

3 Inipacts CIDSR
Dmygracts G/ and 1. Impacts H RN
G and 1. L and KA
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Take out a new sheet of paper. Put your
name at the top. Write the answers to the
following questions on it:

16. Do tides depend more on the strength of gravitational
pull or on the difference in strengths? Explain.
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17. Why do both the Sun and the Moon exert a greater grav-

itational force on one side of Earth than on the other?
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18. Which has the higher tides: spring tides or neap tides?
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19. Do tides occur in the molten interior of Earth for the
same reason that tides occur in the oceans?
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20. Why are all tides greatest at the time of a full Moon or

new Moon?
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21. Would a torque on the Moon occur if the Moon were
spherical, with both its center of mass and center of grav-
ity in the same location?
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Stop.

Take a photo of your answers.
Submit to Teams.

Now.

Due by end of period.



