
Tidal Heating Activity - Solutions 

Something is acting on these moons to heat them.  What could be going on? 

 

1. Take the elastic band you were given and touch it on the area above your upper lip.  Note the 

temperature (hot/cold). 

Cold 

 

2. Stretch the band once (they should stretch about 4 inches) and note the temperature.  

Cold 

 

3. Now stretch the band quickly about 30 times and note the temperature. 

Warm 

 

4. As you stretched the elastic band more, what happened to the temperature? 

The more I stretched it, the warmer it got. 

 

 

The band is heated due to frictional forces caused when you stretch the band.  Frictional heating 

also occurs when you rub your hands together vigorously.  The stretching of the band is a result 

of different forces being applied to either side of the band.  This is seen in Figures 1 and 2 where 

the arrows indicate the direction of force being applied.  To find the total size of the force being 

applied, we subtract the two forces:  

 

Figure 1 

 

You're pulling on both sides of the band, but the total force you're exerting on the band can be 

more easily visualized if you think of one side of the band being fixed by a nail and you stretch 

the opposite side.  The band would experience the same frictional force as shown in Figure 1.  

Adding the vectors together is a way to represent the "total stretching force" being applied to the 

band. 

 

Figure 2 
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The force that causes this stretching in astronomical bodies like moons is gravity.  The force of 

gravity increases as two bodies get closer to each other and decreases as two bodies get further 

apart.  In this case we consider Jupiter and Io, shown in Figure 3 (NOT TO SCALE!).  The force 

of gravity is weaker as the distance increases.  One side of Io is closer to Jupiter than the other 

side, meaning the closer side feels a stronger gravitational pull from Jupiter than the further side. 

 

 

Figure 3 

 

4. Take the arrows shown on Io in Figure 3 and draw them in the space below.   Draw the "total 

stretching force" being applied to Io by adding the vectors together (similar to the example show 

in Figure 1 except here you add vectors instead of subtracting them).  This "total stretching 

force" is known as tidal force.  

 

 

 

 

 

 

5. What makes Io so spectacularly active is that Jupiter isn't the only one tugging on it!  On the 

next page are Figures 5 and 6, two top-down views of Jupiter (center) and the four Galilean 

moons Io (red), Europa (blue), Ganymede (green), and Callisto (yellow).  Draw a tidal force 

arrow from Io pointing to each of the four bodies.  Draw long arrows for large amounts of tidal 

force and short arrows for small amounts of force (remember, gravitational forces increase when 

objects are closer to each other, so tidal forces will be larger when objects are closer to Io). 

 

How do you draw tidal forces from multiple moons?  Below is an example of two "moons", blue 

and white, raising tides on a yellow "moon".  The yellow moon feels a force from the white 

moon and blue moon. 

 

You will need to draw an arrow from the yellow moon to 

the white moon and the blue moon, but how large should 

the arrows be?  The force arrow pointing to the white moon 

should be larger because the white moon is closer and 

exerts a stronger gravitational force on the yellow moon. 
Figure 3 
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Figures 4 & 6 

Having exactly the same 

length arrows as is shown 

here isn't necessary.  What's 

important is that each line 

point from Io to the other 

moons and to Jupiter and 

that closer objects have 

longer lines. 
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6. For Io to experience tidal heating, it must experience changing tidal force.  Copy the tidal 

force lines you drew on Io in Figures 5 & 6 onto the "Io moons" below and comment on 

whether or not the forces on Io change. 

The tidal force isn't always in the same direction. 

 

 

 
 

 

 

 

7. We know that stretching an object repeatedly will cause it to heat up, but what would happen 

if you stretched your elastic band too far?  

It breaks, rips apart. 

 

 

 

 

8. Jupiter stretches Io, but what might happen if Io were much MUCH closer to Jupiter and were 

stretched much MUCH more? 

It would break, be ripped apart. 

 

 

 

 

 

9. There is a limit past which no moon can survive the tidal force of its planet.  This limit is 

called the Roche limit.  The Roche limit of Jupiter and the distance of its Galilean moons are 

listed in Table 1.  Which moon is closest to the Roche Limit and experiences the most tidal 

force? 

Io. 

 

 

Table 1 

Object  Distance 

Jupiter's Roche Limit  175,000 km 

Io  420,000 km 

Europa  670,000 km 

Ganymede  1,100,000 km 

Callisto  1,900,000 km 



Tidal Heating Activity - Solutions 

 

Figure 7 

 

10. Figure 7 shows comet Shoemaker-Levy 9, which impacted Jupiter in 1994.  It passed 

Jupiter's Roche limit.  What happened to the comet?  

It was ripped apart by the tidal force from Jupiter. 

 

 

 

11. The Roche limit of any astronomical body is roughly 2.5x the radius of the body.  For 

example, Jupiter has a radius of 71,000 km and its Roche limit is located 170,000 km from the 

center of the planet.  Saturn has a radius of 60,000 km, where is its Roche limit located?  Show 

ALL steps! 

60,000km x 2.5 = 150,000km 

or 

60,000km + 2*60,000km + 30,000km = 150,000km 

 

 

 

 

 

12. Table 2 lists the location of the various rings of Saturn.  Are they located inside or outside 

Saturn's Roche limit? 

Inside Saturn's Roche limit. 

 

 

Table 2 

Ring  Distance 

D  ~ 70,000 km 

C  ~ 83,000 km 

B  ~ 105,000 km 

A  ~ 130,000 km 

F  ~ 140,000 km 

 

13. If a moon tried to form inside Saturn's Roche Limit, what would happen to it? 

It would be ripped apart. 


