Force of a Superhero: Superman Returns

Adapted from The Physics Factbook™, Edited by Glenn Elert.

http://hypertextbook.com/facts/2007/superman.shtml
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Find the force Superman exerts when he pushes up against the nose of the plane.

Start by finding the plane’s acceleration:

a = (v / t  = (v – vo ) / t

   a = acceleration of the plane,

   v = final speed of the plane,

   vo = initial speed of the plane, and

   t = time in which the object is being accelerated

Now use Newton’s 2nd law of motion: 
( F = ma

( Forces on plane = (massplane) x (accelerationplane)

Σ F =   difference between Weight (down, negative),

     and the force Superman applies to the plane (up, positive)
ΣF = 
FSuperman - W = ma

Let’s get data: 

Given: The movie states that it is a Boeing 777.  

Look up data on this plane in an encyclopedia.  

V (Boeing 777) = 575 mph = 257 m/s

The plane loses both of its wings and is free-falling, we can assume that its speed is a bit higher, perhaps:

V (Boeing 777) = 600 mph = 268 m/s =  vo = initial speed 

The plane comes to a stop, therefore

v = final speed of the plane = 0 m/s
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Measure time from the moment Superman pushes up against the nose of the plane, until the time he stops it.

Using a stopwatch, find t =29.7 s.

Now we can find the acceleration of the plane 

a = (v – vo ) / t =  (0 m/s - 268 m/s) / 29.7 s =  9.02 m/s2
Look up Boeing 777 data on aviation databases.  
With no fuel or passengers 

Mass = 135,580 kg. 

Fully fueled and with passengers: Mass = 247,210 kg. 

Plane is no longer fully fueled, but has passengers.

We can guesstimate:


Mass = 200,000  kg
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Now let’s calculate the force

   Σ F = Fsuperman - W = ma

 

   Solve for force of Superman:


   Fsuperman = W + ma

     Recall: 
W=mg

 g = 9.81 m/s2
Fsuperman =  W +  ma

Fsuperman =  mg + ma  = m (g + a)

Substitute known values into the equation

Fsuperman = (200,000 kg)(( 9.81 m/s2 + 9.02 m/s2 ) = 3,766,000 N

This is equivalent to lifting a mass of 376,600 kg.  

The current record for the clean and jerk weightlifting in the men's +105 kg class is held by Hossein Reza Zadeh of Iran.

He lifted 263 kg (580.9 lb) at the 2004 Athens Summer Olympics.
Superman’s strength 
= 376,600 kg / 263 kg 

= 1430 times greater! (at least) 
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