
1.)  Escape velocity 

Superman has a mass of m and takes off from the 

Earth with a force that gives him an initial velocity of 

v0 at x=0 (sea level).  The gravitational force acting 

on him is inversely proportional to the square of the 

distance from the center for the earth and is given by  

𝑤(𝑥) =  −
𝑘

(𝑥 + 𝑅)2
 

where k is a constant, R is the radius of the earth, 

and the minus sign signifies that w(x) is directed in 

the negative x  direction.  In order to settle an 

argument, we need to determine the maximum 

altitude that Superman will reach (i.e. when v(x) = 0) 

and calculate what velocity Superman must have to escape the Earth’s gravitational 

force.  That is, we must find the solution to the following equation: 

𝑚
𝑑𝑣

𝑑𝑡
= −

𝑘

(𝑥 + 𝑅)2
 

A.) We can simplify this equation to a differential with respect to distance, x using the 

following two pieces of information: 

i.) We know that the at the earth’s surface, the gravitational force is given by the 

equation: –mg = w(0), where g is the acceleration due to gravity at sea level.  

Hence, we can redefine k in terms of m, g, and R.   

ii.) We can separate the variables of the velocity in the following way:  
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Rewrite the differential equation above making these changes. 

B.)  Solve this equation using the separation of variables and integrating to get an 

expression for v(x).  You can use the initial condition that since at x = 0, v(0) = v0.  

(Hint: you should get a velocity expression that is a function of altitude and not a 

function of time).   

C.) Determine the maximum altitude xmax that superman will reach.   

D.) Write an expression for v0 in terms of xmax.   

E.) We can determine the necessary escape velocity by letting xmax -> ∞. 

F.) Put some numbers to your solution:  Assume Superman has a mass of 105 kg 

and the radius of the Earth is 6,370 km.  If Superman takes off at a speed of 343 

m/s (the speed of sound in air), what is his maximum altitude?  What is the 

necessary escape velocity?   

 

 



2.)  Materials Design.   

Batman has decided to stake out Mr. Freeze’s lair, which is kept at a balmy -30°F or 

238.7 K.  Ignoring contributions from convective and radiative heat transfer and 

assuming only conductive contributions, determine the necessary thermal conductivity 

of the material that will be supplied by Wayne Enterprises to build him a suit.  The suit 

must retain dexterity (thickness of 5 mm) but also have minimal impact on the heat flux 

from Batman’s body.  For reference, Batman burns 2500 Calories/day (i.e. his heat flow 

is 120 W) and you can assume he is 2 meters tall and 0.5 meters wide.  Clearly state 

any other assumptions you are making.   

 

3.) Not another reboot.   

Peter Parker has been attacked by a radioactive spider, 

which laid an egg in his skin that slowly emits a toxin.  

However, Peter’s immune system kicks in and forms a 

protective “encapsulant” around the egg.  The 

egg/encapsulant system can be modeled as a spherical 

system with the egg radius of Ri and the encapsulant 

between Ri and Re.  The inside of the egg has a 

concentration Ci.  At a given time, the concentration profile, 

as a function of radius r is:   
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and has a diffusivity D.   

A.)  Use the expression above to write an expression for the flux of the poison (Jr). 

B.) Using the spherical area A and your expression from above, write an expression 

for the flow. 

C.)  Is this system in steady state?   

D.)  What is the concentration at r = Re?   

 


