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COMPILATION: air resistance on a bullet 
 
Date:    Tue, 11 Sep 2018  
From:    Joe Kremer, in Colorado 
    Hi all, an interesting puzzle came up in my AP Physics 1 class, and I’m curious to hear your 
thoughts. Here’s the question: 
    A bullet is fired upward from ground level, and takes 10s to hit the ground. Ignoring air 
resistance, we can calculate the initial speed of the bullet to be 50 m/s. 
     But air resistance is NOT insignificant for a speeding bullet - using the measured value of 10s 
but considering air resistance, how does the actual initial speed of the bullet compare? 
A) greater than 50m/s, B) less than 50 m/s, C) almost exactly 50m/s, D) not enough info to 
compare. 
    I started out thinking that a velocity graph gives a straightforward answer, but by taking the 
situation to extreme viscosity I became less certain. 
    Any thoughts? 
 ------------------------------ 
 
Date:    Wed, 12 Sep 2018  
From:    Fernand Brunschwig, founder of STEMteachersNYC  
     I worked out a spreadsheet simulation, which seems to show that you must INCREASE the 
initial speed of the bullet with air friction in order to have it hit the ground in the same 10 
seconds or in any equal time as the bullet with no air friction. This seems to be true for any value 
of the viscosity, which I modeled as k in F = mg + kv. I haven't tried kv^2 or higher powers of v. 
     This should be even easier to show with some computer code. But my programming skills are 
rusty. Here's a link to the spreadsheet in my Google Drive: 
https://docs.google.com/spreadsheets/d/1GvSTbrXFYbs3S0xG-vbZFKDAwScBAiPSn4i5N0b0Zd8/edit - gid=1629002279 
 
 -------------------------------------- 
Sept. 12, 2018 
From: Nathan Moore, Winona State University 
    Air resistance forces are nonlinear, and the normal v, v^2 terms that we use to represent this 
force come from a power series expansion, eg F_air = a + bv + cv^2 + ...  For very small, slow 
objects (dust) the bv term dominates. For bicyclists, cars, etc, the cv^2 term dominates. 
    If you want to model this, an excel sheet or a python script is probably easiest.  There is an 
analytical solution but it takes a little differential equations to work it out. 
    The normal air resistance force is .5 rho A C_d v^2 (see Wikipedia for a description of each of 
these terms). 
    Coming back to your original question, on the way down the earth's pull and the air resistance 
force will likely balance in magnitude and the bullet will drop at constant speed. 
    Here's an excel sheet that allows you to change things like the density of the air, initial 
velocity, drag coefficient, etc.  air_resistance_spreadsheet.xlsx 
https://mnscu-my.sharepoint.com/:x:/r/personal/sj5947pw_minnstate_edu/_layouts/15/Doc.aspx?sourcedoc=%7Bd76c1d85-f62e-
466d-b90b-5095434e750d%7D&action=default 
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Sept. 12, 2018 
From: Bill Jameson, in Wisconsin 
    This is similar to AP CM, 2005 #1. In that question, students were asked to graph velocity vs 
time for a ball thrown upward with an initial velocity v, accounting for air resistance. The 
question had a -kv force, which is probably not accurate for the high speed of a bullet, but the 
general shape of the graph is the same.  
    Fernand's answer is consistent with the results from that question: a greater initial velocity if 
the bullet is to remain in the air for the same time. 
   A -kv^2 force would require that the initial velocity be even larger, because the initial 
acceleration would be greater. 
 -------------------------------- 
Sept. 12, 2018 
From: Ron McDermott, long-time modeler in New York 
    Wouldn't a straightforward qualitative explanation be sufficient?  In a conservative system, 
you get 10 seconds of flight time with an initial KE corresponding to a velocity of 50 m/s.  In a 
non-conservative system, to have the same flight time requires a starting energy which is greater 
than the first case; hence the initial velocity must have been greater than 50 m/s.  What am I 
missing? 
 ------------------------- 
Sept. 12, 2018 
From: Fernand Brunschwig 
    I don't think you can prove that greater energy means greater time in air. It seems"intuitive" 
for friction free case, but how can you be sure in the case with friction, which changes 
everything? For example, motion is no longer symmetrical. With friction, time to top is LESS 
THAN time from top to ground. 
 --------------------- 
Sept. 12, 2018 
From: Paul Camp 
    That's not an easy question to answer intuitively. At least not for me. It doesn't go as high with 
air resistance so if the problem were symmetric, the v would have to be higher. But it isn't 
symmetric. It takes longer to come down than to go up since drag switches directions. That in 
turn means it is slower when it gets back to the ground than it was when it left. 
    My horseback guess is that the answer is still > 50 m/s, but I'd have to remind myself of the 
hyperbolic functions for each path and I'm too lazy for that right now. You can look it up in a 
text like Taylor or Thornton and Marion and Thornton. 


