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1. Introduction

A particle of mass m moves vertically in the field of gravitation. The drag is assumed to be proportional to 
the square of the speed.  The coordinate z and the velocity are counting positive downwards.
The initial velocity Vo=V(0) can have any sign. The final velocity (end velocity) Ve is always positive.
A more general description for the motion of a particle is shown in [4]. The title graphic is also somewhat 
generalized.
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2.1 Operation case A
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The initial velocity points downwards and is smaller than the end velocity. The solution of the differential 
equation for the velocity is based on the ‚separation of variables‘ according to [1]. 
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2.1 Operation case A continued
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2.2 Operation case B

The initial velocity points downwards and is larger than the end velocity or equal. The differential equation 
remains the same but the solution is different.
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2.3 Operation case C

The initial velocity points upwards. The particle moves upwards until the velocity is zero at the time t1.
For this case the sign in the differential equation changes from minus to plus. 
After t1 we have case A with V(t1)=0.
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3. Numerical integration

For the numerical integration the method ‘False Euler’ as described in [3] is sufficient. The standard Euler 
integration uses on the right side consequently old values. False Euler uses old values in the equation for 
the velocity but the new value of the velocity in the equation for the coordinate. This is always possible for 
mechanical systems and delivers more accurate solutions.
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The sign depends on the case:

Case A: minuss

Case B: minus

Case C: up to t  plus, then minus1

For the numerical integration we do not use t1explicitly. The sign in the differential equation changes to-
gether with the sign of the velocity.

The time increment is dt=0.03s (hundred steps for three seconds).

4.1 Examples / Parameters

m = 100 kg
k  =   40 N/(m/s)2

a  =     5 m/s
b  =     2 1/s
g  =   10 m/s2

This example is approximately valid for a parachute jumper, operating case A.
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4.2 Examples / Results

Analytical solutions for the velocity are shown black.
Numerical solutions for the velocity are shown red and dashed.
Numerical solutions for the coordinate are shown green and dashed.
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The time constant, valid for case A, is calculated by τ =1/ b = 0.5s . We have  V(τ)=0.7616Ve. 
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