Analysis of motion of a paradrop
Question 1
Motion of a paradrop can be categorized into two stages
The first stage (stage1) is where the parachute ha not opened up. Here motion is a free fall and the only factor affecting motion is gravity.
The equation of motion and free body diagram are given as follows:



Where g is the gravitational acceleration g=9.81m/s^2
S is the altitude from which the paradrop is dropped
V is the velocity and t is time in seconds
Free body diagram
Stage2
In this stage the parachute opens up and the influence of air resistance in terms of drag force comes in .
The drag force is given by the following equation:

Where, A is the area of the parachute in m, Cd is the drag coefficient while ⍴ is the density of air in kg/.
The equation of motion is given as follows: 




Dividing with m on both sides:



But 

And let     k=  assuming the density of air is constant and the parachute is fully opened.

The above equation can be expressed in this form:



Which is a first order ODE.

The solution of the above equation is given as follows:



Therefore:

With the above equations we are able to get the altitude and the landing velocity when solved.
Free body diagram







Question 2
The landing time and velocity when the parachute is not activated.
We use equation for stage 1 and solve them to get time and landing velocity if we know the altitude.




Using the first equation we can solve for the landing time 





Therefore 



And 

 

Question 3
 The equations in the finite difference form can be written as shown below:




The initial conditions is that v (0) =0; s (0) =

Question 4
The matlab code for solving the finite difference equation is as follows:
N=10;
g=9.81;
m=80;
k=14.7875;
a=1;
b=m/k;
c=-g*m/k;
 
t=linspace(0,1,N+1);
t1=linspace(0,1,N-1);
dt=t(2)-t(1);
A=eye(N-1);
A=A*(k/m-1/dt)
A=A+1/dt*diag(ones(N-2,1),1)
 
v=((A)^-1)*(M)
plot(t1,v)
xlabel('time')
ylabel('velocity')


 plot of velocity against time is as follows:

Velocity increases up to maximum value which is the terminal velocity.
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Before the parachute is activated the plot of height against time is as shown below
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The height decreases due to the influence of gravity
The matlab code is as follows

s0=3000;
g=9.81;
v0=0
t=linspace(1,10,10000)
s=-0.5*g.*t.^2+v0.*t+s0;
plot(t,s)
xlabel('time')
ylabel('height')


After the parachute is activated velocity is as follows
[image: ]

Velocity decreases to zero.
The matlab code for the above graph is as follows:
m=80;
g=9.81;
k=14.7875;
t=linspace(1,20,10000)
v=-sqrt(m*g/k)*tanh(sqrt(k*g*t/m))
plot(t,v)
xlabel('time')
ylabel('velocity')
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