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The figure below shows a spreadsheet to calculate the vertical motion of a particle launched from a height yo with an initial velocity Vyo, subject to gravity and acceleration due to air drag. 

Controls for time step and air drag. 

The time step in the numerical integration is adjustable via a scroll bar or 'slider'. This slider has a 'linked cell' G1 and the time step dt in cell B6 is the product of cells G1 and G2. A a second slider controls the acceleration due to air drag, with a linked cell G3.  The acceleration coefficient due to drag in cell B7 is the product of cells G3 and G4.

Naming cells. To help interpret the calculations, a cells B3..B7 have been 'named' (Cells A3..A7 have text in them as a label for you to remember what the named cells are.)  The figure shows that cell B4 has been selected, and it has been given the name Vyo, as shown in the Address Window at the upper left (this box would say B4 if this cell had not been named). Naming a cell is most easily done by first selecting the cell and then clicking on Address Window and typing the name in there. You can also select the cell and then on the top menu go to Insert / Name / Define to name this cell. (If you mess up and name cell A3 as yo (Instead of naming B3 as yo. Naturally I have never made this silly mistake!), then you have remove this name by going to Insert/Name/Define and then cancelling it out.)

Labelling and naming together. To do both labelling and naming together: type the label yo in cell A3, then hit Ctrl-C to copy it. Then select cell B3, click on the Address Window and hit Ctrl-V. This pastes yo in the upper left box as the name of cell B3, and you only typed it once. 
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Runge-Kutta 2nd order (RK2) calculations.

We start with the initial position and velocity, and calculate the initial acceleration from these two. Since the average acceleration is   aavg = (v/(t.   Using the average acceleration we could calculate the velocity at a time (t later as


v(t+(t) = v(t) + aavg (t .








(1)

And likewise  vavg = (y/(t, so that 


y(t+(t)  = v(t) + vavg (t .








(2)

This is pretty much what we will do, with one small wrinkle. First we will 'half-step' the position and velocity to the middle of the time interval


v(t+(t/2) = v(t) + a(t) (t/2,  and


y(t+(t/2) = y(t) + v(t) (t/2.

With the half-step values of position and velocity, we can calculate the acceleration aavg in the middle of the time step. Then we use Eqs (1) and (2) to do a full time step of position and velocity.

We assume drag proportional to v2, so the drag acceleration is actually the coefficient a_drag multiplied by v (abs(v)). This is needed because we want the drag to change sign when v does.


yo

 = g - a_drag*C10*abs(C10)



= g - a_drag*F10*abs(F10)




Vyo


= B10+dt/2*C10









 = C10+dt/2*D10
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=A10+ dt
= B10 + dt*F10
=C10+dt*G10


= g - a_drag*C11*abs(C11)
= B11+dt/2*C11
= C11+dt/2*D11
= g - a_drag*F11*abs(F11)
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Shortcuts to save typing:

For ' = A10+dt', type the '=' then click on cell A10, type the '+', and click on the cell named dt



fill in B10, C10, and type in D10



type E10 and use the drag button to 'drag'  it to F10



copy D10 to G10



type B11 and use the drag button to 'drag' it to C11



select D10..G10 and 'drag' down to D11..G11

Finally:
Select A11..G11 and 'drag' down as far as you want. (Maybe 200-300 rows)



Then plot y vs. t or Vy vs t.

Important!

You must set your security level to medium (or something) so the sliders will run.

Go to Tools on the top menu, then Options, then the Security tab, then Macro Security toward the bottom of that pop-up, then select the security level.

