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Based on given parameters, calculate maximum range of a projectile and compare to
the projectile range in a vacuum.
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Figure 1: Maximum projectile range as a function of launch angle. The solid line is the calculation taking
air resistance into account. The dotted line represents the simulation in a vacuum. Various points are
marked for comparison.

A set of Matlab functions was written (attached in following pages) to represent and
solve this transcendental equation for projectile range in a linear medium. The
above plot shows the maximum range as a function of launch angle. The dotted line

represents the projectile fired in a vacuum, and the solid line is the case in which the
terminal velocity is 1. (a) In a vacuum, the maximum/range of 1 bccurs at 45

degrees.

(b) The plot shows comparisons between the range of the air resistance and
vacuum cases at several angles. This reveals the trend that to achieve maximum

range in real-world scenarios, a launch angle of less than the theoretical 45 degrees
should be chosen.

90




(c) For the given parameters, the air-resistance case has maximum range 04 O.Sl}at
35.6 degrees. This was achieved by essentially flipping the function above and using

"fminbnd” function to minimize this flipped function (which then corresponds to \/
max range). Thus, the air-resistance case can only achieve 51% of the range possible

In a vacuum.

Matlab code for 2.22

A A R R RN S A i I

function Rangel ()
tMATTHEW SHEEN

sMAE5730 HW

p.v0=1;

p.vter = 1;

pP.g=1l;

p.tau = p.vter/p.g;
p.theta=convang (45, ‘'deg’', 'rad');

for 1=5:5:85 %Iterate through a bunch of angles

p.theta=convang(i, ‘'deg', 'rad');
RV&C(i/S) — 2*p.v0’\2*cos(p.theta)*sin(p.theta); %Range .ln a8 vacuum

for the given parameters.
tDefine upper and lower boundaries for the numerical solver

upperBound = (p.vO0*cos(p.theta))*.99; %We can't take a log of a

negative number.
lowerBound = 0;

¢Run the Bisection Method Solver called "CrudeSolver"”
range(i/5,1) = CrudeSolver (@RangeEgns,p, upperBound, lowerBound,

0.0000001);

end
PLOt(5:95:80, rangeé({:), 2:2:85, Rvac(:))

ef// Cﬁm:}f

[maxrngAngle, maxrng] = fminbnd(@(x) (-RangeAtAngle(x,p)),5,45); %Flip
the graph over and minimize it to get maximum range

fprintf('For the air resistance case, max range is %0.2f, which occurs
at %0.2f degrees.\n',-maxrng, maxrngAngle);

end
555555555 5555555 5% 5555555 %%%S

XS EEEEEEE LR EE R LR LSRR R AR R R EEE LR
function fvals = RangeEqgns( R,p )

fvals=(p.v0*sin(p.theta)+p.vter)*R/(p.v0*cos(p.theta))+(p.vter*p.tau)*1
og(l-R/(p.v0*cos(p.theta)*p.tau));

end
it R R TR T R L R R  E R Rt  E E E E R Rt R R R TR LEERERELIEIELREY




A R s Ittt Y
function solution = CrudeSolver(rhs,p,upperBound, lowerBound, howClose)

approxl = rhs(upperBound,p);
approxZ2 = rhs(lowerBound,p);
halfway = (upperBound-lowerBound)/2+lowerBound:

approxHalf = rhs(halfway,p);
while abs(approxHalf)>howClose

1f (sign(approxl)-=sign(approxHalf))
lowerBound=halfway;
approxZ2 = approxHalf;

else
upperBound=halfway;

approxl = approxHalf;

end
halfway = (upperBound-lowerBound)/2+lowerBound;

approxHalf = rhs(halfway,p);

end
solution = halfway;

end
555555353555 %5355 5355555555555 5555555%5%55%%%

3Quick and dirty way to express with angle as input
2 XL E R L L E R R AR R R R R R R L LR R R R R R R R R R AR R R
function R = RangeAtAngle(angle,p)
p.theta = convang(angle, 'deg', 'rad');
upperBound = (p.vO0*cos(p.theta))*.99; %We can't take a log of a

negative number,

lowerBound = 0;
R = CrudeSolver (@RangeEgns,p, upperBound, lowerBound,

0.0000001);

end
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We now compare the numerical stability of Euler’'s method with the midpoint method
in the case of constant drag (Note: we consider the constant drag case to show that

even in complicated cases with nonanalytic functions, the midpoint method will in
oceneral converge to a solution in less steps. )

Recall that the midpoint method is defined by the following iteration scheme:

where f specifies the right-hand side of the set of ODEs 2 = f(t,z) and h is the

stepsize. Numerical analysis gives us that this method has global error O(h*), whereas
the Euler method has global error O(h).

The following figure compares the two methods using the accuracy measure Op =

20 min(3.5) — Top(3.5), where 2¢ min(3.9) stands for the computed value of x using the
smallest sampled step size, and z¢4(3.5) is the computed value of z for h bigger than
the smallest sampled step size. In our experiments, we took h = 3.5 x 10~ to be the

smallest stepsize, so x¢, = 3.5 has been fixed with that choice.




Constant Drag Case (T.. =3.98)
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Figure 5: Comparison of Euler vs. midpoint methods in the constant drag case. We sampled
seven different step sizes fromn = 1 ton = 7. Blue denotes the Euler method and red denotes
the midpoint method output. The black dashed line denotes the maximum 4, for which we
obtain seven digits of accuracy:.

As we can see, we require only 10° steps with the midpoint method to achieve the

desired seven digit accuracy with the midpoint method, whereas we require 10° steps
to achieve the same accuracy with the Euler method. This is in line with the error

analysis of the two methods stated above.




