
20-ENFD-112-00x Programming Fund. Spring, 2007 John Franco

Solutions to Midterm Exam

Print name: Signature:

Instructions: Print you name clearly and sign above. Papers without a name or a signature
will not be graded. Answer all questions. Partial credit is considered if you state what you
would do with an intermediate result if you were able to derive it.

1. (33)

(a) You are given a list of numbers spanning 100 pages of paper, 500 numbers per
page. There is no order to the numbers and some numbers may be duplicated
in the list. State clearly and concisely (no unnecessary sentences and/or phrases
should be used) how you would determine the largest number which is no greater
than any of the numbers in the list (this is, the smallest number in the list). Use
only the space provided below this line and make sure what you write is readable
by a person with questionable eyesight.

Answer: On a separate, blank sheet of paper write the first number in the
list. Examine all the remaining numbers in the order they appear on the pages,
comparing each against the number on the separate sheet. If one of the examined
numbers, say p, is found to be less than the number q on the separate sheet,
erase q and write p in its place. Do this as soon as a number smaller than the
one currently on the separate sheet is found. Continue examining, in order of
appearance, erasing and writing as smaller numbers are found until all numbers
have been examined. The number on the separate sheet is the desired number.

(b) Write a Matlab function that finds the smallest number in a list. Suppose the list
is to be given as a file of two lines: the first line contains the number of numbers
in the list and the second line consists of all the numbers in the list separated by
blanks. For example, the file, call it file.dat, might look like this:
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67 22 12 43 99 26 11 16 9 10 112 101 33 71 10 88

The argument list of the function consists only of a file name (as a string)
and the number found is returned as the value of the function. For example:
find min(’file.dat’); returns 9.
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Answer:

function least = find_min(filename)

fid = fopen(filename,’r’);

if fid < 0

error([’File ’ filename ’ not found’]);

end

npts = fscanf(fid,’%d’,1);

if npts > 0

least = fscanf(fid,’%f’,1);

for i=2:npts

next = fscanf(fid,’%f’,1);

if next < least least = next; end

end

end

end

(c) Assume the same input file format as before. Modify the program you wrote
above so that it finds the number in the list that is closest to a smaller integer
and outputs the number and the closest, smaller integer as a list of two elements.
Write the program below.

Answer:

function [least number] = find_closest(filename)

fid = fopen(filename,’r’);

if fid < 0

error([’File ’ filename ’ not found’]);

end

npts = fscanf(fid,’%d’,1);

if npts > 0

number = fscanf(fid,’%f’,1);

least = number - floor(number);

number = floor(number);

for i=2:npts

next = fscanf(fid,’%f’,1);

lst = next - floor(next);

if lst < least

number = floor(next);

least = lst;

end

end

end

end
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2. (32)

(a) The Taylor series expansion for sin−1(x) is

sin−1(x) = x +
x3

2 · 3
+

3x5

2 · 4 · 5
+

3 · 5x7

2 · 4 · 6 · 7
+

3 · 5 · 7x9

2 · 4 · 6 · 8 · 9
. . .

How would you use this to calculate a close approximation to the number π?

Answer: The angle whose sin is .5 is 30 degrees or π/6. Hence we can substitute
.5 for x in the sum above (right side of =) and multiply by 6 to get π. Since
it is impractical to include all the terms of the sum (there are infinitely many),
and since the contribution of the ith term of the sum is less than one fourth the
contribution of the i − 2nd, i odd (even i terms are 0), we only need to consider
the first few terms of the sum to get a good approximation. For example, if we
add the first 20 odd terms (up to i = 39) the error will be less than

(1/2)39
∗ (1 + (1/2)2 + (1/4)4 + ...) < (1/2)38

which is better than 12 digits of accuracy! But if 1 is substituted for x the ith

term is (1 −
1

i+1
) ∗ (1 −

2

i+2
) times the i − 2nd term so, for large i, the terms are

about the same and convergence becomes really slow - only 2 digits after 100000
iterations!

(b) Write a Matlab function to do this.

Answer:

% The ith term, call it s(i), is 3^2*5^2*7^2...(i-2)^2*x^i/i!

% Therefore s(i+2) = s(i)*(i/(i+1))*(i/(i+2))*x^2

% Use x=0.5 (30 degrees) for fast convergence, x=1 (90 degrees) is bad!

% For x=0.5 first 15 digits of pi are computed after 20 iterations

% For x=1 after 100000 iterations only the first 2 digits are correct.

function s = prob2b(x, iters);

s = 0;

term = x;

for i=1:2:iters*2

s = s + term;

term = term*(i/(i+1))*(i/(i+2))*x^2;

end

if abs(x) == 0.5 s = (2*x)*6*s;

elseif abs(x) == 1 s = x*2*s;

end

end
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3. (35)

(a) Consider a right triangle with hypotenuse of length h and sides of length a and
b. What is the relationship between a, b, and h?

Answer: a2 + b2 = h2. That is, h squared is equal to a squared plus b squared.

(b) Write a Matlab function that takes lengths a and b of a right triangle as input
and outputs the acute angle, in radians, that a makes with the hypothenuse.

Answer:

function ans = find_angle_radians(a,b)

ans = abs(atan(b/a));

end

(c) Write the same function but returning the angle in degrees instead of radians.

Answer:

function ans = find_angle_degrees(a,b)

ans = abs(atan(b/a)*(360/(2*pi)));

end
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