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Intermediate 1B 2026 Spring Quarter Competition

Sofia Behzadi

May 29, 2026

Hanoi Tower

(10 points) Formulate the rules of the Hanoi Tower puzzle.

(20 points) In the game with three disks, the current state is three discs on peg A. What
steps do you need to take to get them to peg C?

. (30 points) How many steps do you need to move four disks from peg A to peg C the

shortest possible way?

. (40 points) What was the general formula for number of steps for a Hanoi puzzle with

n disks? (If you can’t remember, just derive it via the lower cases)



5. (50 points) Find the incorrect node(s) in this Hanoi tower graph.
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2 Sierpinski Triangle

1. (10 points) The first step is taking an equilateral triangle of area A0 and cutting out
the middle. What area, A1, is our new triangle left with?

2. (20 points) Now we take the new triangle and cut out the center triangle from each
remaining piece. What’s the new area? (Write one equation in terms of Al and one in
terms of A0)?

3. (30 points) What is the overall formula for the area of a Sierpinski triangle? Write in
terms of AQ and n where n is the number of times we cut out area from A0.

4. (40 points) Take the limit if we repeat the process infinitely many times. Now, take
your equation in terms of n and give the limit as n goes to negative infinity.

5. (50 points) Estimate the dimension of the Sierpinski triangle. Justify your answer.
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3 Powers and Logs I

1. (10 points) Derive b° = 1 from b® * b¥ = "™ and b=* = 1/b°.

2. (20 points) Derive b*/b¥ = b*~¥ using the rules listed in the third problem.

3. (30 points) Write log,(z'/?) in terms of log,z. (Can use b*¥ = (b*)Y to derive if you
don’t remember it)
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4. (40 points) Use b*/bY = b*~¥ to prove log, 1/p = —logyp

5. (50 points) Use b” x b¥ = ™Y to prove log, pg = logyp + logyq
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4 Powers and Logs II

Hint for these problems: a” = y is equivalent to log,y = =

1. (10 points) Use logarithms to show that 163/* = 8.

2. (20 points) Find the values (4%), (4%"), (4%)? and (4").

3. (30 points) Simplify logs((x — 4)/(y*</z)) into an expression with only one variable in
each log (so one log should contain any and all xs, one any and all ys, one any and all
z8).
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4. (40 points) Simplify the expression to only have positive exponents: (((z*y~'z3)/(z782%y*))~*

5. (50 points) Solve for x: z — x7°**2 = ( (Hint: there are multiple solutions!).

6. (60 points) Now that we’ve covered exponents, this should be more doable: We can

convert cosine and sine to exponential form using e = cosx + isinz. Use this to

represent cos x and sin x in terms of e? (Hint: cos(x) = cos(-x) and sin(x) = -sin(-x) ->
use this combined with the exponential equation to isolate cosine and sine)
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5 Reading Python

1. (10 points) What will this program print?
a = input("hmmm ")
print(a)

2. (20 points) What does running this produce?

def test():
for i in range(3):
print("TEST")

3. (30 points) If I write these three lines in an empty file and run, why is there an error?

fd(281)
rt(34)
rt(-200)
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4. (40 points) What is this function trying to do? What is the error that keeps it from
doing that? (You may assume the try and except lines have been properly implemented)

def func(a, b):
try:
¢ = int(input("Enter: “))
d = int(input("Enter #2: "))
except ValueError:
print(“One of your inputs wasn't an integer!”)
f=((a-c)**2 + (b-d**2)**(1/2)
print(f)

5. (50 points) List all (0+) function calls to func2 that will result in b = 3.

def helper(u):
return u**(0.5)

def helper2(u):
return ((u**2)**(0.5))**(0.5)

def func2(a = 9):
if(a < 0):
return helper2(a)
else:
return helper(a)

b = [function call]
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6 Writing Python

1. (10 points) Write a function, greeting, that will print "Hello" when called.

2. (20 points) Write a while loop that calculates x mod 3 (for a given x). (You must use a
while loop, not "%’)

3. (30 points) Write a function that will prompt the user for two numbers and print "true'
if either number is a multiple of the other. (The function should take no arguments)
You cannot use %’ or recursion.
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4. (40 points) Do the same problem as the previous, except now you still cannot use '%’
and can only use one loop and no recursion.

5. (50 points) Write a Fibonacci function that takes in one input n and uses only loops to
find the nth Fibonacci number (no recursion).
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7 Recursion and Fractals

1. (10 points) What does this function do?

def mysteryFunc(k):
if(k < 0):
return -1
elif(k == 0):
return 1
else:
return mysteryFunc(k-1)*k

2. (20 points) Write a recursive function that is the equivalent of: (Hint: the function
definition will have one parameter, k)

while(k > 0):
print(k)
k-=2

3. (30 points) Break down the Hanoi tower problem into a base case and recursive case.
(Don’t have to code anything)
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4. (40 points) A list is a data structure in Python of the form s = [1, 2, 3]. To access the
first element we do s[0], the second s[1] and third s[2]. To get the length of the list we
do len(s). To remove the last element from the list we do s.pop(), and to pop a specific
index we instead do s.pop(desired index). Write a recursive function that traverses a list

and prints the last element.
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5. (50 points) Give a rough drawing for what this function produces:

turtle

test(t, x, y, n, outerRadius, innerRadius):
t.goto(x, y)
radius = outerRadius - innerRadius
i range(n):
t.goto(x, y)
t.setheading(i / n * 360)
t.penup()
t.forward{innerRadius + radius / 2)
t.pendown()
t.circle(radius / 2)

demo():

screen = turtle.Screen()

screen.reset()

t = turtle.Turtle()

t.speed(0)

size = min(screen.window_width(), screen.window_height()) / 2 * 0.9

test(t, @, 0, 32, size, 0.2 x size)
screen.exitonclick()

demo()
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6. (60 points) Find the two bugs in this attempt at a Sierpinski triangle recursive function.
(Hint: I'm defining a bug as the same incorrect idea in possibly multiple locations)

turtle

draw(t, p):
.fillcolor("white™)
~up()

.goto(pl[@l[e], plol[1])
.down()

.begin_fill()
.goto(pl[1]l[@], p[11[1])
.goto(pl[2][@], p[2]1[1])
.goto(pl[el[e], plel[1])
.end_fill()

A+t

mid(pl, p2):
((p1l@] + p2[el) /7 2, (p1ll[1] + p2[11) / 2)

sierpinski(t, order, p):
draw(t, p)
order > 0:
sierpinski(t, order, [p[@], mid(p[@]l, pl1]), mid(p[@l, pl[21)}])
sierpinski(t, order, [p[1], mid(p[@], pI1]), mid(p[1], p[21)])
sierpinski(t, order, [p[2], mid(p[2], pl1]), mid(p[@l, pl[21)}])

main():

t = turtle.Turtle()

t.speed()

wn = turtle.Screen()
wn.bgcolor("black")

p = [[-500, -400], [0, @], [500, -400]]
sierpinski(t, 2, p)

wn.exitonclick()
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8 Brand New Problem

I'm giving you all necessary information to solve this assuming you’ve never seen anything
like it before. However, I'd encourage focusing on the other problems first.

The system you’ll see below is a combination of two types of transistors, NMOSes and
PMOSes. See the behavior of each device for the possible inputs:

drain Gate=0 Gate=1

drain drain
gate _I
OFF ON

source T
NMOS source source

Gate=0 Gate=1

drain drain drain (K
gate _4|:: ON OFE

source source source T
PMOS

You can treat Vdd as 1 and the three lines at the bottom as ground (value of 0). 1 and
0 can travel along the wires.

1. (120 points) Given inputs A =1, B=1, C =
A=0,B=0,C=1,D=1? AndA =0,B

answer.

= 0, what is Y? How about inputs
1, D =17 You must justify each
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9 The Quarterly Random Questions:

1. (10 points) What was the name of the 2017 film inspired by the life of PT Barnum that
produces a whole collection of musical hits?

2. (10 points) Which instructor(s) are graduating this quarter?

3. (20 points) What happened at 11:11am in 2015-267

4. (40 points) These two songs come from Katy Perry’s hit 2010 album that played a key
part in Gen Z childhoods:
(1) "Did you ever feel, like a XX XX / Drifting through the wind, wanting to start again'
(2) "You and I, we’ll be young forever / You make me feel like I'm livin’ a / XX XX

5. (40 points) These two hits came from the same group, but from opposite ends of the
2010s.
(1) "If happy-ever-afters did exist / I would still be XX XX like this"
(2) "Cause girls you run 'round with guys like me / 'Til sundown when I come through
XX XX a girl like you, yeah-yeah'
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