
GUTS 1. Knight Launch-a-Lot
Wikipedia: A trebuchet (French: trébuchet) is a type of catapult that uses a hinged arm with a sling attached to the tip to
launch a projectile.
(a) A fun fact about trebuchets is that they can launch a 90 kg projectile over 300 meters. Suppose that we have a perfectly

ideal trebuchet, which has no mass and no friction, so that all of the counter-weight’s gravitational potential energy is
converted into the projectile’s kinetic energy. Assuming that the launch angle is 45◦, and the projectile experiences no
air resistance, and the counter-weight falls vertically 4 meters, how heavy must the trebuchet’s counter-weight be to
launch the projectile at least 300 meters?

(b) In reality, trebuchets are not perfectly efficient. If the counter-weight from part (a) actually launches the projectile
only 240 meters (instead of 300 meters) due to energy losses, what is the efficiency of this trebuchet (expressed as a
percentage of the ideal case)?

(c) Medieval engineers discovered that adding wheels to the trebuchet frame improves efficiency by allowing the counter-
weight to fall more vertically. If adding wheels increases the efficiency to 85% and allows the same counter-weight to
fall 5 meters instead of 4 meters, how far will the 90 kg projectile travel now? Assume the launch angle remains 45◦

and air resistance is still negligible.
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GUTS 2. Caffeinated Collider

(a) You are testing a new “coffee-powered” accelerator in the physics reading room. It launches coffee beans of mass 1 g
around a circular tube using compressed air, which applies a constant tangential force of 1 N. Assume the tube forms
a circle of radius r = 0.5 m and that there is no friction. If the bean starts from rest, what is the angular velocity, ω,
in radians per second (to two significant figures) after 10 seconds?

(b) The coffee bean exerts a force on the walls that depends on its speed. If the bean has velocity (not angular velocity)
v0 = 10 m/s, what force do the walls experience, in Newtons to two significant figures?

(c) Once the coffee bean reaches the velocity found in part (a), it is released into a straight pipe and undergoes a perfectly
elastic collision with an espresso bean initially at rest. If the espresso bean has mass 0.3 g, how fast is it launched? You
may leave your answer as a fraction or as an approximation to three significant figures.
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GUTS 3. Hot Wheels Hullabaloo

(a) A car attempts to perform a loop-the-loop maneuver on a track of radius R, which is much larger than the size of the
car. What is the minimum speed required for the car to stay on the track as it crosses the topmost part of the loop if
R = 20 m? Let g = 9.8 m/s2, and express your answer to two significant figures.

(b) Before the car enters the loop, it must first accelerate in a straight line on a flat, horizontal road. If the coefficient of
static friction between the tires and the road is µ = 0.80, what is the maximum acceleration the car can achieve in m/s2

to two significant figures?

(c) Now suppose the car has a mass of 1000 kg and is driving around a flat, circular racetrack with a radius of 100 m. If
the car travels at a tangential velocity of 100 m/s, how much centripetal force does the car experience? Express your
answer in scientific notation to two significant figures.
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GUTS 4. Resolution Revolution

(a) A simple refracting telescope uses a primary objective lens with a focal length f = 2.0 m. If a distant star subtends an
angle of α = 5.0 × 10−5 radians in the sky, what is the physical size (linear diameter) of the star’s image formed at the
focal plane? Express your answer in micrometers (µm) to two significant figures.

(b) To capture the image, a digital sensor is placed at the focal plane. If the objective lens has a diameter of D = 10 cm,
what is the theoretical minimum angular separation (the diffraction limit) of two stars that this telescope can resolve?
Assume the light has a wavelength of λ = 550 nm and use the Rayleigh criterion. Express your answer in microradians
(µrad) to two significant figures.

(c) Consider the intensity of the light. If the telescope is pointed at a source that provides a uniform intensity I0 at the
objective lens, and an eyepiece is added to magnify the image by a factor of M = 20, the light is concentrated into a
smaller area (the exit pupil). Neglecting any transmission losses, what is the ratio of the light intensity at the exit pupil
to the intensity I0 at the objective? Express your answer to two decimal places.
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GUTS 5. Final Depth Speedrun (Any% No Buoyancy)

(a) A research submersible descends to the wreck of the Titanic at a depth of 3800 m. The seawater density increases
linearly with depth according to ρ(z) = ρ0(1 + βz), where ρ0 = 1025 kg/m3 and β = 1 × 10−4 m−1. Assume that
gravity g = 9.8 m/s2. Ignoring atmospheric pressure, what is the pressure at 3800 m? Give your answer in MPa, to
two significant figures.

(b) Inside the submersible, an air-filled tank is used for buoyancy control. Initially the submersible is at equilibrium with
the surface water. To submerge, the submersible’s tank is filled with surface water up to a certain amount, which
determines how deep the submersible goes. The submersible has a total volume of V = 1000 m3, including the volume
of the tank, and 333 m3 of surface water are let into the tank. Ignore the mass of air that leaves. Determine the final
depth, in meters to two significant figures, of the submersible before it stops sinking due to buoyancy.

(c) Thermal contraction also matters. Model the submersible as a cube with side length 10 m in all directions, made of
a material with a linear thermal expansion coefficient α = 8 × 10−5 ◦C−1. In a fluid with ρ0 = 1025 kg m−3, if the
temperature drops by 10 ◦C, what is the magnitude of the change in buoyancy force, in Newtons to 2 significant figures?
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GUTS 6. Kirchhoff Final Boss
(a) A parallel-plate capacitor has square plates of side length 5.0 cm separated by 1.0 mm. A dielectric slab with dielectric

constant κ = 4.0 is partially inserted between the plates and completely fills the gap. The capacitor is connected to
a 200 V battery. Ignoring fringing effects, determine the magnitude of the force pulling the dielectric farther into the
capacitor, in Newtons to two significant figures.

(b) Find V1 in Figure 1 in volts to two significant figures.

(c) For the AC circuit in Figure 2, determine the magnitude of the total impedance in ohms to two significant figures.
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GUTS 7. Relative to Super-Humans
Stanley and Ashton are floating in space.
(a) Ashton throws a baseball at 80% the speed of light, relative to some frame S). After some time, Stanley flies after it

at 95% the speed of light relative to S. What’s the velocity of the ball in Stanley’s frame as he is chasing after it? The
ball and Stanley are traveling the same, positive, direction in S. Express your answer in terms of c.

(b) Now Stanley and Ashton are racing. At a certain time relative to a reference frame S, Stanley is at point x = 0 m and
Ashton is at x = 10 m. Stanley flies at a constant 0.90c and Ashton flies at a constant 0.85c. According to Stanley,
what is the time between when he arrived at point x = 0 in frame S and when Ashton reached x = 10 in frame S?

(c) Now Stanley and Ashton are in a throwing competition. Ashton throws a cylindrical rod straight along its axis of
symmetry at 80% the speed of light relative to Stanley’s frame of reference. The rod has proper length L0 = 4.0 m,
proper radius r0 = 0.5 m, and rest mass m = 20.0 kg. What is the density of the rod in Stanley’s reference frame, in
kilograms per meter to three significant figures?
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GUTS 8. Oscillations, Oscillations, Oscillations
(a) All motion in this problem is on one plane. A disk with radius Rd = 1m of uniform density contained in a ring of radius

Rr = 3m. Both have the same mass of m = 2kg. The ring is free to rotate around its center, but is but its center is
fixed from moving. The disk rolls around on the bottom of the ring without slipping. If the disk is released from rest
slightly away from the bottom, but in contact with the ring, what is the frequency of oscillation in Hz to two significant
figures? Take g = 9.8.

Rr

Rd

(b) A vertical pole of length L = 3.00m is installed on the north pole, normal to the ground. An experimenter manages to
set the a tether ball attached to the top into a perfectly conical motion of θ = π/6 from the vertical. The ball moves
around the horizontal circle with constant speed. The earth spins with Ω = 7.29 × 10−5s−1. Because of the corriolis
force, the time it takes for the ball to complete a prograde motion is different from retrograde motion. Find |Tp − Tr| in
seconds to two significant figures and in scientific notation. Neglect air resistance and treat the ball as a point mass.

(c) Model an exotic particle as an alpha particle, mass 6.64 × 10−27kg and charge 3.2 × 10−19C, and a proton, charge
1.6 × 10−19C, attached by a string with spring constant k = 5N/m. The spring has a rest length 0. Let the particle be
rotating at ω = 6×1012s−1. Around its equilibrium length given the rotation, what is the frequency of small oscillations
in the length of the spring in Hz, to two significant figures in scientific notation? Ignore relativistic and quantum effects.
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GUTS 9. Enrico.
Fermi Questions! Estimate all values, you will get credit on how close to the correct answer. Submit every answer using
scientific notation, such as 1.23 × 104. Your submission is capped to 3 significant figures.
(a) Berkeley is famous for its high density of boba shops. If every boba pearl served in the city of Berkeley in a single day

were lined up end-to-end, how many times could they wrap around the perimeter of the Campanile (our bell tower)?

(b) The Bevatron at Lawrence Berkeley National Lab, where the antiproton was discovered, used about 10,000 tons of steel
for its magnets. If you scrapped all that metal to replace the perpetually broken washing machines in the Berkeley
dorms, how many units could you actually build?

(c) Many Berkeley students suffer in electronics lab classes, and often go insane. How many alkaline AAA batteries would
it take one of these students to charge a Tesla Model 3?
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