The International Physics Tournament 2015/6 – results

The final stage of the 21st Shalhevet Freyer Physics tournament took place at the Davidson
Institute of Science Education on April 5th, 2016. 30 teams competed in the tournament,
15 from Israel and 15 from abroad. The countries who took part in the tournament were:
Panama, Canada, Romania, Slovenia, Angola, UK and USA.
On April 6th, 2016 there was a closing ceremony for the tournament where prizes were given to
the top five winning teams.
The top five teams were:
1st place – St Paul's School, UK
2nd place – Gimnazija Želimlje, Slovenia
3rd place – HEMDA, center for science education, Tel-Aviv, Israel
4th place – The Gregory School, Tucson, Arizona, USA
5th place – Yigal Alon High School for Arts and Sciences, Ramat H’asharon, Israel
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Safes Descriptions

Safe Description
Our safe consists of two challenges, the ultimate objective of which is to remove a ball
bearing named Barry from being stuck at the top of a broken roller coaster. Burglars
have access to one side of the safe, which contains two useful objects, which they
should remove: a small model train carrying a cargo of ball bearings, for the first task;
and a flag pole with a piece of nitinol wire, for the second.
Cracking the safe
To complete the first challenge they must observe that, supported in the centre of the
safe, is a toroidal acrylic tank containing water dyed green, with 3 lasers shining through
this tank to LDRs detecting the light level. Tilting the safe will only obscure at most 2 of
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the lasers, so they must find a way to make the water rise up the side of the tank on all
sides. This is first done by lifting the safe off its base, which contains a series of circular
tracks, which can be filled with ball bearings, and then replacing the safe on the base.
The safe can now be spun rapidly, causing the water to rise up the sides since the its
momentum tangent to the rotation must be conserved, up until the point where the
depth of the water on the outside provides sufficient centripetal acceleration to water
inside it to maintain a stable situation, forming a parabolic cross section. Once all three
lasers have been obscured for a short while, a lamp flashes on, notifying the burglars
that they have completed the first challenge.
For the second challenge, the burglars must first use the nitinol wire to push a small
switch once the safe has finished rotating. This causes the lamp to turn on permanently
and a small servo motor to slide the broken part of the roller coaster into place,
repairing it for Barry. The lamp used is one commonly found in car side lamps, and has
the property of heating up substantially during operation, due to its high resistance.
When the nitinol is touched to the lamp in the correct place, as marked with white paint
on the wire, it will be heated past its activation temperature of ~60C, causing its
crystalline structure to transform from a flexible body-centered tetragonal structure
known as Martensite to a more rigid simple cubic structure know as Austenite. This
means that it will return to a predetermined shape, in this case a hook, allowing it to be
used to pull a switch that was formerly inaccessible. Once the switch is pulled, the roller
coaster door opens, and Barry rolls down the roller coaster and out the side of the safe.
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Breakers are also given a permanent magnet, a plastic syringe and a bucket of water (at room
temperature).
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Front view

Left side view

For cracking the safe, two puzzles must be solved.
The First Puzzle is located on the top of the safe ('parking lot' (1) covered with transparent plastic).
'Cars' – metallic discs (1.1) – must be moved to the designed lots (1.3). Starting and final positions
are controlled with photo-transistors (1.2). The discs are made of three different materials: iron,
aluminium and copper. The traffic lights (1.4) in the middle of the parking lot are red at the
beginning.

The discs can only be moved with a permanent magnet that is given to the breakers. The disc
made of iron is easily moved, but the other two must be moved with Lenz force. We make a
quick movement with the magnet over the disc; the changing magnetic field induces currents in
the disc which create a force that moves it. When the discs are set, the traffic light turns to
green. The coil (1.5) and additional electronics are now activated. With repeated, quick pulls of
the magnet over the coil we induce voltage impulses that fill the condenser. When the voltage
on the condenser is high enough, the electronics turn on the laser and the first puzzle is
complete.
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The parking lot at the beginning

Moving “cars” with magnet

Cars are parked
coil

Quick pulls of the magnet over the

The Second Puzzle is in the closed part of the safe. There is a glass cylinder (4) there, which is
closed with a seal (12) on the top, only connected to the outside with two plastic tubes that exit
the safe on the top (1.6). The short one (10) is closed with a valve so it will only be possible to
flow through in to the cylinder. The longer one (11) is opened, but closed with a ball (8) with
holes so the end of the tube it is not reachable. Inside the cylinder there is a floater (5) blocking
the laser beam. It has to be lifted with buoyancy. Water must be poured into the cylinder using
the syringe (2) and the shorter tube. But the buoyant force is not big enough, so the volume of
the floater must be increased. We do that by decreasing pressure around the floater, so the air
in the floater expands and, because the top is an elastic membrane, it increases the volume and
with that the buoyant force increases (as well).
We decrease the pressure with hydrostatic pressure in the longer tube. We fill both, the tube
and the cylinder, with water and then lower the longer tube (together with the bucket) for at
least 0.5 m below the safe. The floater expands and floats up, the laser hits the photo-transistor
and the safe is cracked.
For excluding other options of decreasing the pressure (with lungs or syringe) there is a bicycle
valve in the shorter tube (3), and a porous ball (8) at the end of the longer tube.
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Water is poured into the cylinder

Buoyant force is not big enough
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The pressure in the cylinder is decreased
with hydrostatic pressure in the longer tube.

The floater expands and floats up.
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Safe Description
Before devising locking mechanisms and selecting physics concepts for our safe, we had to
come up with an overall theme to keep us on track. We were inspired by our home state of
Arizona, USA, and decided to base our safe off of what makes Arizona unique. Arizona is wellknown for its mining industry, especially for copper mining, so we incorporated copper, both in
the pennies used to weight the rotors in the left chamber and in the bar used to move the
pendulum in the right chamber. We also used metals such as aluminum, nickel, iron, and brass
(an alloy of copper and zinc) throughout our safe, and felt they were best highlighted by a dark
background. We chose to paint the interior black like coal, since coal is another natural
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resource found in Arizona. The unfinished exterior represents the color of the sandy Sonoran
Desert. The rotors are gold like the intense Arizona sun and are engraved with “rays”.
Our safe is divided into two chambers, one for each of our two physics principles. The first
concept we chose is magnetic induction, or using a current to create a magnet. Our second
chamber features the loss of magnetism in certain metals caused by direct heat.
In our right chamber, a pendulum consisting of a metallic conducting wire and a circular magnet
hangs from the top wall. On each side wall, there is a labeled metal plate: aluminum on the left,
brass on the back, and iron on the right. The bottom of the chamber holds two smooth acrylic
plates. The front of the chamber is covered by clear acrylic so that it is impossible to reach
inside the chamber. The only point of access is a small gap between the two smooth acrylic
plates at the bottom. The burglars are provided with three metal bars brass, aluminum, and
copper and are able to slide and move the bars in the gap at the bottom of the chamber.
The three bars were chosen because they are not ferromagnetic and not attracted to a magnet.
When each bar is moved, though, it picks up an induced (eddy) current that begins to attract to
the pendulum magnet. The brass and aluminum bars move the pendulum slightly, but the
induced magnetism is not strong enough. The copper bar, however, visibly makes the
pendulum move much more easily. The length of the pendulum string creates a natural period
of about one second. To maximize the amplitude of the pendulum, burglars will intuitively
match that period.
The objective is to connect the pendulum magnet to a plate to complete the first part of the
circuit. The burglars might try to move the pendulum towards the aluminum or brass plates,
but these plates will not effectively attract and hold the magnet. Since iron is ferromagnetic,
the iron plate on the right easily attracts and holds the magnet. The burglars can swing the
magnet with the copper bar until it moves far enough towards the right to make contact with
the iron plate.
By connecting the pendulum to the plate, the current can go through the pendulum wire,
magnet, and iron plate, thus completing the first portion of the circuit. This first chamber is
wired to the second chamber, which contains three rotors on a single axle, all of which are
weighted so that once they have been released from their initial position when the nickel strips
are heated using the lighter, they will align with each other. Once aligned a metal rod can be
inserted through the three rotors to press the button at the back of the box, completing part of
the circuit and eventually unlocking the win chamber. The rotors are initially held in a
temporary position by magnets attached to each by a thin wire. The magnets are attracted to
the small piece of nickel positioned below each rotor because of ferromagnetism.
Ferromagnetism is the characteristic of certain metals to, like iron (after which the term was
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named), turn into a magnet in the presence of other magnets. Here, in the presence of the
magnets attached to the rotors, the nickel strips become magnets. The same takes place on the
other side, with the strips of iron. To break this connection and align the three rotors one must
use the lighter provided to heat the pieces of nickel from below. Once the nickel reaches the
temperature of 353 degrees Celsius, which is its curie point, the strips will lose their attraction
to the magnets and the rotors will be released. If one were to attempt the same with the iron
strips, nothing would happen, since they would be unable to heat the iron strips to their Curie
point.
Breaking the magnetic attraction is possible due to the Curie point of a nickel. The Curie point
of a metal is when the metal reaches a certain temperature; the heat energy causes electrons
to vibrate violently. The distortion of the magnetic field produced by the electrons resulted in a
temporary loss of the metal’s ferromagnetic properties until the metal cools down to a
temperature below the Curie point. We tried using steel and iron screws initially, but found that
their Curie point was too high to be reached with a household lighter. After some research we
found that nickel had a suitable Curie temperature. We tried different shapes of nickel, initially
using thin strips, then testing small chunks, but ultimately deciding on thin strips.
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Goal of the safe:
Unlock a latch that will then open an acrylic box which contains a mystery prize!
Provided materials:
●
●
●
●
●

Salt
Water
DC power supply
A cell phone
Electrical cables with alligator clips

Step 1: Electric Current Water Box
In this step, the safecrackers send an electrical current from the power supply through an
acrylic box filled with saltwater. By connecting power cables to metal terminals in the box and
adding the correct amounts of salt and water (through holes in the side of the safe), current will
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be carried through the box. The current will eventually help power the electromagnet in step
three.
Step 2: Tip the Scale
The second step contains a scale, a ramp, a fan, and two speakers. The crackers must power the
speakers and the fan to move salt onto a scale. The fan gets connected to the power supply,
turning it on and allowing it to blow air down the ramp in the direction of the scale. The
speakers (attached to the bottom of the ramp) will then be plugged into a phone running a
sound frequency generating app. The frequency levels should be adjusted to discover the most
efficient frequency that, combined with the fan, will move the salt down the ramp into the
higher end of the scale. This will result in the scale tipping, lifting two separated washers and
connecting them, completing the circuit running from the power supply.
Step 3: Unlock the box
Once the circuit is completed, it powers an electromagnet which the crackers use to unlock the
box. The electric current runs through a wire coil, magnetizing a metal rod placed inside. The
magnetized rod is used to lift a magnetic metal latch and unlock a small box inside the safe. The
safe has a hole on the side to allow the lid of the box off to be pushed off, revealing the special
prize inside the box. This is the last step, completing the safe!

The saltwater box

The ramp, fan, speakers, and scale
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The electromagnet and locked box
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Safe Description
The contestants are given cones, glue, tape, earphones, wires, two 9V batteries and a prism.
For the first challenge, the contestants must use two cones and glue/tape. The contestants
have to connect the two cones together at the rim of the cones. They then place the object on
the flap and push it onto the slope, and the object will start to move up the two rods and the
key is to keep the end of the cones on the rod and to push the two rods together so as to keep
the centre of mass travelling down and to maximise the distance travelled up the rods to
ensure it reaches a laser, which is set up at the end of the slope. The object will obstruct this
laser, which would trigger the first two digits of the code to appear on the side of the safe. For
the second challenge, there is a laser in a fixed position that can't be moved. They must connect
the headphones, two 9V batteries and an LDR in series, using the wires. However, there is also
be a fixed prism (in between the laser and the LDR) which, at that moment, will reflect the laser
beam so it does not hit the LDR. To solve this, they must add the prism they have, but still the
light will reflect, so in addition they must place a bit of water on the second prism and then
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push them together and thus the light will flow straight through, hitting the LDR, but it will not
be focused enough. The final step is to add a piece of tape onto the plastic which is next to the
laser, which will focus the light onto the LDR and reveal the second two digits of the code. They
input the four digits into the padlock, which reveals an acrylic pyramid above an iPod that
results in a celebration hologram. Challenge complete – safe cracked.
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Riddle #1
On the top of the safe, there is a breadboard and a number of electrical components; two
orange wires inputting the current, four diodes, a capacitor, several extension wires and two
wires outputting the current. The AC input has to be converted into an unregulated DC output
by putting together a full bridge rectifier. This simple circuit, used in almost all wall adaptors, is
able to convert an AC voltage to DC voltage using 4 diodes and a capacitor in this configuration.
When this task is complete, it is detected with a custom circuit that activates lasers to allow the
second riddle to be completed. The breadboard riddle incorporates the use of various electrical
concepts including electric potential, capacitance, direct current (DC) circuits, alternating
current circuits (AC) and diodes.
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Riddle #2
The second riddle requires the crackers to solve a geometry problem that requires the
understanding of mirrors. More precisely, the cracker needs to know that the angle of
incidence is equal to the angle of reflection. This property of mirrors is demonstrated on the
top part of the map, as it shows a light ray hitting a mirror from an angle of 45°, and bouncing
off the mirror at the same angle. The bottom part of the map represents the problem that the
cracker has to solve. It is the same as the image above it, except that the mirror has now been
tilted by X°, and is in contact with the ground at an angle of θ°. Crackers must solve for these
two unknowns, done by the following procedure:
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To calculate X:
1. Because the two dotted lines are parallel, alternate interior angles are
equivalent. Therefore, the angle between the top dotted line and the reflected light ray

2.
3.
4.
5.
6.

measures 20°.
The angle between the incident ray and reflected ray is 135 + 20 = 155°.
Because the mirror is flat, all angles along it are supplementary. Therefore, 180 - 155
= yi + yf = 25°.
Because the angle of incidence of light is equal to the angle of its reflection, yi = yf =
25/2 = 12.5°.
The angle between the top line and the incidence ray is 180 - 135 = 45°, since they are
supplementary angles.
Since yi = 12.5°, x = 45 - 12.5 = 32.5°.

To calculate θ:
Method 1:
Since the sum of the angles of a triangle add up to 180° and we know that yf = 12.5° (see how to
calculate X), θ = 180 - 20 - 12.5 = 147.5°.
Method 2:
Since the dotted lines are parallel, the angle that is supplementary to θ = 32.5°, as it is a
corresponding angle with x. Therefore, θ = 180 - 32.5 = 147.5°.
Once the crackers have solved this riddle, they are able to align two mirrors to reflect
the lasers (activated in the first riddle) onto their corresponding photoresistors, opening the
safe.

21

Safe Description
The basic structure of our safe is a four-sided wooden box with two glass bowls suspended over
the middle on the inside. We created the safe so that it is not possible to physically touch the
bowls because we fastened a plexiglass cover over the top and cut out a space just large
enough for a funnel to fit in it. The safe is painted on three of its four sides, consisting of a Texas
flag, a Star of David, and our school logo (the Emery Jaguar). On the side with the school, logo
there is a light sensor located near the top of that side. The light sensor is powered by an EV3
Lego Mindstorm robot. Opposite of the light sensor there is a laser near the bottom of that side
fastened at an upward angle. Outside of the box we have a platform with two vacuum-sealed
containers attached to it, both filled with 50 pipettes and a different liquid. One contains
hydrogen peroxide and the other contains water. One of the objectives of our safe is to convert
the liquids into the bowls inside the safe through the funnels on the top. In order to do this, one
must extract the air from each container with a provided pump and when the air pressure is
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released, each pipette is filled with the liquid. Once the pipettes are filled with each of the two
liquids (50 containing hydrogen peroxide and 50 containing water), the contestants are then
faced with the task of determining which liquid goes into which bowl. This is when our primary
physics concept, the index of refraction, is used. The index of refraction is the measurement of
how light bends through a medium, and in our safe the medium are the bowls filled with the
liquid. If done correctly, the first bowl should be filled with hydrogen peroxide and the second
filled with water. The order of the liquids is important because hydrogen peroxide has a greater
refractive index than water. Once the laser shines through the bowl with hydrogen peroxide, it
will bend through the bowl with water, then bending the laser downward towards the light
sensor. Once the laser hits the light sensor, the Mindstorm robot will verbally reveal the code.
Lastly, the contestants will use this code to unlock a combination lock on the side, thus cracking
our safe.
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Safe Description
The first component of the safe is an analog synthesizer capable of produce both a square wave
and a skewed triangular-square wave hooked up to a speaker via an amplifier. The frequency of
the wave, its amplitude, and its type can be changed via a panel on the front face of the safe
fitted with two potentiometers and a switch. A petri dish with a viscous liquid is set on top of
the speaker, and produces Faraday waves upon a wave being issued from the synthesizer. The
opponents are given a picture of the required Faraday waves, and they must determine the
correct frequency and amplitude to achieve the correct Faraday wave layout via manipulation
of the switches and the potentiometers.
Upon finding the correct Faraday wave settings, the Bernoulli pump is activated and the
solution (water and varying concentrations of crystal violet, also known as gentian violet)
begins flowing up through the pumping mechanism and into the Bernoulli’s setup. In this setup,
the opponents are given nozzles of different diameters to change the velocity of the output
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stream via Bernoulli’s principle. Beneath the Bernoulli’s box is a row of four funnels connected
to selectable electronic components (Selectronics), which consist of a colorimeter (COL), a
pressure sensor (PRS), a flow rate sensor (FRS), and a temperature sensor (TRS). The
opponents, supplied with water and crystal violet additive, must determine that the selectronic
to hit is the colorimeter (COL). The team is then provided with an absorption spectrum that
must be achieved by changing the concentration of crystal violet in the solution via a mail slot
in the right face of the safe. Once the required concentration is achieved, the colorimeter
responds to the computer, which in turn causes a prize drawer to open and thus the safe is
cracked.
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How to crack the safe











Use hair dryer through hole on left of safe.
o Position such that air spins fan, unlocking the top.
Rotate top, revealing holes.
Disconnect electromagnet with button, releasing ping pong ball, which falls into cup.
Spin cup, and using centripetal force to lift ball from cup.
o If needed, use strong magnet along bottom of safe to pull ball along, and out of
hole.
Place ball in large hole on top, so that it falls into container on top of piping elbow.
Use hair dryer on bottom of elbow (on exterior, right side). Blow into hole on top where
ball was placed.
Collect ball bearing from left side.
Place ball bearing in Gauss Gun, and load.
Release ball bearing, and Gauss Gun shoots bearing into foam noodle, guiding it into
cup, completing circuit and activating cup.
26

Physics










Hair dryer
o Electrical energy transformed into kinetic energy, which is transferred to blades
of fan, spinning bolt.
Electromagnet
o By disconnecting the circuit, the electron domains are no longer being aligned,
and the iron rod demagnetizes, weakening its hold on the ball, which therefore
falls due to gravity.
Centripetal Force
o Using centripetal force in rotating the cup, the ball inside starts rotating too. As it
gains speed (the greater the force, the greater the speed), a component of the
normal force acting on the ball provides a force up on the ball. This force makes
the ball rise inside the cup until the top. Once there, the normal force stops
acting on the ball, and the ball moves out of the cup with the tangent velocity
achieved in the circular motion.
Bernoulli’s Principle
o The hair dryer creates an upward suction on the ball. By blowing in the hole
along the top, the net suction of the air goes through the side hole, so the ball is
therefore sucked out into the PVC for the ball exchange.
Gauss Gun
o The balls are loaded such that they are all aligned along for first magnets. By
releasing the first ball, it is pulled toward the next magnet ball set at a higher
velocity that compounds itself.
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Safe Description
The safe is split into two sections, labelled “Part 1” and “Part 2” respectively. Each of these
sections is a clear, plexiglass box of equal size, with a bottom and four sides.
The first compartment has 3 full sides, and one side that has a portion that opens out with a
hinge about ⅔ the way up the wall. The vessel also has a top panel, with a hole in its center
through which a plastic rod can be inserted. The compartment contains a tuna can with a small
piece of aluminum foil on top of it. Under this sheet of foil is one number of the code.
The two compartments share one central wall. This wall has a whole in it, in which a laser
pointer is fixed, parallel to the ground. The laser is pointed to the back wall of the second
chamber.
The second compartment is a watertight chamber filled about halfway with water. This
compartment has an open top. A bundle of seven candles is placed in the center of the vessel,
on a small podium. The tops of the candle bundles and the laser pointer are both exposed over
the water level.
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Apart from the safe itself, the crackers will be given a number of items. They will have a pack of
Five gum, cotton balls, a small metal container, a pair of gloves, two Energizer double A
batteries, scissors, and a plastic rod. Additionally, they will have a square piece of plexiglass,
with the same dimensions as the open top of the safe. There is a large, clear cylinder glued to
the square piece of plexiglass.
Explaining the Physical Principles:
A. Electrostatics
a. The plastic rod must be rubbed on hair to transfer electrons from the hair to the
plastic rod, charging the rod negatively.
b. The charged rod then goes through the hole and attracts the aluminum foil. The
aluminum foil is a conductor. The neutral aluminum foil will then polarize when
the charged object is brought near it. Because the dipole is a conductor, the
charge is free to move, therefore the electrons will move further away from the
negatively charged rod. When the electrons move away, the closer side of the
aluminum foil will be attracted to the rod. The aluminum foil will move closer to
the rod. The holder of the rod can then lift the rod off the floor as the force
electric will be stronger than the force of gravity.
B. Thin wire/conductive path has higher resistance
a. The gum wrapper has aluminum on it. The crackers need to cut the gum wrapper
in a way that will minimize resistance in order to ignite it. The gum wrapper has
to be cut thick on the ends and very thin in the middle.
b. The main reason it works is due to the current passing through a point of
relatively high resistance (the thin portion created from the corner cut) which
allows a lot of power to be dissipated into the wrapper. This energy ends up
being converted to heat, thus a flame is started. The paper backing of the
wrapper allows the fire to catch.
C. Refraction
a. Refraction is the bending of a wave when it enters a medium where its speed is
different.
b. The laser shoots a beam of light that begins in the air. If the crackers have
correctly raised the water level, then the beam will refract (quantitatively
according to Snell’s Law) from the glass through the water and through the glass
back to the air. This will refract the beam to the correct code (number) on the
sheet of numbers.
How to Crack it:
1. Rub the plastic rod in someone’s hair to charge it negatively.
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2. Slip the rod into the hole on the top of Chamber 1. The piece of foil should be attracted
to the rod, so the participant can use the rod to move the piece of foil off of the tuna
can to reveal a number. This number is the first number of the code.
3. Cut a gum wrapper so that it is extremely narrow in the middle.
4. Attach each end to two sides of a battery to ignite a flame in the middle of the wrapper.
5. Use that flame to create a bigger flame in the cup with the cotton balls inside.
6. Use this flame to light a long match, and use the match to light the bundle of candles in
Chamber 2.
7. Close the top of the safe with the cover with the glass tube so that the cylinder's open
end is immersed in the water, and the lit candles are inside of it. Make sure that the
cover lines up with ???
8. The water should rise, and when it does, the laser will refract to reveal the final two
numbers of the code.
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Safe Description
Our safe consists of two parts. The first one is a wooden box in the upper part of the safe. The
box is completely closed, except one single hole (1 mm wide). Inside the box, on the opposite
side of the hole there are three sets of four LED lights. Each set represents an encrypted digit.
All three digits make up a number, which is the resonance frequency of the tuning forks in the
second part of the safe.
In the second part, there is a ping pong ball hung on a string. The ball rests on the tuning forks.
In front of the tuning forks, there is a speaker, which produces a tone whose frequency can be
adjusted by the safecrackers. There is also a laser, whose beam is within the ball’s reach. The
laser beam shines on the fotoresistor, which will release the safe’s key from the electromagnet
when the laser beam is blocked.
Safecrackers are given a plastic cup with a paper bottom, a big blanket and a list showing all 10
LED combinations and their corresponding digits.
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How to open the safe
In the first part, the wooden box works as a camera obscura. The safecrackers must cover
themselves with a blanket, project the picture on the plastic cup’s bottom and then invert it
correctly (inversion in a point – over X and Y coordinate axes) in order to find the right number
– 418 Hz.
The number we get represents the resonance frequency of the tuning forks. The safecrackers
must set the speaker’s frequency to 418 Hz and turn the speaker on. The tuning forks start
oscillating and the ball starts bouncing. It will bounce far enough when the safecrackers use the
plastic cup to amplify and direct the speaker’s sound and cover the safe’s entrance with the
blanket. Then the ball will block the laser beam, which will turn off the electromagnet and
release the key.

32

Safe Description
The safe is based around a basketball theme. It is made up of mostly acrylic, and has thereafter
been decorated in relation to the theme. Once the first riddle is solved, it powers on a laser
giving the burglars access to the second riddle. When this is in turn solved, a code shows on the
OLED screen to allow access to the safe.
First Challenge: Shooting’ Hoops
On top of the safe are eight miniature “basketballs” painted orange with a black dot on one
end. Only four of these balls contain magnets, the rest are simply steel. By seeing which balls
repel the others (not simply attract) the burglars must determine which four are magnetic.
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Once the four magnetic balls have been isolated, the burglars must determine their polarity
relative to one another. Each ball is marked with a dot on one pole for ease of reference. By
seeing which ends repel/attract each other, the burglars can identify which sides of the balls
are like poles (the exact sign of the pole – N or S – is not important so long as the poles are
lined up correctly).
Around the safe are four acrylic hoops, which contain a visible insulated wire coil within. The
burglars must look at each coil to see in which direction it is coiled. When one of the magnetic
balls is dropped through the hoop, it will induce a current in the coil due to Faraday’s Law.
Due to Lenz’s law, the direction of the induced current will be such as to oppose the motion of
the ball. Therefore. The direction of the current in the coil depends on the orientation of the
ball as it is dropped.
The coils are assembled in parallel with an ammeter measuring the total current. If the balls are
dropped simultaneously in the correct orientation then this will generate a large current.
The ammeter will determine whether they have done this successfully by examining the total
current.
Once this is done, a passcode is given, enabling the burglars’ access to the second riddle by
opening a padlock and gaining access to the laser.
Second Challenge: Match Day
The second challenge takes place on two ‘basketball courts’. The first hoop has a backboard
which contains a normal filter (see diagram 2) which the laser can pass through, but the next
two (see diagram 2) hoops have polarized filters perpendicular to each other such that no light
can pass through. The final hoop has a diffraction grating instead of a filter. On the side the
burglars are given three ‘spare hoops’ with polarizing filters in the middle, which will become
crucial in solving the challenge. After this there are two LDR’s on the back face of the safe.
Upon turning on the laser, which is fixed in place it shines through the normal filter on the
backboard but does not pass through the pair of polarized filters that are perpendicular to each
other. These two basketball hoops can move forward and backwards as can the diffraction
grating (through the system in diagram 3). In order to crack this challenge the burglars must
move the middle hoops apart. They must then insert a spare hoop in the middle of these such
that the polarizing filter is at 45 degrees to the other two. Therefore, the laser will pass
through. The burglars must then move the diffraction grating so that the light from the lasers
hit the LDR’s. If this is completed then a code will show on the LCD screen to enable the padlock
to be opened.
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Equipment given to the burglars:
Hollow balls that can be opened and closed.
Honey.
Power supply
Small pieces of metal
Small spherical weights.
A kettle.
A glass bottle with a built in plug.
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Part I:
The first part made up of track which a ball needs to move on, and near its end there’s a box
with a fluid. Inside the box there’s a floating object with an electrode, and above it a piece of
aluminum. The purpose of this part is to close a electrical circuit, and for this reason the
burglars need to raise the fluid’s level so the electrode will touch the aluminum and close a
cirucit. In order to do this the burglars must make sure that the ball that will be put on the track
will actually fall into the box and won’t skip it. It’s possible by putting enough honey and a
weight inside the ball. As a result, its movement will be slower, and the ball will successfully fall
into the box and the raise the fluid’s level.

Part II:
The second part consists of a box with milk, and underneath it a note with a code is placed. The
burglars need to reveal the code. The electrical circuit from the previous part is connected to an
electromagnet which will push a little the roof of the second part’s area. Through it the burglars
are able to insert the glass bottle into the milk box. Before doing so, the burlgars will need to fill
the bottle with hot water from the kettle, and then to empty it. This will make the air in the
bottle hot, and now the bottle can be used to draw the milk out of its box because the air in the
bottle will get cooler, and a vaccum will be made. The milk will be drawn and the code wil be
revealed.
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The safe is divided into two parts.
In its initial state there are water in an aquarium on the right side. Beneath the aquarium there
is an electromagnet which is turned ON. The electromagnet is connected to a metal strip which
is used as a switch that can open this circuit and prevent the effect of the electromagnet, which
holds the key of the safe in place.
The unlockers must use a transparent pipe which is connected to the safe and goes into the
aquarium, the water inside it will be pumped out of it by using “Communicating vessels”: The
unlockers must pour water into the pipe and fill it almost entirely, then quickly put it back in the
jerrycan. That’s how most of the water inside the aquarium will be pumped out, the float which
has a magnet inside it will magnetize the key.
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On the left side of the aquarium there is an empty container and inside it and a float of
Styrofoam which is glued to a metal rod and trapped in a rail. If and when the water will be
poured into the container through another pipe connected to it, the Styrofoam will float up the
rail and cause the pulling of a string which is tied to a door on the left side of the safe that is
also placed in a rail. This will get the door to move left and a magnet will fall out of a plastic
slide through a square hole on the left side of the safe as well (the hole is hidden beneath a
cardboard tunnel.
When the magnet will fall to the hands of the unlockes they have to place it correctly in the
right position on the generator. After they will pump the water out of the container using
“Communicating Vessels” again and pour the water back into the aquarium, the unlockers
should spin the generator’s wheel. This action will create an electric current that will make a
small metal bar to be pulled inside a smaller electromagnet on the right side of the safe. Since
the metal bar was connected to a metal strip which is used as the switch of the circuit of the
larger electromagnet, the pulling will cause the opening of the circuit and prevent the effect of
the electromagnet.
The key which is magnetized to the float in the aquarium will immediately float to the surface,
and then the unlockers have to use a wooden sword with a hook to fish out the float along with
the key to unlock the safe.
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