
 
 

The final stage of the 24th International Physics tournament took place at 

the Davidson Institute of Science Education on April 10th, 2019. 

 19 teams competed in the tournament, 5 teams from Israel and 14 

from abroad. The countries who took part in the tournament were: Hong-

Kong, Canada, Romania, Argentina, Slovenia, Angola, UK and USA. 

  

On April 11th, 2019 there was a closing ceremony for the tournament where 

prizes were given to the top three winning teams. 

  
The top three teams were: 
 
  

1st  place  –  Tanenbaum Chat, Canada 

2nd  place  –  Šolski center Škofja Loka, Slovenia 

3rd  place  –  De Shalit High School, Rehovot, Israel  

 

 

 

 



Safes Descriptions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Description of the Safe - Tanenbaum Chat, Canada 

The safe is a replica of Thor’s Hammer and has two key physics puzzles to open it. The 

hammer is on top of a base. Each of these components is connected to each other via an 

electromagnetic lock with 600 pounds of force. The lock will only be disabled when both 

puzzles are completed. The first puzzle is located in the top of the safe in the handle. The 

top of the handle of the safe twists off revealing a specially printed 3d piece that serves 

as an airfoil. Removing the piece manually is impossible, rather if the burglar blows on 

the piece it will pop out of the handle revealing a button. The 3d printed piece has a 



longer surface than the bottom. This causes air to move faster on the top and slower on 

the bottom creating a higher-pressure zone on the bottom of the piece. This high-

pressure zone causes the piece to pop out of the handle. This principle is known as 

Bernoulli’s principle and is fundamental in many modern technologies such as the flight 

of aircraft. Pressing the revealed button will causes two locks to disable one side of the 

hammer and opening the hammer. Inside the hammer there is a compartment with a 

photoresistor hidden behind a wheel with a needle attached to it. This compartment is 

visible but cannot be touched by the burglars. The needle of the wheel is facing towards 

a set rare earth magnets. The burglar is provided with a lighter. Using the lighter on the 

needle will causes the needle to demagnetize. This loss of magnetization will cause the 

wheel to shift downwards as a result of the force of gravity. By getting the wheel to turn 

it will reveal the photoresistor. The burglar will use the provided laser pointer to point at 

the photoresistor. This will disable the electromagnetic lock connecting the base of the 

hammer to the ground and allowing for the hammer to be lifted. The needle becomes 

demagnetized when heated up as a result of the Curie Temperature. When materials 

reach a high enough temperature, they demagnetize because their atoms and electrons 

reorganize themselves in a non-magnetic manner. The needle is made of iron so it will 

no longer be ferromagnetic when heated to approximately 770 degrees Celsius. After 

the puzzles are complete, the electromagnetic lock in the base of the hammer will be 

disabled allowing the hammer to be lifted. This will reveal an “infinity stone” the prize 

for cracking the safe. 

 



 

 



 

 

 
 
 
 

Name of the safe: Cruise 11 

 

1. Picture and scheme of the safe 



 

 

 

 

 

 



2. A detailed description of the locking mechanism (up to 450 words) 

 

The safe consists of 2 tasks that need to be solved out in a row. 

1st task 

1. With the regulation of the water level, the laser reflection is directed at the 2 sensors, the 

water level in the vessel is changed by means of another vessel connected to the first one. We 

solve the task in two steps. 

1.1. A bottle with a drilled hole on the bottom is included as a gadget. The hole has a special 

purpose, the competitors will have to dip the bottle with a head down into the first vessel, 

which is connected by a tube with the vessel on the other side of the safe lit by the laser. When 

the bottle is completely immersed in the water, it is necessary to clog the hole, then the bottle 

needs to rise out of the water. Due to the vacuum the water will rise inside the bottle and 

consequently, the level in both containers will decrease and the laser will be diverted to the first 

sensor. 

1.2. In the second step, the level in the containers must be lowered. For this it is necessary to 

immerse the bottle in water with a clogged hole on the top. Since the air in the bottle has 

nowhere to go, the bottle will dislodge the water, and the water level will rise in both vessels. 

The laser will hit the second sensor at the right height of the water. When the laser will hit both 

sensors in the correct order, the condition will be fulfilled and the first task will be solved. In 

front of the safe, the magnets that are needed to continue with the task will fall through the 

slot. 

2nd task 

2. Another puzzle includes a small rotating steel rod. At the top of this rod, a sensor is installed 

to check the presence of objects. With physical knowledge, competitors will then need to put 

the magnet along the bar up through the maze of containers that serve as a barrier. 



1.1 Magnets obtained in solving the first puzzle have to be combined with the magnets that are 

already stuck to the rod, thus creating a sufficient torque which allows the magnetic rod to 

move up. Magnets can be moved up the rod by making the rod rotate with your hands. During 

this rotation, the magnet will automatically "climb" to the tip of the rod, where the sensor will 

detect it. Magnets are climbing up the rod due to the combination of the adhesive force and the 

torque force due to gravity. The torque force due to gravity will be large enough once the 

competitors merge all the magnets. When the sensor detects the presence of a magnet, the key 

falls through the opening with which the locks can be unlocked on the other side of the vault. 

The safe is open. 

 

 



3. The procedure of entering into the safe 
 

What needs to be done? What happens? 

Immerse the bottle in the water with its 

head down. 

Clog the hole on the top with your 

finger and raise the bottle to the edge 

of the water. 

Reopen the hole by removing your 

finger. 

Clog the hole again, then immerse the 

bottle in the water. 

 

The magnets you get, are combined 

with the magnets already on the rod. 

Start turning the iron rod with your 

hands. 

Magnets reach the top of the safe. 

 

With the key unlock the lock on the 

other side of the safe. 

 

The bottle is filled with water. 
 

The water is lowered by the quantity 

remaining in the bottle. Because of the 

lower levels, the laser hits the first 

sensor. 

Water flows out of the bottle back into 

the vessel. 

The bottle displaces the water, the level 

in both containers rises and the laser 

hits the second sensor and the magnets 

fall from the opening. 

The bending moment of the magnetic 

rod increases. 

Magnets climb up the rod. 

 

The sensor detects the presence of a 

magnet, and the key falls from the 

opening. 

The safe is open. 

 

 

 

 

 

 



4. Safety 

 

 

We use low voltage (5 V) which is non-hazardous for touch. In order to minimize the 

likelihood that any of the competitors will direct the laser at their eyes, we will fix it on 

the safe so that no one will be able to move it. In our case, the laser will flash into the 

water surface, but because the reflection will not be complete, part of the light will 

pass through the water straight through the Plexiglas, where we will mount a 

component that will block the laser. 

 

 

5. Durability of the safe 

 

 

The main building block of the safe is a particle board, while the plexi glass is lined with metal 

supports, making the safe robust enough to endure repeated attempts while unlocking it. 

 

6. Resetting the safe 

 

 

The first task will not be needed to reset, while for the second task, the magnets will need to 

be returned to the original position, and the safe must then be reset electronically. The safe is 

designed so that the competitor can only enter the inside area in two places, so any 

complications are highly unlikely. 

 

 



 



The safe has a long flowerpot filled with water. On the left side of the flowerpot there is a 

hidden pump. On the right side is a clear plastic box covering the far right of the flowerpot 

and descending into the flowerpot blocking the open left-hand side from the closed off 

area. Above and behind the flowerpot is a sealed plastic box with a large wooden shelf on 

top of it, on top of which are three coiled tubes (each 220 cm in length) connected by a 

series of four T-shaped junctions (links). All four junctions are connected to the tubing 

system on two sides, while the third side is connected to a faucet. 

 

 

 

 

 

 

 

One side of the tubing system is connected to the pump (which is hidden along with the 

connecting pipe from the burglars) and the other side is connected to the plastic box 

above the flowerpot, allowing the water to spill back into it. All of the long coiled – coiled 

- pipes are surrounded by a clear plastic box, so the burglars can see them but not touch 

them. The burglars can only access the faucets between the pipes. 

Inside the clear plastic box covering the right side of the flowerpot, is a small test tube 

with two electric cables in it. Once the two cables are covered with water, the electrical 

circuit controlling the lock is completed and the door can be opened. The test tube is held 

by a device that keeps it in the same position at the same level as the flowerpot, as shown 

in the picture below. 



 

Behind the safe, hidden away from the burglars is the electrical circuit that controls the 

lock. The lock is an electromagnet, which is opened when a current flows through it. Once 

the test tube is filled with water, the electrical circuit is completed, sending current to the 

electromagnet. 

In addition to the basic structure of the safe, the burglars have at their disposal two short 

pipes and a roll of paper towel. 

 

Safe's solution and physical explanation 

In order to crack the safe, the burglars must complete two steps. The first stage is based 

on the difference of series and parallel circuits, while the second utilizes the principles of 

electrostatics. 

The objective of the safe crackers is to fill the sample tube by deviating the water flow. 

Stage one – connecting the resistors in parallel and increasing the current: 

The burglars are presented with three coiled pipes connected to one another. Between 

every two "resistors" is a faucet, which a pipe can be connected to. The burglars can only 



access those faucets. They may also use the two short pipes. Inside the pipes flows a 

consistent stream of water. The safe crackers must understand that they are looking at an 

analogy to an electrical circuit. Instead of electricity, water flows through the circuit and 

each of the coiled pipes simulates a resistor. 

This analogy is valid due to a couple of reasons. Firstly, all electrical circuits need a voltage 

source to create a potential difference. In our safe, the "voltage source" is the pump that 

creates the "potential difference" – pressure difference between its two sides. Electric 

current is defined as the charge per unit time in the circuit(𝐼 =  
𝑑𝑞

𝑑𝑡
). In our circuit, the 

current is represented by the volumetric flow rate, measured in units of volume per time.  

The resistance of a wire is defined as: 𝑅 =  𝜌
𝑙

𝐴
 and thus the resistance of a simple resistor 

is proportional to its length. Our comparable equation is the Hagen - Poiseuille equation: 

∆𝑃 =  
8𝜇𝐿𝑄

𝜋𝑟4  where 𝜇 is the viscosity of the fluid (water in our case – a constant figure), 𝐿 is 

the pipe's length, Q is the volumetric flow rate (our equivalent of current) and 𝑟 is the 

pipe's radius. According to this formula, the pressure difference is proportional to the 

length of the pipe, and in comparison to an electrical circuit, the resistance (which is 

proportional to the voltage) is proportional to the pipe's (or the wire's) length. The Hagen 

– Poiseuille equation relies on a few assumptions: the fluid must be non-compressible and 

newtonian, the length of the pipe must be significantly larger than its width, the velocity 

of the fluid must be constant (given by the pump) and the flow must be completely 

laminar. We do not have laminar flow in our system so we do not get the exact ratio 

between the length of the pipe and the pressure difference on its ends, as the equation 

suggests. To prove that those two variables are directly proportional also in our safe, we 

have conducted an experiment, in which we have measured the horizontal distance that 

water passes, from the moment they leave the end of the pipe until they reach the ground. 

In the experiment, we have changed the length of the pipe but kept the pressure of the 

water entering it and its height above the ground constant. From the results (displayed at 

the graph below), we can conclude that the horizontal distance gets shorter as the pipe 



gets longer. We have repeated the experiment, this time with coiled pipes (like in our 

safe), and found a similar trend.  

 

The falling distance is an indication for the current – if a larger volume of water passes 

through the pipe at the same time, its velocity is higher and so is the horizontal distance 

they pass. From this experiment we have concluded that the resistance (which is inversely 

proportional to the current) in our system is directly proportional to the pipe's length.  

To bring the stream of water to the test tube, located away from it, the burglars need to 

reduce the "resistance" of the circuit and consequently increase the current. This principle 

is based on Ohm's law: 𝑣 = 𝑖𝑅. The resistance is the only parameter influencing the 

current, as the voltage is constant and given by the pump. The burglars cannot reduce the 

number of resistors connected, so they must change the way those resistors are 

connected. The resistors in the given circuit are connected in series, so the overall 

resistance in the circuit is: 𝑅𝑡𝑜𝑡𝑎𝑙 = 𝑅1 + 𝑅2 + 𝑅3. To reduce the resistance to the minimal 

possible value, the connection must be modified to form a parallel circuit in this way: 
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If we draw the circuit now, we will see that the potential difference is the same on all three 

resistors. The resistance of the circuit is now much smaller, and is given by: 
1

𝑅𝑡𝑜𝑡𝑎𝑙
=

1

𝑅1
+

1

𝑅2
+

1

𝑅3
. After the burglars have connected the resistors in this way, and opened all the 

faucets, the stream of water will line up with the test tube on one axis, but deviate from 

it a bit in the other axis. 

 

Stage two – Deviating the stream of water with static electricity: 

The water falls back to the flowerpot in a clear, electrically insulator and plastic box, so 

that the burglars cannot touch the stream of water and manipulate it manually. To deviate 

the stream of water, the safe crackers need to charge the front panel of the plastic box by 

rubbing it with paper towel, located next to the safe on the table. After a few seconds of 

rubbing, the burglars need to remove the paper towel from the safe, and by doing so, the 

stream of water will deviate and fill the test tube. Once the test tube is filled with water, 

the safe's door will be unlocked. 

This solution is based on the principles of electrostatics. Rubbing the paper towel and the 

plastic together, causes charges to move from one to the other, and charging them both 



in an opposite charge. As long as the plastic touches the paper, the total charge in the 

system is 0 C. only when the two are separated, an electric field is created on the plastic. 

A water molecule is a dipole – it has a positive and a negative pole. Thus, the water stream 

will be attracted to the plastic, regardless of the plastic's charge.  

Why is a water molecule a dipole? A water molecule, 𝐻2𝑂(𝑙) consists of two hydrogen 

atoms and one oxygen atom, connected in a covalent bond. Due to the larger 

electronegativity of the oxygen atom compared to the hydrogen, the shared electrons are 

located closer to it, causing a negative induced charge on the oxygen atom and positive 

on the hydrogen atoms. Because of that and because of the geometry of the molecule, we 

get a small dipole.  

 



 

 

 

THE GREENHOUSE 

Accessories: 

A plastic cup, a Styrofoam ball, a plastic straw, a straw holder, scissors and a ruler with 

an integrated magnet.  



 

Task 1: 

To crack the first part of the safe crackers have to cover the 

photoresistor at the left part of the cottage (Figure 1). This can be 

accomplished by using Styrofoam ball, plastic cup and water from 

water tank. Firstly, you fill up the cup with water, put the 

Styrofoam ball on the water and release plastic cup through the 

top door of the cottage. The ball will bounce from water and fly to 

the left part of the cottage and cover the photoresistor (LDR). 

 

Task 2: 

After completing the first riddle the laser turns on. The aim of the second riddle is to 

light the three photoresistors mounted vertically on different heights in the corner 

(Figure 2). Firstly you have to cut and pierce the straw with scissors. Than you have to tie 

it and place it in a holder and sink all together in water tank. The air bubbles are 

appearing on the top of the straw. With the magnet on the ruler you move the straw 

holder. The screw on the right side of the safe is used to adjust the height of the laser 

beam. The laser beam refracts on bubbles and lights all three photoresistors. When the 

second riddle is completed, the display shows the code that opens the lock. 





 



 

 

 

 





















The Safe “Quackers” 

 

First part: Speaker 

In order to free the royal family, the first step is to unlock the glass door on the front of 

the safe.  This door is secured by a combination lock.  The combination is stored in an 

audio file which is currently playing somewhere inside the safe.  In order to hear the 

audio file, you need to build a speaker and attach it to the wire protruding from the top 

of the safe 

 

Steps to build the speaker: 

To assemble the speaker you need the coil of red wire, the two green wires, the 

neodymium magnets, and the plastic cup. 



First, attach one clip from each green wire to the protruding ends of the red coil (Fig. 1.).  

Next, attach the remaining ends off the green wires to the audio jack. Make sure that 

each clip is attached to a separate port of the jack.  For best results, attach one clip close 

to the base of the jack and put the other clip on the outer tip of the jack (Fig. 2).  If done 

correctly, this will create an electromagnet.  Now, place one or two magnets inside the 

cup.  Place the remaining magnets in the center of the bottom of the cup (on the 

outside).  The result is a stack of magnets centered on the bottom of the cup with most 

outside and a few inside.  Hold the cup by the lip on the top and bring it close to the 

electromagnet.  By touching the magnets to the coil, you can cause the cup to vibrate 

and you will be able to hear the audio file playing on a continuous loop. 

 

Second Part: Laser 

Inside the second compartment you will find a fixed laser, slits that fit refraction 

grates, a fixed mirror, a triangular prism in a stand, and a light sensor. The goal is to 

direct the laser to the light sensor using principles of diffraction and refraction.  

In its current position, the laser will not point at the mirror.  In order to complete 

part one of the puzzle, you must place the diffraction grate between the laser and the 

mirror. The light that enters the grate is diffracted and forms an interference pattern. 

This occurrence makes it seem as though there are multiple lasers rather than just one 

but in reality, there are an infinite amount of maxima caused by the constructive 

interference of the light waves. The second maximum hits the mirror and reflects. The 

reflected ray will then make contact with the prism.  

If the safe quackers leave the prism as it is (filled only with air), the reflected ray 

will enter the prism and will be refracted by the prism. The ray will then exit the prism at 

a certain angle of deviation caused by the index of refraction of air. The refracted ray 

will not hit the sensor. Once the safe quackers fill the prism with water, the index of 

refraction will change, but it won’t change enough to guide the ray to the sensor. Only if 



the safe quackers add both sugar and water to the prism, will the refracted ray exit the 

prism at the right angle to set off the sensor.  

Once the laser has been focused on the sensor for a full second, this will activate 

a motor which will open the door and release the key. 

Use the key to unlock the Jail and free the Royal Family! 

 

 

 

Figure 1. 

 

Figure 2.  



 

 

 

 

 

 

 

 

 

 





The safe is based on the following physics principles: mechanic waves and kinematics.  

Safe Description: 

Our safe is a wooden box, with two opposing faces made from Plexiglas, allowing view of 

the interior. The safe is divided into two sections by a wooden divider that splits it down 

the middle. There are two stages required to pass in order to open the safe, and they are 

separated from one another by the divider.  

The first stage consists of a system of connected springs, working as one. Half of the 

“spring” is located inside of the safe and can’t be accessed, and the other half is 

accessible. On the right-hand side of the safe, the spring is placed on an unremovable 

metal rod, which is connected to the safe from the inside. The spring can move freely up 

and down on the rod, within the height restriction determined by the length of the rod. 



There is a small opening in the safe, where this rod is located, allowing the spring to be 

held.  

On the left-hand side, the spring exits the safe through another small window. The other 

end of the spring is placed on a longer metal rod. It’s impossible to remove the spring 

from the rod. The spring can freely move on this rod as well. It’s possible to do any 

actions with the spring, such as moving or shaking it, as long as the movement isn’t 

violent, the spring isn’t being stretched over its capacity, or being removed from its 

position on the metal rods. Only once the first stage is solved, the second stage is 

accessible. 

On the upper part of the safe, there is a metal hook, connected to a lever. The objective 

of this stage is for the spring to latch onto the hook. Once done, the lever will be pulled 

down and press a button. This button is connected to the electric system on which the 

second stage is built on. Without it pressed, the second stage isn’t turned on and doesn’t 

work.  

The second stage consists of two tracks, one parallel to the floor of the safe, and one at 

downward slope. The sloped track is completely inside of the safe while the parallel track 

extends outside from the right. The two tracks are made from plastic.  

On both tracks are two kinds of gates – a photogate, and a physical barrier gate. Both 

gates are electronic. The photogate is built with a LED light and a light sensor that sends 

a signal when it doesn’t receive light. The physical gate is built with a motor and a 

connected “arm” that acts as the barrier that blocks the path. When an order is received 

from the control panel, the motor turns and the barrier lifts. Each photogate has a 

corresponding physical gate. The photogate is activated when a passing object disrupts 

the light sensor. When the photogate is activated, it in turns opens its corresponding 

barrier, and the barrier lifts so a marble ball is able to pass through it.  

  



On the sloped track, the order of the gates placed from right to left: a barrier gate with a 

fixed position, a photogate with a fixed position and two photogates with a changeable 

position. Running parallel to the sloped track, there is an opening in the Plexiglas, 

through which it is possible to move and the change the position of the two photogates 

using the handle connected to them. On the track parallel to the floor, from right to left 

are the following gates (all with fixed positions): one photogate, and three barrier gates. 

The gates are spaced equally from one another. It’s impossible to reach the gates on the 

parallel track, and change their positions.  

The objective of this stage is for the clear marble to pass through all physical gates on 

the parallel track in order to reach the opening mechanism at its end. 

Before the solving begins, the crackers are given two marbles – a clear one and a blue 

one. The two marbles have two different diameters. The two tracks also have two 

different diameters which means that each track has a designated marble. The blue 

marble fits the sloped track and the clear marble fits the parallel track. For a correct 

solve, the blue marble is to be placed on the sloped track before the clear one is 

released from the parallel track. On the parallel track, on the section outside of the safe, 

there is a slot for the clear marble to be placed. The slot is blocked by three of its sides 

by the track itself, and on the fourth by a red handle which stops the marble from being 

released. In order for the marble to be released, the red handle must be pulled down. 

This information is specified in the instructions given to the crackers.  

The opening mechanism is located on the left-hand side of the safe, at the edge of the 

parallel track. The opening mechanism is built as a tall, opened cylinder, with half a 

funnel glued to the top to make sure the marble falls in the right place. Since the clear 

marble will be stuck on the parallel track if the solution isn’t correct (the physical barriers 

don’t open in time for it to pass all the way to the end) the parallel track can be turned 

clockwise (to the right) so the clear marble can be released. The marble will fall from the 

track and onto another sloped track, this time wooden (to differentiate from the plastic 

slope). The marble is led to an opening is the safe and can be used again.  



How to open the safe: 

First stage: The first stage will be successfully solved once the spring latches onto the 

hook located in the upper part of the safe. Once hooked, the hook in turn will press a 

button which will activate the electronic components of the second stage. The correct 

solution is to create a standing wave so the spring can reach the hook. There are two 

main steps in solving the riddle. First, it must be understood that in order to create a 

standing wave, there must be a closed end on the spring. Therefore, the edge of the 

spring on the shorter rod is, must be held in place. Second, when creating the wave, the 

transition point where the spring goes from inside the safe to outside the safe, must 

stand still, and therefore be the node of the wave. In order to ensure that the wave’s 

node will be in this transition point, the wave must be created either from the edge on 

the second, longer metal rod, or from the point itself. Additionally, in order for the 

amplitude of the wave to be large enough so the spring will reach the hook, the spring 

has to be vibrated at its resonance frequency. If done correctly, a light movement will be 

enough for a big enough amplitude for solving this riddle. Forming a wave any way other 

than the two stated above, won’t create an amplitude that will be big enough to allow 

the spring to reach the hook. 

Second stage: The photogates and the barrier gates correspond with one another. 

Meaning, that when a marble passes through a photogate, its corresponding barrier will 

lift and open. Two marble balls are put on both tracks – the blue marble on the sloped 

track and the clear marble on the parallel track. The clear one travels at a constant 

velocity, while the blue one accelerates down the slope. It is to be understood that both 

balls must reach the gates at the same time.  

The idea for this riddle is based on a mechanism built by Galileo, called “Galileo’s Bells”.  

It is unknown whether or not Galileo himself created this contraption, but the idea is 

widely credited to him. Supposedly, Galileo built this system in order to assess whether 

or not an object travels down an incline with a constant acceleration. The experiment 

consists of a steeped incline, with bells down the length of the track. Galileo’s goal was 



to roll a ball down the slope and have the ball ring the bells. He would change the 

location of the bells so they would ring in an equal time period after one another. From 

measuring the distance of the bells from one another, he came to the conclusion that 

the acceleration was indeed constant. It was concluded eventually that the correlation 

between the time and place in parabolic and fits the equation: 

𝑥(𝑡) = 𝑥0 + 𝑣0𝑡 +
1

2
∙ 𝑎𝑡2 

The second riddle is an implementation of this system. The photogates are the bells in 

this analogy, and therefore the spaces between them have to be of a squared ratio. The 

first is located X cm from the start, the second 4X cm from the start, the third 9X cm. 

There is no need for calculation for solving our riddle because it is known that when an 

object travels under constant acceleration, the ratio between its time and place is 

parabolic (of a squared ration), and this is clearly known from the time-place equation. 

On the track parallel to the floor of the safe, the barrier gates stand in for the equal time 

periods that passed between the ringing of the bells. The ball on this track moves at a 

constant velocity, so it will reach the barriers (which are equally spaced from one 

another) at equal time periods. If the photogates on the sloped track are located on the 

correct distance ratio from each other, then the ball passing through them will activate 

them at equal time periods. Therefore, the barriers on the second track will also open at 

an equal time period and the balls on this track will be able to pass through.  

 



Name of safe: The Book Nook 

 

The overall themes that encompass our safe are 1) magnetic fields and 2) transfer 

of energy. In order to break into the safe the crackers must display knowledge of the 

properties of a magnetic field and its abilities to exert forces on other objects, as well as 

how a magnetic field can be induced and reduced. In the second riddle the crackers must 

demonstrate that they are aware that linear motion can be translated into rotational 

motion. The crackers must complete a series of actions based on their knowledge of 

physics in order to obtain a code to unlock the safe. 

The first requires knowledge of how magnetic fields can be weakened and 

extended.  

Challenge 1 part A makes use of the properties of magnetism to deliver a key to the 

cracker to complete part B. The first part of the magnetism riddle (Challenge 1a) includes 



an accessible magnet outside the box, held in place by a fixed track, which suspends a 

weight that delivers a key upon its release. To access the key, the cracker must 

understand that a magnet’s magnetic field is reduced when exposed to a certain level of 

heat. The cracker will ignite the provided lighter to heat up the magnet. The flame’s 

thermal energy will transfer from the flame into the magnet, demagnetizing the 

magnetic material, which in turn reduces the magnetic field which is responsible for the 

suspension of the key. This tests the cracker’s knowledge of a magnets ability to reduce 

its magnetism. 

Our box utilizes rare-earth neodymium magnets’ ferromagnetic properties to 

hold a weight in place. Ferromagnetic materials have a strong magnetic pull due to the 

uniform alignment of inherently magnetic atoms. This uniform alignment is maintained 

by exchange energy, which is when the electrons in magnetic atoms repel one another 

by aligning their spins, which aligns the atoms’ north and south magnetic poles. Applying 

heat to a ferromagnetic material overpowers the exchange reactions by transferring 

thermal energy into the atoms, causing them to oscillate with mechanical energy. When 

enough heat is applied, the exchange energy is overpowered and the atoms misalign 

from their uniformity, decreasing the attraction of the magnetic field generated by the 

ferromagnetic material. The goal of the cracker will be to heat the magnet past its 

maximum operating temperature, 80 degrees Celsius. This maximum operating 

temperature is the temperature at which the thermal energy, which causes atoms to 

move, begins to overpower the material’s exchange energy. 

When the cracker transfers the thermal energy to the magnet, the particles begin 

to rearrange, resulting in a decrease in the magnetic field. The magnet only needs to 

demagnetize enough for the weight on the other side of the fixed track to overcome the 

magnetic force.  This point is reached when the magnet is heated past its maximum 

operating temperature. To ensure the safety of this system, the magnet is placed within 

a fireproof track on the outside of the box, which can be heated. Once heated, the 

magnetic field begins to fail, and will release an attached weight internal to the box. This 



weight is attached to a looping pendulum which is released along with the attached 

weight and delivers a key to the cracker in an accessible compartment. 

Challenge 1b is the second part of the magnetism riddle. The cracker must display 

their knowledge of the reverse of challenge 1a - not only can a magnet be demagnetized, 

reducing its magnetism, but it can also induce magnetism across other objects. This 

challenge, entitled the Gaussian Linear Accelerator, employs magnetization of and 

attraction to steel to operate.  

To complete this sub-riddle, the cracker must assemble a Gaussian Linear 

Accelerator on a visible track outside the box, which enters the box through a locked 

gate. The cracker must use the key retrieved from challenge 1a in order to unlock this 

gate, so they can complete this challenge. The cracker will use the provided four steel 

balls and a neodymium magnet in order to propel a ball through the now open gate into 

an enclosed tube toward a door inside the box. They will be instructed to make an 

arrangement that will result in maximum force across the track to open the door (the 

door will require a certain threshold of force to open). The correct setup is three balls on 

the lower end of the track, followed by the magnet. The crackers then must take the 

fourth ball and roll it across the track so it will hit the magnet. When it comes in contact 

with the neodymium magnet, the farthest steel ball is propelled off the end at a high 

velocity, forcing the trap-door open. The door will not open from a force less than this 

but if the crackers were to launch a ball down the tube at a lower than ideal velocity, a 

mechanism will be in place to return the ball to the cracker. When the door is opened, it 

will break a photogate, which will trigger the unlocking of challenge 2. 

Magnetically induced momentum propagation is what is allowing this system to 

function. The system is dependent on contact between the steel balls, which is 

dependent upon the magnet. Ball one is induced to temporary magnetism by the close 

proximity of the magnet, increasing the overall magnetic field. Temporary magnets are 

made of soft metals, which only retain their magnetism when they are placed near 

another magnet. The dipolar attributes of the neodymium magnet (where the electrons 

flow in the same path on the closed loop running from the North to South end of the 



magnet) induces the steel ball to exhibit dipolarity, making it a “temporarily induced 

magnet.” This steel ball in turn magnetizes the next, which in turn magnetizes the next, 

each more loosely held to the system than the previous. This keeps our system intact, 

and once the fourth ball rolls toward the magnet, the initial magnetic field accelerates it 

at a higher velocity, launching the final ball. 

This works because as the fourth ball travels across the path, the increasing 

proximity of the neodymium magnet’s magnetic field pulls the ball across with increasing 

velocity. This high-velocity collision results in momentum propagation along the chain of 

balls. Similar to the physics of a Newton cradle, only the final ball will significantly move 

because the net force is in the direction of empty space rather than an object.  

This challenge functions similarly to our demagnetization component because 

both make use of the inherent attraction of magnetic materials and magnetic fields they 

generate. On both parts, the end result of the change in a magnetic field is a break in 

contact between the magnet and a temporarily magnetized object. They differ in that 1a 

utilizes demagnetization and complete disruption of a magnetic field, whereas 1b relies 

on temporary induced magnetism and collisions to overcome a magnetic field. When the 

ball rolls towards the magnet, it is being pulled into the system because the magnetic 

field is starting to induce a dipolar moment in the launched ball, causing the ball to 

accelerate at a very high velocity as it nears the magnet. When the ball comes in contact 

with the magnet, this new high velocity is propagated across the magnetic field, through 

each ball of the system, until it reaches the final ball where the momentum is released, 

disrupting the magnetic field in that ball. Since this complex system is the only way to 

achieve the optimal speed of a steel ball bearing and the arrangement of this system 

requires a comprehensive knowledge of the workings of magnetic fields, the cracker will 

be unable to complete this sub-riddle with common sense or trial and error. 

Overall, both sub-challenges demonstrate the crackers knowledge that magnetic 

fields can be manipulated in both directions: it can be reduced or induced.  

Riddle two makes use of the transfer of energy to deliver a code to the crackers. 

The crackers must understand that energy can be transferred and manipulated into 



different forms. In this riddle, the crackers must demonstrate their knowledge of the 

ability to transfer linear to rotational motion.      

The cracker will transfer mechanical energy from their hand into centripetal 

motion on the part of a propeller in a device called a ‘friction fan’ which consists of an 

eight-inch long board of wood with small ridges carved into one side. The tip of the 

board holds a loosely nailed fan. When the cracker rubs a rod across the ridges, they 

generate waves of linear energy, which translates into vibrational energy as the rod 

encounters the ridges. The nail at the end of the board experiences this energy in the 

form of waves, causing it to move elliptically in its round hole. This nail becomes the axis 

point of the propeller’s rotation because it is centered in the middle hole of the 

propeller, and its motion provides torque to begin and sustain the centripetal motion of 

the propeller around it. The cracker will use the provided metal rod to generate this 

energy so it can be transferred to the nail and then the propeller, by rubbing it along the 

ridges. The spinning blades of the fan will trigger the release of the final code to open 

the safe. If the cracker has no knowledge of the transfer of energy, they will not think to 

use linear motion to trigger the rotation of the propeller (which the cracker cannot 

access). With an understanding of physics comes the understanding that inducing linear 

motion onto a rigid object will result in waves of motion within the object, which 

ultimately may serve a rotational function.  

 



 

 

Drawing Breakdown:  

Riddle 1a:                         

                                           



          

 

Riddle 1b:  



 

Riddle 2: 

 

 

VERBAL DESCRIPTION OF SAFE STRUCTURE: 

 

Our safe is divided into three compartments, with a total base length of 23 

inches, a maximum depth of 11 inches, and a maximum height of 15 inches. Our middle 

compartment (10*14) is divided into 3 sub-compartments stacked on top of each other 

with respective heights of 5, 5, and 4 inches. 

The right compartment (14 inches high, 4 inches wide, and a depth of 11 inches) 

contains Steps 1 and 2 of cracking into the safe. On the front of this compartment lies a 



metal plate, 4 inches wide by 4 inches tall, the center of which contains the magnet 

track. This is where the cracker will heat up the magnet as described in Step 1. This 

compartment contains an internal mechanism which suspends a key. Once the magnet is 

sufficiently heated, the mechanism will drop a key to an access point for the cracker to 

use tweezers to remove the key. Said access point is a small hole on the side of the box, 

measuring approximately ¾ of an inch high and 2.5 inches wide. 

The top section of the middle compartment (10 inches wide, 4 inches tall, with a 

depth of 7 inches) is easily removed for access to Steps 3 to 6 (by lifting the cover, 

revealing the contents of the compartment). Inside lies a track for the Gaussian Linear 

Accelerator – however, at this point it will look like a small case (approximately 1 inch 

high and 11 inches wide running across the diagonal of this compartment). A lock holds 

its lid in place and it can be unlocked with the key retrieved from challenge 1a. Once 

unlocked, the lid can be rotated off of the case, revealing a cover perforated with holes 

running the length of the case where the cracker can insert the balls and magnets. At the 

end of the track, near the right compartment, a spring sticks out of the case, acting as a 

launcher. On the left side, a tube is placed to catch the ball after it passes through the 

photogate. 

Next, we move to the left compartment (9 inches wide, 7 inches tall, 7 deep) 

which houses the Friction Fan (Step 7). The friction fan is a narrow block of plexiglass (6 

inches long, ¼ inch thick, 1 inch tall) with ridges carved into an 6*1/4 inch side. It rests 

on another block and pokes through a hole into the bottom section of the middle 

compartment. The friction fan is movable but must be held in place to complete the 

challenge. 

The bottom section of the middle compartment (10 inches wide, 5 inches tall, 

and 7 inches long), contains the propeller portion of the friction fan, which pokes 

through the left wall in a sealed area. In this area, a piece of paper on a string lies on top 

of a stand connected by a string to the nail of the propellor. It will be pulled across the 

length of the box when the propeller is spun (via the friction fan in Step 7). As the paper 

is pulled across, it will fall into a chute on the left side of the stand which will drop it to a 



level where a tweezer can pull out the paper. There is a small hole across the bottom 

edge of the box (approximately .4 inches tall by 2.5 inches wide) where the tweezers can 

be inserted in Step 8 to retrieve the paper. The paper contains the code to the final 

master lock of the safe. 

The lid of the middle compartment of the middle section can be unlocked in Step 

9 using this code. Next, it can be slid off the box to access Step 10. Inside there is an 

open book whose pages can be turned. Under the cover of the book lays the prize.  

 

Pictures:  

Riddle 1a:  

 

Riddle 1b: 



 

Riddle 2: 

 

(Video will be shared separately) 

 

SAFECRACKING PROCEDURE – SEQUENCE OF ACTIONS TO SUCCESSFULLY BREAK INTO 

THE SAFE: 

 



Action Result 

1. Take the lighter and heat a magnet 

located on a metal plate on the front 

of the box.  

2. Use the tweezers to retrieve the key 

through a small hole at the bottom of 

the box 

3. Lift the roof of the box  

a. Note: this is accessible at any 

time 

4. Take the key from 1a, unlock the 

visible case, and swivel the lid off of 

the case.  

5. Take the 4 balls and magnet, and 

assemble them in the following order: 

ball, ball, ball, magnet, a large gap, 

and the fourth ball in front of the 

launcher.  

6. Pull back the end of the spring, which 

sticks out of the case, to launch the 

fourth ball.  

 

 

7. Take the provided metal rod and rub 

it against the ridged edge of the 

Friction Fan 

 

 

1. Releases an internal mechanism which 

delivers a key 

 

2. The cracker now has a key to open 

challenge 1b. 

 

3. Opens the compartment with 

challenge 1b 

 

4. The cracker now has access to the 

track for the Gaussian Linear 

Accelerator 

5. Ensures all the balls and magnets are 

correctly set up within the Gaussian 

Linear Accelerator, it can be launched 

to optimal speed. 

 

6. This launches the 3rd ball through a 

photogate which automatically 

unlocks the door for challenge 2, 

allowing the cracker to open the 

previously locked door.  

7. This linear motion is transferred into 

rotational motion of the spinning 

propeller, which pulls a paper with a 

code to fall into an accessible 

compartment 



8. Use tweezers to retrieve the paper 

 

9. Open the master lock (using the code) 

which is locking the floor where the Gaussian 

Linear Accelerator is resting on to the box.  

10. Lift the floor and turn the page of the 

book.  

8. The cracker now has the code 

necessary to break into the safe 

9. Once the cracker unlocks the master 

lock you have access to break into the 

safe.  

10. Congratulations! You have broken into 

the safe!  

 

DESCRIBE THE INITIAL EXPERIMENTS YOU WILL DO TO CHECK IF THE CONCEPT ON 

WHICH THE SAFE IS BASED IS FEASIBLE. MENTION EXPERIMENTS YOU'VE ALREADY 

CONDUCTED: 

 

Already conducted: 

1. average time of demagnetization of differently sized magnets (by width, shape, 

radius) 

2. average velocity of ball in Gaussian linear accelerator as opposed to manually 

accelerated ball 

3. average velocity of Gauss accelerator with respect to the size of the balls 

4. average velocity of Gauss accelerator with respect to the number of steel ball 

bearings 

5. average velocity of Gauss accelerator with respect to the length of the provided 

magnet 

6. different size and shape ridges on friction fan 

7. Material for the propellor of the friction fan 

8. The shape of propellor of friction fan 

9. Different materials to rub across the surface of friction fan 

10.  as it affects the efficiency of the propeller 



11. Stability of differently constructed magnetic tracks 

 

Need to conduct 

1. photogate sensing exact difference in velocity of magnetic ball when propelled in 

different ways (to ensure that only the Gauss/induced magnetism method will 

yield results 

2. Will applying a strong magnet to magnet in track release mechanism for key (i.e. 

loop-de-loop) 

3. reset of magnet plate 

4. reset of induced magnetism (Gauss) riddle 

5. Determine magnet shape that will lend itself to maximum acceleration (cube, 

cylinder, etc.) 

 

Consider problems with the current design of the safe and issues that may arise during 

construction. Refer to the following points: 

 

 Is the equipment you need to build the safe available to you? Note if you there 

is special equipment that you may have trouble accessing. 

We currently have all the materials and equipment we need for our safe, 

there is no special equipment we’ll have trouble with.  

 

 Are there safety issues with what you intend to build? If you plan to use a fire 

source, high-energy lasers, etc., how will you ensure that no damage will be 

caused to people and the environment? 

We will be using a lighter that will pose no danger to anyone who tries to 

use it and is intended only for a metal surface that will sustain no damage 

 Will the safe endure a large number of cracking attempts without wear and 

tear? 



    The safe can endure an indefinite amount of cracking attempts, any part that 

sustains any damage from a previous attempt can be easily replaced.  

 Can the ‘burglars’ reach a dead end during the cracking attempt or is it always 

possible to go back to the beginning and try again? 

    All steps of the box are easily reset so the ‘burglars’ can rectify any mistakes 

they have made and begin again.  

 Will the ‘guards’ be able to return the safe to its initial position within minutes 

(between cracking attempts)? 

    The ‘guards’ can all easily and quickly return the safe to it’s locked position 

within a few minutes. 

 Note additional points, if there are any 

 

 

 

 



The Physics Penitentiary – St Paul’s School 

Technical information 

 

A sketch and photo of the safe are included below. The safe enclosure is entirely 

constructed from laser-cut clear acrylic pieces joined by finger joints bonded with solvent 

cement. There is a mesh-covered square hole in the top of the safe to allow access to the 

Crookes Radiometer. The control panel is mounted on the front right of the safe. 

 

At the front of the safe is a tube section containing a marble with two servo-operated 

gates that allow for the dispensing of the marbles, in two steps. Each marble represents a 

prisoner in the safe. 



The two puzzles of the safe are separated by a soundproof wall. The first challenge is 

outside the soundproofed area. The raised ‘watchtower’ platform in the centre of the safe 

seats a Crookes Radiometer inside a decorative fence. Mounted facing the radiometer 

vanes is a proximity sensor used to determine the direction of vane spin. The ethanol 

dispensing tube is suspended above the radiometer bulb so that when the ethanol is 

dispensed, it flows in a thin layer over the bulb. 

 

The second of the physics challenges is contained inside the soundproofed section of the 

safe. Two speakers face each other, while a microphone between them can be moved 

closer or further from each speaker by the safecracker.  

 

The control systems of the safe are located entirely underneath the radiometer platform. 

They include a custom PCB, a microprocessor unit, function generators for each of the 

speakers in the second puzzle, and various custom-built control circuitry to control power 

to the the ethanol pump, lights and servos. The other items required to crack the safe are 



an assortment of types of torches (namely UV, LED and halogen) and a canister of 

compressed air (an air duster) with a long nozzle. 

 

How to crack the safe 

 

To crack the safe, the safecracker must complete the objective of releasing the marble 

‘prisoner’.  

 

Step one – Begin the first puzzle to unlock the second puzzle (30 sec)1 

 

Action 

The first step is to make the vanes of the Crookes Radiometer spin using the 

halogen torch, so a servo opens the first gate and allows the marble to fall closer 

to the escape hatch.  

                                                           
1 All timings given are approximate and represent safecrackers with intimate knowledge of the safe’s 
workings i.e. – our team. 



Principle - Thermodynamics 

The Crookes Radiometer has vanes which are dark on one side and light on the 

other. When a heating light (infrared, from the halogen torch provided) is incident 

on the vanes, the dark vanes absorb the light, becoming hotter than the reflective 

sides. The air molecules inside the bulb move from the light sides of the vanes, 

over the vane edge, to the dark sides in a process called ‘thermal creep’. This 

causes a force tangential to the edges and pushes the mill around so that the dark 

sides are trailing. 

 

Step two – Complete the second puzzle (120 sec)1  

 

Action 

As a result of the first step being completed, a monotone alarm is played on one 

of the speakers. To complete the second puzzle, the sound of the alarm must be 

‘silenced’ or reduced significantly around the microphone. This can be achieved by 

matching the frequency, amplitude and wavefunction of the second controllable 

speaker with that of the alarm speaker to cause destructive interference. The 

controls for changing the sound output of the controllable speaker are on the 

control panel, as well as a lever to move the position of the microphone itself. 

Completion of this puzzle stops the alarm. 

 

Principle – Superposition of sound waves 

The speakers are wired so that the waves they generate are out of phase. This 

means that if the frequency and amplitude and wavefunction of these waves are 

matched, they should cause perfect destructive interference and no sound should 

be heard. However, the safecracker must also be aware that the waves lose 

intensity further from the source, so the position that yields the best results is 



exactly in the middle of the two speakers. The tuning of the speakers has to be 

done by ear, and the different wavefunctions (square, sine, triangle, sawtooth) are 

easily identifiable by ear as well. The wavefunction matching is important because 

different wavefunctions spend different times at a certain amplitude – an ideal 

square wave should most of its time at maximum amplitude, while a sine wave 

varies continuously. 

 

Step three – Complete the first puzzle (60 sec)1 

 

Action 

The safecrackers must find a way to reverse the spin direction of the radiometer 

vanes. This can be done using the air duster. Holding the air duster upside down 

and spraying the pressurised propellant at the radiometer head will cause a cooling 

effect on the glass. Completion of this puzzle will open the second gate and release 

the marble from the safe. The prisoner has now been freed and the safe has been 

cracked. 

 

Principle – Thermodynamics 

The safecrackers must have sound reasoning to understand the workings of the 

Crookes Radiometer. A common conjecture from someone who does not 

understand how light causes the spin is that it is the momentum of light drives the 

vanes. However, if this is true, the reflective vanes should be trailing since that is 

where the majority of reflection (and therefore the majority of force from light 

momentum) is felt by the vanes hence the radiometer is observed to be spinning 

in the ‘wrong’ direction according to this conjecture. If the team has experimented 

with the different lights, they would have found that the halogen torch makes the 

radiometer spin the fastest and linked that it was heating, not light, that drove the 



radiometer vanes, so cooling could cause the opposite effect (this is also hinted at 

in the instructions to the safecrackers). To achieve a cooling effect, one must hold 

the air duster upside down so that when the button is pressed the liquid propellant 

inside escapes and instantly becomes gaseous, the drop in pressure causing a drop 

in temperature. Spraying the liquid onto the radiometer rapidly cools the bulb. The 

cooling causes the heating effect to stop, and the black sides cool faster than the 

reflective sides. For a short amount of time, this causes thermal creep of the gas 

inside the bulb in the opposite direction, causing the vanes to spin so that the light 

sides are trailing. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Safe Description - Ulpanat Orot 

Our Indiana Jones themed safe is divided into 2 puzzles that span 2 layers, and the entire 

safe rests on a locked base made of wood, painted to resemble a crate. The objective of 

the safe is to open this crate.  

The first layer is made of acrylic and the bottom layer is closed and made of wood. The 

top face of the safe is made out of acrylic as well, and the safe rests atop the crate and 

can be easily spun (we used a heavy duty swivel plate).  

Crackers are able to see that the first layer contains a semicircular ramp, with a metal 

ball resting on the base of each side of the ramp. The ramp area is enclosed in mesh to 

ensure that the metal balls do not roll off the ramp.  



Connecting the crate to the spinnable safe is a 3-digit lock that is labeled "Puzzle 1." 

While this lock is attached, the safe cannot spin as the lock blocks it.  

Upon completion of puzzle 1, the crackers will be able to access the bottom layer due to 

the completion of a circuit that allows the door to swing open automatically. Inside the 

bottom layer, crackers will see a cone-topped cylinder inside a gold case. 

The crate is locked with a 4-digit lock that is labeled "Final Lock." Unlocking this crate 

reveals the "prize" which is a treasure chest with jewels. 

Cracking Process  

Our safe uses magnetism, centripetal and centrifugal forces, and the Coanda effect 

combined with Bernoulli's principle. The end goal of the safe is to open up the base of 

the safe (by getting the lock combination).  

Crackers are provided with a magnet and a straw, as well as a set of instructions in which 

the goal of each puzzle is clear.  

Puzzle 1: The goal of this puzzle is to open up the bottom layer of the safe by spinning 

the safe, thereby completing a circuit using 2 metal balls. However, the safe is unable to 

spin due to the presence of a lock connecting the spinning part of the safe to the base. 

As stated in the instructions, the code to the safe is found on the top, where there are 3 

digits that appear to be eights but are really made up of magnets in the shape of the true 

digits and decoy magnets that fill in the rest of the segments, both covered in colored 

tape such that you cannot tell which parts of the digits are made of magnets and which 

are not. Using the magnet provided, the crackers must find out what the true digits of 

the code are based on which segments of the digits are magnetic. Once the crackers 

figure out the code, they can remove the lock that was stopping the safe from spinning 

and can now solve the puzzle. The crackers can see two metal balls, each on the bottom 

of one a side of a curved ramp inside the safe. On the ends of ramp are wires of a 

connected circuit, such that when the balls both get to the ends of the ramp at the same 

time, the circuit is completed and the bottom layer opens. Using centripetal and 

centrifugal forces, spinning the safe forces the balls away from the center of the safe and 



up the ramps, because the balls feel pulled along the line of the tangent velocity (as 

opposed to the acceleration, which is perpendicular), and that breaks it out of its 

uniform circular motion and up the ramp. The bottom compartment opens automatically 

in response to the metal balls completing the circuit containing an electromagnet.  

Puzzle 2: Now that the bottom layer is revealed, crackers can see a wooden cylinder 

topped with a smooth cone inside a case. The crackers are unable to lift the inner 

cylinder with their hands, due to the shape of the top and the case for the cylinder. They 

must use the straw to direct a stream of air onto the smooth cone-shaped top of the 

wooden cylinder, and the fluid pressure dynamics explained by Bernoulli’s Principle 

(points of higher fluid speed have lower pressure) and Coanda Effect (tendency of a fluid 

to stick to a surface such as the cone and suck in slower moving fluids with it) cause the 

cylinder to lift out of the case, such that the crackers can grab it easily. Written on the 

bottom of the cylinder is the code to the base of the safe, where a treasure is waiting! 

 

 



 



 

 

Phisission Impossible – HofHaCarmel Comp School 

The safe's description and solution 

 

Note: We recommend reading the cracking instructions and viewing the attached 

pictures and schematics together with the following description. 

Stage A 

This stage focuses around the part of the safe that is visible from the very beginning, it is 

divided into two “floors”: the upper floor, which is sealed from all sides apart of a small 

hatch, and contains a pair of magnets that we, the defenders, put in place before every 



cracking attempt. The magnets will be placed in a shallow hole in the floor so that after 

the initial pull of the magnets by the electromagnet the magnets could be recollected 

easily in case that they fell unintentionally. The bigger, bottom floor is also sealed apart 

of two entrances, while in each will be found an edge of a copper coil that is resting 

across the bottom floor, which in the middle of it will be placed a crumpled note that 

contains a code that will open the lock to Stage B. Also, the solvers would have access to 

a cubicle that contains a pair of batteries, the electromagnet and a phone that will 

receive the final code that will appear at the end of stage B and announce on successful 

crack. The solvers need to get the magnets by using the electromagnet. Then, they will 

have to use one of the batteries they have and connect a magnet to each side of it, 

making a "train". Doing this and inserting the train to the coil will create a current that 

will flow from the battery through the magnets to the coil part that is touched by the 

magnets and back to the battery. This current will create a magnetic field which is mostly 

in one direction. Connecting the magnets with the appropriate polarity, the magnetic 

field will push one magnet away and pull the other one, creating motion of the train 

across the coil. The field moves together with the train since the current that flows 

through one side of the train to the other is the one that creates it. 

 

Stage B  

This stage is based around a room built in the other side of the safe, with a lock locking 

the covering plank , which can be unlocked with the code gained in the end of stage A; In 

the room, we placed a pair of iron balls and an electric circuit which is built by two small 

circuits: the first contains a battery holder for two batteries, with a place for a normal 

battery and place which is too long for a normal battery to fill; The battery container is 

connected to a capacitor but there is a hole which disconnect the wires in the circuit. 

This hole will be needed to be filled by an iron ball to make an electric current flow 

through the circuit, while the other iron ball should be used to "extend" one of the 

batteries to fit the longer space. The second circuit is made of the same capacitor, only 



now as the source of voltage, and an LED screen which shows the final code. A pair of 

holes like the one from the first circuit are also there, leaving the circuit open while not 

filled. The solvers need to place the iron balls in the right holes first to charge the 

capacitor and then to discharge it into the LED screen that will show the final code. The 

code will be entered into the phone in the cubicle, which will then announce on a 

successful crack, and a win!  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Some photos of the safe and its development: 

 

 

 

 

 

 

 



The Electro-Park description  

Hello there! You have been at the arcade, with your best friends, for some hours by now. 

After playing many machines, you pay attention for a new game:” The Electro-Park”. On 

the machine there is a manual, and discover that you have a couple of puzzles to 

complete in order to win. 

The first puzzle: “The resistance Carrousel”- this ride’s goal is to move the 

potentiometer to a minimal resistance according to the direction that is shown on the 

safe behind the callipers of the potentiometer. This riddle is built of four switches (the 

way that they are connected to each other is shown on the diagram of the safe and on 

the safe) that some combinations will cause a gear engine to rotate who will rotate some 

gears that connected to the potentiometer. In this ride you would have to use your 

knowledge in the current’s direction flow, Winston’s bridge, capacitators and the 



movement of gears. Attention! Every move could cost you time as there is a delay 

system, built from a capacitator and a relay, which delays the start of the engine in some 

seconds after turning the switches, until the capacitator is not full enough. 

The second puzzle: “The Electric Fall - Extreme”- this ride’s goal is to close an electric 

circle, that is done with the rods, which are electricity conductive but not magnetic, and 

the magnet that you got in the start of the game. You have to use your knowledge on 

magnetism and electricity, current, and the force that created by the electric field. With 

all of that to move the rod on both of the routes. When you will end the routes, the rod 

will fall on two open conductors, which will close the needed circle and will show the key 

to the safe – a battery with two magnets at each of its sides, that needs to be inserted 

from the side of the safe, from the positive side of the battery – by Lorentz’s force it 

would move to the end of a coil and with the momentum it will push a micro-switch 

which will close an electric circle and open the safe. The battery is inserted from the left 

side of the safe. 

So we hope you will have a great time at “The Electro-Park”, have fun trying to breach it 

and have fun using the mighty laws of  PHYSICS. Good luck, you will need it😉!!! 





Safe Description 

The safe is built like a nice arcade machine, that the crackers play on it’ and in the end 

breach into the body of the machine. 

The first riddle – It’s an engine that is connected to a rotation based potentiometer by a 

system of gears. The potentiometer is responsible for the distribution of voltage on the 

rods of the second riddle. Only a right initiation of the engine will rotate the 

potentiometer to the minimal resistance. Attention! Only one specific combination of 

switches turned on will make the engine to move to the right direction. The engine is 



connected to a system with capacitators that delays the current through the engine, 

which all that system connected to a square of switches that as Winston’s bridge 

between the two switches lines. To protect the potentiometer from breaking because of 

the investment of force beyond the potentiometer’s breaking point, in every side of the 

potentiometer, a bit before the breaking point, there is a micro-switch, when the 

callipers pushes it, it opens the circle and as a result current can’t flow through the 

engine (the crackers has no interest in those parts). 

The second riddle – two tracks made out of rods, those tracks make an angle with the 

ground. Because of that, investment of force is needed in order to move the rod to the 

end of this ride. The goal is to move a rod, which connects those two track-rods, to two 

open wires which close other electric circle that opens the case of the key to the safe. 

The rod itself is not magnetic, but very electricity conductive, what prevents the impact 

of the magnet at any current. The crackers will see and know the direction of the current 

and on the magnet will be written exactly what pole in which direction. 

At the moment when the circle will be closed, the case of the key to the safe will be 

opened, the case is in the middle of the safe. The “key”- which is a battery with two 

magnets in each side – needs to be inserted from the positive side of the battery. It will 

move in the coil, and as a result of the force created by the battery, the magnets and the 

coil (Faraday’s and Lentz’s laws) will hit a micro-switch that would close a circle that 

would open the safe. 

 

Cracking the safe 

First Stage 

Anyone who will try to move the rod on the track in any way will understand eventually 

that his tries are not helping at all. The first thing to do is to change the potentiometer to 

the minimal resistance, according to what is written on the potentiometer and the 

rotation direction of the gears, which is changed between the gears. To do that you have 



to start up the engine in the right direction. The direction of the rotation is determined 

according to the direction of the current flowing through it. You have to pay your 

attention that between the switches and the engine there is a delay system, built from a 

special system of capacitators and a relays. To see if a combination of switches is right, 

you will have to wait approximately 9 seconds until the starting of the engine’s rotation. 

The engine’s rotation will rotate the potentiometer by a system of gears. As a result of 

reducing the resistance will cause more current flowing through the rod-tracks. 

Second Stage 

Now when enough current is flowing through the rods, according to the right-hand law 

in magnetism and electricity, a current with a magnetic field that their vectors are not 

parallel, will create a force. The force’s direction is determined by positioning a right 

hand according to the directions of the current and the magnetic field – the thumb will 

turn in the direction of the current, the other fingers will turn in the direction of the 

magnetic field the magnetic force that is created will be pointed from the direction 

which the palm will face. The rod will have to move according right positioning of the 

magnet to create a force to the right direction, in there you also have to change the 

direction of the force that is done by changing the direction of the field in the transition 

between the tracks.  

In the attached image of the safe, from top view, in the high circle, the current flow 

downwards and to make the force pointing to the right the field have to point outwards 

the image. 

In the low circle, the current is downwards as well, to create a force pointing to the left 

you have to position the magnet in a way to create a magnetic field pointing inwards the 

image. 

 

 



Safe Description - Cantilever Safe 

The Hong Kong Academy for Gifted Education 

Hong Kong Team, China  

One day, a school student, Siu Ming, was doing an experiment to investigate the vibration 

frequencies of metal rulers. He found some broken rulers with through holes and he was 

curious about how the holes on the metal rulers would affect their vibration frequencies. 

In physics, the natural frequency (f) of a cantilever beam is described by the following 

equation: 
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where  E = Modulus of elasticity, 



I = Area moment of inertia, 

L = Length of cantilever beam, and 

m = Mass of proof mass (or end mass). 

 

To make this Safe original and innovative in the International Physics Tournament, our 

Team proposes to use area moment of inertia, or in turn the natural frequency (where

f I ), as the parameter to unlock the Safe. The area moment of inertia for an arbitrary 

shape R with respect to an arbitrary axis (for example, x-axis) is related by: 

2   x

R

I y dx dy  . 

The area moment of inertia can be considered as summation of all individual infinitesimal 

small areas ( dx dy ) away from an axis (that is, the distance square to a reference axis). 

Without trial and calculations, we can priori know which cantilever has higher or lower 

natural frequency.  

 

As shown in Fig 1, essentially, traditional cantilever system consists of cantilever beam and 

proof mass. 

 

 

Fig 1. Traditional Cantilever System. 
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Our cantilever system consists of 6 identical cantilevers (identical materials, same beam 

length, identical proof mass, and same location of proof mass) except there are different 

number of identical through holes at different locations, as illustrated in Fig. 2.  To crack 

our Safe, students need to arrange the cantilevers with natural frequencies in a 

descending order. Natural frequency is proportional to I , which is the geometrical 

property of the beam area, or the individual “point area” on the beam distributed about 

an arbitrary axis. The more the area away from its axis, the higher the natural frequency.  

Let’s define 0 1 5, ,I I I = area moment of inertia of cantilever #0, cantilever #1, ……, 

cantilever #5; and 0 1 5, ,f f f = natural frequencies of cantilever #0, cantilever #1, ……, 

cantilever #5. 

Since Cantilever #1 consists of the most area on the beam, the value of I  (or in turn the 

natural frequency f1) is the highest; whereas Cantilever #4 consists of the least area on the 

beam, the value of I  (or f4) is the lowest. The second highest frequency is Cantilever #0 

because there is only one through hole and the through hole is the closest to its axis. 

That is, the sequence of cantilevers is: 

Highest Frequency    Lowest 

Frequency 

Considering the cantilevers with two through holes (cantilevers #2, #3, and #5) and their 

distances from their individual axes, the distances of centers of through holes on 

cantilevers #5 < cantilever #3 < cantilever #2, therefore 5 3 2f f f  .   

In summary, the sequence of cantilevers is: 

Highest Frequency    Lowest 

Frequency 

 

#1 #0    #4 

#1 #0 #5 #3 #2 #4 



 

Fig 2. Cantilever system with through hole(s). 

Acceleration sensors (Analog Devices Inc, ADXL203EB, detectable acceleration range: 1.7 

g, where g is the acceleration due to gravity) are used to detect the vibration motions of 

cantilever beams. Arduino Microcontroller is used to i) acquire the analog signals from 

acceleration sensors, ii) perform analysis of acceleration signals, and iii) control the 

electromagnetic lock. In analysis of acceleration signals, a continuous positive slope of 

acceleration signals followed by another continuous negative slope of acceleration signals 

are considered to be a complete vibration cycle. Parameters of 20 complete vibration 

cycles and time duration are used to determine the vibration frequency.     

 

Procedure to Crack our Safe 

The Cantilever Safe consists of six cantilevers with identical proof masses. Six cantilevers 

have different number of identical through hole(s) at different locations. To crack our 

Cantilever Safe, students need to arrange the natural frequencies of cantilevers in a 

descending order.  



To accept this challenge, students need to press the ‘Start’ button (Fig. 4a). The LED is a 

‘Ready’ status indicator (LED is on to represent ready status, whereas LED is off to 

represent busy status).  

Figure 4b is the top view of our cantilever Safe. The first step is to select the cantilever 

with the highest natural frequency by removing the corresponding supporting wooden 

block. After removal of a wooden block, the corresponding cantilever will vibrate, and LED 

turns off to represent microcontroller is busy to process analysis for frequency 

determination. This busy duration is around 3-4 seconds. Repeat the removal of wooden 

blocks until all the wooden blocks are removed.   

If the sequence of cantilever selection is correct (natural frequencies in a descending 

order), LED will blink (once per second) and electromagnetic (EM) lock will unlock. 

Congratulations! Please open the door. After one minute, EM lock becomes locked again. 

For any reasons you want to start your selection again, please press the ‘Start’ button any 

time. 

 

Fig 4a. Front View of Cantilever Safe. 
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Fig 4b. Top View of Cantilever Safe. 

Acceleration Sensors onboard Cantilevers 

Six cantilevers have different number of 
identical through hole(s) at different location 



Safe Name: Pinball 

The safe is inspired by the game “Pinball” and the arcade halls that were popular in the 

80’s. The cracking process of the safe is inspired by the game “Pinball”. First, you insert a 

coin to the safe in order to “start the game”, and then you “play” a version of pinball, 

where your goal is to insert all the balls to the right place.  

Firs stage description  

In this part the burglars receive a coin and two magnets (one of them is attached to the 

safe). The goal in this part is to get the coin to press the micro switch. 



 

 

Description of the first part of the break-in 

Firstly, the burglars will need to insert the coin into the safe and move it with the help of 

the magnet to the start of the wire. The coin will “attach” itself to the wire, and in order 

to get it to the hole with the micro switch, the burglars will have to move the magnet 

towards the hole, the coin will travel with the magnet along the wire and “float” over 

the obstacle until it will reach the end of the wire. Afterwards, the burglars will need to 

move the magnet from under the coin, this action will cause the coin to disconnect itself 

from the wire, fall into the hole, and press the micro switch. As a result of the press, two 

marbles (one large and one small) will be released from the top part of the safe. 

Physical explanation 

This part is based on the ferromagnetic principle. The coin and the wire are both made 

from ferromagnetic material (iron and nickel), materials that when found under a 

magnetic field turn into magnets themselves. Because the coin and the wire both act as 

magnets, when we get them close to each other, the magnetic force between them 

becomes stronger than the magnetic force between the original magnet (the one the 

Iron wire 

obstacle 

Hole 

(containing a 

micro switch) 

Tied magnet 

An area to 

move the 

magnet 



burglars use) and the coin. The strong magnetic force between the coin and the wire 

causes the coin to attach itself to the wire and “float” above the surface. 

Second stage description  

 

Description of the second part of the burglary 

In this part the goal is to get the marbles to press the micro switch in the middle hole 

and then release the marble with the code from the left hole. 

At first the burglars will probably try to release the marble in an arbitrary manner and 

will discover that they do not fall in the relevant holes. Therefore, the burglars will need 

to place the small marble on the small magnet (the one they received in the first stage) 

and release them simultaneously into the copper tube. Consequently, the magnet will 

slow down the movement of the marbles. At the end of the copper tube the magnet will 

stick to the moving iron plate and the marbles will continue to the middle hole and press 

on the second micro switch. 

Copper tube 

Left track (short) 

Left hole (which has 

the marble with the 

code) 

The starting position of 

the marbles (held by a 

solenoid) 

Right track (long) 

Removable wooden 

board 

Middle hole (which has a 

micro switch) 

Moving iron plate 



After the press a wooden board will be released from the left side of the safe. The 

burglars will need to insert the board to its designate place in the acrylic sheet between 

the two tracks. Afterwards the burglars will need to release the two marbles 

simultaneously; the small marble from the left and the large marble form the right. 

The marbles will collide and as a result, the small marble will change its direction, travel 

backwards, and pass in the space between the left track and the copper tube. The 

marble will arrive at the left hole (#2) and release the third marble (the one with the 

code). Using the code, the burglars will be able to complete the break-in. 

Physical explanation 

First stage – According to lenz’s law when a magnet moves through a conductor (like a 

copper pipe), a change in the magnetic flux occurs. This change 

creates an electromagnetically induced EMF and as a result an 

electromagnetically induced current is created. The current 

creates a new magnetic flux which tend to decrease the change in 

the original flux, so a new magnetic field is created in a direction 

opposite to the magnet motion through the conductor, and 

because of that, the magnets move at a constant rate and are not 

“free falling”. 

Second stage – This stage is based on the Law of Conservation of Momentum. According 

to this law when objects collide, the total momentum before the collision is equal to the 

total momentum after the Collison (momentum is equal to mass times velocity). 

Therefore, when our two marbles, which has different masses and equal velocities 

collide, their total momentum, which is in the direction of the large marble’s velocity, is 

conserved. Hence, during the collision, the momentum transfers from the large marble 

to the small one and because the mass of the marble stays the same, the change in 

momentum causes the marble’s velocity to change, and so the marble can reach the last 

hole. 



 

 

 

 

 

 

 

 

 



Our safe is composed of 4 walls made of wood and 2 walls made of plexiglass. On one of 

the wood walls, we have attached a glass in which we have a small quantity of salt. On 

the inside of the glass we have had sticked a rope. 

Also, in the glass, we have put 2 desolated metallic wires. 1 of the wires is connected to 

a source of light which will be on the wall. 

The other wire will be attached to the clamp of a battery which will be on the first wall. 

In front of the light source there is the code needed to open the safe which will be 

covered by a balloon. 

The contestants, in order to see the code, need to find a method that will bring water 

from the outside of the safe in the glass on the wall. 

This will be realised through the rope which is glued to the glass. 

The rope needs to be glued inside another glass which will be situated on the outside of 

the safe. 

Bending the outside glass easily, the water will seep on the wire till the glass from the 

inside of the safe. 

When there will be enough water, the circuit will close the light source. In order to see 

the code, one needs to break the balloon. 

This will be realized through a coil which is placed on the second wall. The contestants 

need to bring the pin near the interior of the coil. 

Through the fast open and close process of the circuit of the coil, the pin will be 

projected to the balloon. 

Contestants are not allowed to try force the batteries or put pressure on the other 

components of our safe. 



 
     

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

Box of Laws – Eltham College 

 

How to crack the safe 

To crack ‘The Box of Laws’ you must solve 2 puzzles of the safe both of which don’t 

require much skill but just patience and Physics knowledge. 

The combination to the lock is comprised of 1 code split into 2 parts, one for each puzzle.  

To open the lock you must raise two ramps (on top of pivots) which are blocking the 

hidden code. When you solve them the ramp lifts and a piece of plastic moves to show 

you the code. 



Explanations 

1st Puzzle 

The first puzzle involves the use of basic gas laws (to do with pressure) and states of 

matter of both liquid and gas. The first part of the puzzle involves extracting gas out of 

the system of the airtight container which is done by increasing the volume of the 

system by use of the syringe. Since a gas will fill any volume some of the air will go into 

the syringe and when the air is taken away and extracted from it and done again the 

total gas in the system will decrease creating a partial vacuum, inside the airtight 

container.  

Inside of the container there is a balloon attached to another airtight system on a bottle 

(sealed into the container) and since air is being extracted from the container and not 

the bottle or the balloon the volume of the balloon will start to increase. The air 

pressure decreases because the air is sucked out of the air tight container. This is 

because the particles inside the balloon always go to areas of low pressure form high 

pressure and since there is less pressure in the sealed container the air in the bottle goes 

up the balloon where there is less pressure.  

When the air is pushed back into the container it puts the air pressure back to what it 

was originally, this puts pressure back on the balloon to decrease in volume, by pushing 

the air back into the bottle. If the valve attached to the bottle was opened the air would 

just escape that way. When the valve is closed (as it should be for this part) the air must 

escape somewhere, and there is one other exit, through the straw going through the 

bottle. The end of the straw inside the bottle is submerged in water, the air exerts 

pressure on the water which cannot be compressed due to the molecular structure of it, 

so it is forced upwards though the straw and into the plastic beaker, attached to the 

ramp. The mass of the water is enough to push that side of the ramp down and revealing 

the code. 

2nd Puzzle 



The second puzzle involves rotational dynamics. You are given a can of fizzy drink and 

you must get it to go into a hole where a ramp on a pivot it which is hiding the code. 

When at the top of the ramp the can has GPE and when rolled down it will be converted 

into rotational and translational kinetic energy. If the can full of the fizzy drink is rolled 

down the ramp, it will go too fast. This is because nearly all the GPE is converted to 

translational kinetic energy (and a bit of thermal) which means that the speed is greater 

than a solid can would be as the liquid in the can is not rolling with the can. A solid can 

will go slower as some of the energy is converted into rotational kinetic energy instead 

as there will be mass trying to make the can go backwards providing more resistance, 

with a liquid the water always stays level, e.g. there is no need for energy to be wasted 

on rotating as it always stays level which means that there won’t be any rotational force 

trying to go in the opposite direction. To try and slow the can enough so it goes into the 

hole the can must be emptied of liquid and then filled with sand. When completely full, 

the sand doesn’t stay level and rotates with the can and therefore has more rotational 

kinetic energy, slowing it down and enabling it to roll onto the ramp as it is it goes that 

much slower. However, if the can is just emptied it wouldn’t work as there isn’t enough 

mass to make the ramp tilt even though it will have the same effect as if the can was full 

of sand.              

Solving the puzzles 

1st Puzzle 

Valve A = The valve attached to the airtight container 

Valve B = The valve attached to the bottle 

To complete this puzzle, you must extract air from the air tight container using the 

rubber pipe and the syringe. You must first attach the syringe to the pipe and start 

withdrawing air from the air tight container (by increasing the size of the system) and 

ensuring that valve B is open. 



The syringe isn’t enough to get the required air out in one go, so you must then close 

valve A and B (all of the way to ensure that no air can go back into the system) then you 

push the air out of the syringe and attach it back into the pipe, undo the valves and 

repeat. In total you must do this 2 – 3 times to get the required air out of the container.). 

When enough air has been withdrawn you must then open the valves. First you must 

close valve B and then open valve A (the order is very important). Air will go through 

valve A into the air tight container and decreasing the volume of air in the balloon which 

is then pushed into the bottle. Since valve B is closed the air pushes the water through 

the straw and into a plastic beaker where the straw feeds into. Which increases the mass 

of one side of the ramp raising it and showing the part of code. 

2nd Puzzle 

The second puzzle involves the use of a can of fizzy drink, and 2 ramps. To get the code 

you must raise the second ramp where the can goes onto. However, if you just roll the 

liquid can down it will roll too fast and you must collect it from the extraction point.  

To solve this puzzle, you must first empty the can by either drinking it or just putting the 

liquid into a bucket or container. If it is empty it is too light and will bounce off the ramp 

onto the collection point. So, you must fill the can with sand (to the approximately top 

otherwise it goes to fast or wont roll uniformly). This will decrease the speed of it while 

also increasing the mass of it so that when you roll the can down it is slow enough that it 

goes in the hole where the ramp is raising it and uncovering the code from it. 

 

From this you enter the code into the lock and obtain the [OBJECT] completing the safe 

 

 



 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The safe is a wooden made safe, in which we can find things like: 

 A tube to transmit fluids; 

 An inflatable balloon; 

 A metallic container; 

 A plastic container; 

 A syringe without the needle; 

 A card; 

 An ejected support; 

 Two recipients with water; 



 A recipient with carbide; 

 A recipient with salt; 

 Two keys; 

 Five button in the front of the safe; 

 The power supply (four cells of 1.5V). 

 

Our safe has three doors. The main door is an electrical door that we open with the card, 

and the others two are mechanicals that we open with the keys. Our safe is ruled by two 

Physics principles: the electronic current in an electrolyte solution... 

 

Tasks to open the safe: 

First task: 

In the first step, we remove the tube which is bent in the left side of the safe. 

 

 

We remove the bottom of the tube and we blow at it while covering the holes that make 

the air to escape what will make the balloon at the end of the tube to burst. 



 

Picture showing a hole. 

When the balloon bursts it releases the key that was within the balloon and it falls through 

a hole to the basis on which is the safe. 

 

Second task 

 

With the key taken from the lower side of the safe, we open the door located in the back 

of the safe in which we will find a recipient with water and another with carbide. 

 



 

Picture of the back of the safe showing a door on the right and a hole. 

We introduce the water and the carbide in the metallic container what will make them to 

react causing the obtaining of acetylene which is a gas. The rising of the gases in the 

container will cause the increasing of the pressure in the container. This pressure is 

needed for the elevation of the piston which is in the syringe which will release the second 

key that was fixed in the piston. 

 

 

Picture of the upper side of the safe showing the metallic container and the piston 

within the syringe and the key fixed at it. 



Third task 

 

Then with the second key already obtained we open the second door found in the same 

compartment where we found the recipient with water and other with carbide but this 

time we will remove the water and salt from the compartment of the second door. 

 

 

 

 

 

 

Picture showing the second door in the compartment of water and carbide. 

 

We introduce them in the plastic container. This will make an electrolyte solution in the 

container that will allow the passage of the electrical current in the container. 

 

Fourth task 

 

With the electrical current in the circuit we press the central button located in front of the 

safe that will rise the ejected support within the safe with the card. 

With the card obtained we introduce it in the slot located on the front of the safe 

introducing the right combination of the buttons, which will open the main door. 


