
 

 

The final stage of the 22nd  Shalhevet Freyer Physics tournament took place 

at the Davidson Institute of Science Education on March 28th, 2017. 

 26 teams competed in the tournament, 10 teams from Israel and 16 

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

Panama, Canada, Romania, Moldova, Slovenia, Angola, UK and USA. 

  

On March 29th, 2017 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  ï  DƛƳƴŀȊƛƧŀ ¿ŜƭƛƳƭƧŜΣ {ƭƻǾŜƴƛŀ 

 

2nd  place  ï  St Paul's School, UK 

 

3rd  place  ï  Eltham College, UK  

 

 

 

 

 

 

 

 



Safes Descriptions 

 

 

 

 

 

Ski-flying hill  

Ski jumping is a very popular sport in Slovenia, hence the name of our safe ς Ski-flying 

ƘƛƭƭΦ hǳǊ ƧǳƳǇŜǊǎ ŀǊŜ ǾŜǊȅ ǎǳŎŎŜǎǎŦǳƭΣ ŜǎǇŜŎƛŀƭƭȅ tŜǘŜǊ tǊŜǾŎΣ ƭŀǎǘ ȅŜŀǊΩǎ ²ƻǊƭŘ /ǳǇ 

ǿƛƴƴŜǊΣ ǿƘƻ ƛǎ ŀ ǊŜŀƭ άƴŀǘƛƻƴŀƭ ƘŜǊƻέΦ {ǘƛƭƭΣ ǘƘŜǊŜ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ Peter 



and our ball: he wants to score a distance as long as possible, and the ball, to the 

contrary, as short as possible in order to make it possible for the safe to open. 

You have the following objects at your disposal: 

o A plastic ball (d = 70 mm) filled with water 

o A 600 ml glass jar 

o A plastic tube (h º 20 cm, d = 3 cm) 

In order to open the safe, you have to solve both puzzles successfully: 

o Transformation of potential energy into translational kinetic energy. 

o Use of water to create a converging and a diverging lens. 

Task one: 

We insert the water-filled ball into the safe, so that it rolls down the slope. While rolling, 

potential energy is converted into translational and rotational kinetic energy. According 

to the conditions of rolling of the ball, the proportions of energy change. With that, the 

speed of the ball changes too. If the speed is small enough, the ball falls off the slope 

near the edge and activates an infrared sensor, which allows the transition to the next 

puzzle. If the speed is too high, ǘƘŜ ōŀƭƭ ŘƻŜǎƴΩǘ ŀŎǘƛǾŀǘŜ ǘƘŜ ǎŜƴǎƻǊ ŀƴŘ ŎƻƳŜǎ ƻǳǘ ƻŦ ǘƘŜ 

safe. 

¸ƻǳ ŎƻƳǇƭŜǘŜ ǘƘŜ ǇǳȊȊƭŜ ōȅ ƭƻǿŜǊƛƴƎ ǘƘŜ ōŀƭƭΩǎ ǎǇŜŜŘ όǘǊŀƴǎƭŀǘƛƻƴŀƭ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅύΦ ¸ƻǳ 

achieve that through two steps. 

The first step is lowering the mobile bottom of the slope. The height of the bottom is 

otherwise such that the ball can roll on it. This way the ball preforms the longest route 

with least rotation. The portion of translational kinetic energy is high in comparison to 

the rotational energy. Through the lowering of the bottom, the ball rolls on the 

elevated sides of the slope. Now, in one turn, it performs a shorter distance. The 

portion of translational energy lowers and so does the speed. 

The second step is removing the water from the ball. The distribution of mass 

changes, and therefore the moment of inertia and the rotational energy grow 

simultaneously. The portion of translational energy lowers again and so does the 

speed. 

Only when both steps are completed (the order of the steps is not important), the 

speed of the ball and its range are small enough that it falls into the sensor space 

(picture 2). Activating the sensor turns the laser on, which allows you to begin with the 

second task. 



 

  Picture 1       Picture 2 

Task two: 

The puzzle is based on the fact that transparent bodies, with convex surfaces and a 

refractive index bigger than the surrounding's (water/air), represent a converging lens. If 

the refractive index of the object is smaller than that, we get a diverging lens. 

During the solving of the first part, we pour the water from the ball into the glass jar, 

which becomes a converging lens. We then use this lens to redirect the laser beam from 

the central position to the left, towards a photo sensor (picture 3). The movement of 

ǘƘŜ ƧŀǊ ƛǎ ǇƘȅǎƛŎŀƭƭȅ ǊŜǎǘǊƛŎǘŜŘΣ ǎƻ ǘƘŀǘ ǘƘŜ ōŜŀƳ ŘƻŜǎƴΩǘ ǊŜŀŎƘ ǘƘŜ ǎŜƴǎƻǊΦ 

The additional fracture of the ray is achieved with a diverging lens. We create it by 

covering the plastic tube with our hand, so that the air remains in it, and then putting it 

into the jar with water. The diverging lens additionally redirects the ray (picture 4). 

Once the beam lights the sensor, the key is dropped ς the safe is opened. 
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Scheme view of the safe 

 

 Top view (without cover) 

 

 Front view (transparent side) 

 

 View from behind 

 



 Right side view            Left side 

view 
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Safe description: 
  

The theme for the safe is related to pressure as the two physics concepts involve the 
physical pressure differences in gases and the vibrational pressure sound creates. The 
ǎŀŦŜ ƛǎ ōŀǎŜŘ ƻŦŦ ǘƘŜ ǎƻƴƎ Ψ¦ƴŘŜǊ tǊŜǎǎǳǊŜΩ ŦƛǊǎǘ ǇŜǊŦƻǊƳŜŘ ōȅ vǳŜŜƴ ƛƴ мфунΦ  
  

The safe is split into 2 distinct areas; the bottom half houses the first physics concept 
ό.ƻȅƭŜΩǎ ƭŀǿύΦ ¢ƘŜ ƻǾŜǊŀƭƭ ŀƛƳ ǎƘƻǳƭŘ ōŜ ƻōǾƛƻǳǎ ŀǎ ǘƘŜ ŎǊŀŎƪŜǊǎ ǿƛƭƭ ǎŜŜ ŀ ōǳǘǘƻƴ 
covered by a clear plastic cover which the crackers need to take off to press the button. 
The safecrackers see a pivoting syringe with a tube coming out of the end which can be 



sealed or pulled on. The crackers also have access to 2 custom brakes for 2 sections of 
the cracking. The top half consists of two speakers and a microphone in a chamber lined 
with soundproofing foam. The dial on the side controls the frequency produced by a 
function generator. 
  

How to crack the safe: 
  

On the bottom of the safe, which is stood on stilts, there is a gap where you can put 
your hand inside to maneuver the syringe. To solve the first section, the crackers must 
first push the plunger most of the way down before sealing the other end, followed by 
pulling the plunger out to create a vacuum inside; inserting a brake prevents the plunger 
from retracting. The next step is to pivot the syringe so that the top of the plunger 
latches onto the button cover before pulling out the brake and allowing the plunger to 
retract due to the vacuum and pull off the button cover. The team will then repeat this 
operation but with a high pressure in the syringe in order to press the now exposed 
button. They can create a high pressure by pulling the syringe out with the end open 
then sealing the end before compressing the syringe, pivoting it and releasing the brake 
to make the syringe extend and press the button.  
  

As soon as the button is pushed the second riddle has been triggered and 1 of the 2 
opposite speakers will start sounding in the upper area. The aim in this part of the safe 
is to reduce the amplitude of the wave at the microphone. They can quieten the 2 
speakers by using sound interference, when 2 sound waves of equal frequency pass 
each other they create standing waves consisting of nodes and antinodes. In order to 
win the crackers have to match the frequency of the 2 speakers. They can do this by 
turning a knob which changes the frequency of one of the speakers. This will create a 
node on top of the microphone in the centre. If the microphone reads a value below a 
set figure this turns on an LED matrix stating they have cracked the safe. Furthermore, 
we have housed the top section in acoustic foam since this will decrease the likelihood 
of echo and distortion.  
  

 

 

 

 

 

 



Brief description of the safe and physics principles: 

Problem 1: 
A prism is held by a magnetised nickel plug.  The nickel plug must be heated using a tea 

light to above its Curie temperature of 631K.  The tea light is lit and placed into the safe 

carefully using the holder and lit before sliding into position.  A laser is then threaded 

using the tubes available into the holder to shine through to the prism.  It refracts 

through the now properly aligned prism to reflect off the mirror and onto a concealed 

LDR. Initially the laser is blue, and does not refract sufficiently, nor is it sufficiently 

powerful, being less than 1mW.  It must be switched for red which refracts more.  A 

code is displayed.   

 



Problem 2: 
A magnetic ball bearing is dropped down a plastic tube aiming to fall slowly enough 

connect the contacts in the bucket below.  It can only do so when a copper inner is 

placed within the plastic tube as this creates eddy currents in the tube which slows its 

decent.  If the ball falls too fast it rebounds into the return bucket for another go.  When 

the magnetic bearing makes the contacts, a code is displayed.   

 

Problem 3: 
The pendulum bob is suspended in the wrong position.  It is released using the previous 

code when used on the padlock.  When it is at full extension, it is just above the 

ŀƭǳƳƛƴƛǳƳ ōŀǊ ǿƘƛŎƘ ƛǎ ǘƘŜƴ ǳǎŜŘ ǘƻ ǎǿƛƴƎ ǘƘŜ ǇŜƴŘǳƭǳƳ ǳǎƛƴƎ [ŜƴȊΩȊ ƭŀǿ ǘƻ ǊŜǎƻƴŀƴŎŜ 

and it completes the final set of contacts.  The final code is displayed and the safe may 

be opened.   



Number Cruncher

 

 

 

 

 

 

 

 



A 3D sketch of our safe: 

 

 

How to crack the safe: 

1) 

Start the siphon by submerging one end of the tube in the tank and sucking on the other 

end. Quickly place that end inside the measuring cylinder to raise the water level 

causing the capsule containing the Cartesian diver to float upwards. 

Physics: A siphon is powered by pressure and gravity. Sucking on one end of the tube 

reduces the pressure inside the tube compared to the atmospheric pressure outside it. 

This pressure gradient draws the water into the tube as far as its highest point. From 
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that point on gravity takes over and pulls the water down the rest of the tube and out 

the other end. 

2) 

The Cartesian diver is connected to a bottle cap via a length of thread and has a magnet 

attached to its base. Place the diver inside the big plastic bottle and close it using the 

bottle cap. Squeeze the bottle to make the diver sink and it will pick up the key with the 

magnet. Then carefully lift the diver and key out of the bottle using the cap and use the 

key to unlock the black box. 

Physics: The diver is essentially a glass bubble with air inside. Without squeezing the 

bottle, the overall density of the diver is slightly lower than that of the water, so it 

floats. When you squeeze the side of the bottle, you increase the pressure on the air 

bubble, compressing it into a smaller space. This decrease in volume of the bubble 

causes an increase in the overall density of the diver. When it becomes greater than 

that of the surrounding water the diver sinks. When you stop squeezing the bottle there 

is less pressure on the water, so there is now a greater volume of air inside the diver 

which becomes less dense and rises. 

 

3) 

Inside the black box you will find a piece of nichrome wire, a 9 volt battery, a match, a 

candle and encoded message. Placing the wire over the two terminals of the battery 

generates enough heat to light the match head and from this flame the candle can be 

lit. The encoded message should be held over the flame briefly to reveal two digits. This 

occurs as the ink (a smart material) obscuring the digits becomes translucent upon 

exposure to heat above 60 degrees. The digits in ordinary pen are left behind. 

Physics: Passing electricity through the wire causes a current to flow. Free electrons 

collide with positive metal ion nuclei (the wire has an increased resistance as its 

diameter is small ).This kinetic energy causes ion lattice vibrations in the metal which is 

given out as thermal energy. This energy is greater than the flashpoint of the match 

head so is able to cause ignition. 

4) 

¢ƻ ǎƻƭǾŜ ǘƘŜ bŜǿǘƻƴΩǎ wƻŎƪŜǘ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ǎŀŦŜΣ ǎƛƳǇƭȅ ōƭƻǿ ƘŀǊŘ ŀƴŘ ŘƛǊŜŎǘƭȅ Řƻǿƴ 

onto the rocket and it should jump up out of its holder revealing the remaining numbers 

for the combination lock on its base. 



Physics: Bernoulli's principle states that an increase in the speed of a fluid occurs 

simultaneously with a decrease in pressure or a decrease in the fluid's potential energy. 

As a consequence of this effect, by blowing on the curved top of the rocket, an area of 

low pressure is created. Air travelling directly down the sides of the rocket creates areas 

of high pressure and so the rocket shoots upwards due to the pressure gradients on 

either side. 

 



 Ψά¦ƴƭƻŎƪ IŀǇǇƛƴŜǎǎέ 5ŜǎŎǊƛǇǘƛƻƴ 

Our safe has two different physics puzzles that must be solved in order to open 

the safe. The first puzzle that must be cracked has to do with circuitry and Kirchhoff's 

laws. The safecracker is presented with a three leveled circuit that contains several 

switches and power sources that lead to two different outlets. On the back wall of the 

safe, there is a breadboard with a grid of LED lights, with each level of the circuit color 

corresponding with a different LED number. Within this grid, some of the lights -- the 



background lights for each digit-- are connected on one power source, while the other 

lights-- the lights that spell out each number-- are connected to another one. Initially, all 

of the lights will be off; however, the safecracker must use the knowledge of the topic at 

hand to assemble the switches in a configuration that will either: only turn off the 

background lights, or turn off the number lights. Either way, this will allow the 

safecracker to see a three digit code (either in lights, or in the negative of lights around 

it) that opens the combination lock to the next puzzle in our safe.  

 The next component of the safe uses the topic of electricity and a knowledge of 

conductors. The safecrackers are presented with scissors, a can of Coca-Cola, a lemon, 

and a container that is covered in a porous netting, and a hidden motor. There is a wire 

going from one lead of the motor to an alligator clip on top of the small black box. There 

is also a wire going from the other motor lead to the bottom of the container. The 

safecrackers must understand that the ions in the drink Coca-Cola as well as the can 

itself will conduct electricity, and that by pouring the Coca-Cola into the porous netting 

and by cutting the can into strips that resemble wires, electricity to flow through the 

coke and complete the circuit. HoweveǊΣ ǘƘŜ ŎƻƪŜΩǎ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ǘƻƻ ƘƛƎƘΦ ¢ƘŜ 

safecracker must squeeze the lemon in the coke to lower the resistance to conduct 

electricity to the motor. For a power source, the group can use a battery from the first 

part of the safe to power the motor. They can either move the battery or attach directly 

to the batteries while they are still in the circuits from part one. It is highly 

recommended that they connect two batteries together to power the motor as it can 



take a maximum of 20 volts. Once the circuit is complete, the motor will turn opening a 

small box revealing the Coca-Cola secret recipe.  

 

 How to solve: 

1. Part One of the Safe: 

a. Configure circuits as shown below so that only one set of lights is 

powered for one solution: 

i. **Note each circuit may have multiple solutions** 

i. Legend 

 

 

ii. Circuit A: 

 



iii. Circuit B:  

 

iv. Circuit C: 

 

 

 

2. Part Two of the Safe: 

a. Pour coke into the container with the netting. 

b. Squeeze the lemon into the newly poured coke. 

c. Cut the can into at least two contiguous strips.  

d. Connect one strip (or link of strips) to the alligator clip and put the other 

strips in the newly poured to complete the circuit to the motor.  

e. Attach both strips (or links of strips) to opposite sides of one of the 

batteries from the first part circuits.  

f. The motor should begin pulling out a hidden dowel as it is being 

powered. 



g. The silver safe should pop open from the counterweights attached to the 

silver box. 

 

3. Final Stage: 

a. Open to the silver box and grab the secret Coca-Cola receipt. 
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