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Pedagogical escape game "The Carnivorous Yoghurts"

field: science and technology spatial mode: classroom activity
discipline: process engineering temporal mode: synchronous
target audience: higher education — 3rd Year collaborative mode: in groups (of 2 to 3 learners)

duration (learner): 1 h

activity type: cooperation; observation; exploration; autonomous learning

skill(s): preparing the assembly of an apparatus; establishing the expression of dimensionless numbers from
experimental data

CC license: Attribution — No commercial use — Sharing in the same conditions
theme: stirring

authors: Lilian BEZARD, Marie DEBACQ, Astrid ROSSO (Cnam)

rationale: This lab session is very simple (to the point of being boring) in terms of manipulation but the calculations
require preparation and the learners have great difficulty in carrying them out. The instructor in charge of these
sessions, rather than giving them 'ready-made’ formulae, considered it more instructive for learners to find them out by
themselves. Before the creation of the game, the 4h-labs took place in four experimental stages:

1. assemble the device: this is fairly straightforward, but it is necessary to do things in the right order, while
respecting precisely the dimensional rules (standard tank) and with some safety precautions;

2. plotting the power curves point by point for different impellers (marine propeller, Rushton turbine, pitched
blade turbine, anchor) in various configurations (with or without 1 or 4 baffles): learners must find out how to
calculate the Reynolds number and the power number from the elements provided by the stirring motor plus a
measurement of the size of the impeller; it is these calculations (in particular the power number) that the
learners found difficult to establish;

3. study of the vortex at the same time as the trials of stage 2 without baffles and comparison with the predictions
of correlations from literature;

4. total homogeneous suspension of solid particles, based on the observations during stages 2 and 3.

educational objective: improving the preparation of this lab session by making learners more autonomous
prequisites: basic knowledge in process engineering, including introduction to stirring (=3h classes on the topic)
resources / teaching material:

o 1 sheet with the rules of the game;

e 7 “place” cards, which are actually photos of a room with apparent and hidden card numbers leading to various:

80 “object” or “puzzle” cards or sometimes “penalty” cards (see examples of cards on Fig. 2 and 3);
7 help cards for hidden numbers;

e other stuff: a Lab Notebook, a “ConcentrX” (circular device where it is necessary to adjust superimposed discs
by turning them, to reveal a sentence or a drawing), punch cards that are placed over another card to solve one
of the puzzles, and red-blue-green-yellow plastic folders.

scenario : The preparation phase of the labs, formerly in the form of a PDF document to read and ready-to-fill statement
sheets to observe, was replaced by a fifteen-minute video presenting the fundamental principles of agitation (with no
particular connection to the labs): https://voutu.be/y IK-AVOa4s. The theoretical part of the PDF support is still
available to learners. The experimental part of the session was reduced from 4 to 3 hours. The game takes place at the
beginning of the session. It has three successive levels. To limit the game to a duration of around one hour, the vortex
phenomenon is not mentioned at all (but it is explained and illustrated in the video). The game master stays with the
players throughout the game. The three levels of play are:

1. set up the tank (10 points): this level of the game is based on finding and associating objects; it makes it possible
to dissect all the stages of assembly, to review the proportions of the standard tank and to emphasize the safety
precautions; it is deliberately simple, to help learners enter the “flow” and gain confidence;

2. establish the expression of the Reynolds number for stirring (20 points): this level is based essentially on logic
and observation; this puzzle is quite complex and may require some assistance from the game master with
certain groups, in order not to exceed one hour of play;

3. establish the expression of the power number, including the factor taking into account the units of quantities
that will be measured during the practical session (30 points): this level is also based on logic and observation,
but in addition, includes calculation; it is also complex, but the learners having passed level 2, pass level 3 a little
more easily.



https://youtu.be/y_IK-AVOa4s

The game begins with this message:
Hi,
My name's Ford PERFECT, | was the foreman in charge of our yoghurt production. Rats left their droppings in the
lactic acid culture tank. At first, we pretended nothing had happened and we carried on producing as before. But
very soon the attacks started in supermarkets. A few days after having been produced, the yoghurts in our
"Yogiyog" range became carnivorous. They started devouring the shoppers.
We recalled all the yoghurts in this range, it came to 250,000 units altogether. But the factory manager
threatened me: he said he'd blame me for everything if | didn't quickly find a solution. He wants the yoghurts
back to normal again, to avoid having to throw them all away. So time is short... especially as there's a press
conference later today. There'll be Sue CROOKS, you know who | mean? the journalist... Anyway, the manager
wants a solution, and fast.
I've been working on it for the last 30 hours, non-stop, but I've had enough, | really need a break. I'm going to lie
down for an hour or so: I'll leave you to carry on looking for a solution... For future engineers in process
engineering like you, that shouldn't be too difficult. You'll find my lab notebook on the desk.
And now, it's up to you. Start the timer and turn over the card marked zero. Get moving, there are killer yoghurts
in the lab fridge! Good luck!
At the end of the game, when the learners have passed the three levels, the game master gives them a bottle containing
the “miracle substance” which eliminates the effects of rat droppings and which will have to be suspended in the tank
to purify the yogurts. Ultimately this bottle will be placed in a cryptographer; the first attempt to 3D-print it was fairly
conclusive, but there are some details that need improving and we did not have enough time to do it during the first
trial of the game. A quick debrief is done with the teacher and the learners are then allowed to enter the laboratory to
carry out the experiments.

Fifteen minutes before the end of the practical session, the factory manager (actually the teacher)
inspects the total homogeneous suspension of the particles,
then leaves (normally, he should be satisfied with what he sees) to go to his press conference.

The learners must then empty, dismantle and clean all the experimental device. They also complete a MCQ, as for all
the other labs, but the last questions of this MCQ concern their impressions about the game.
first feedback (April-May 2019):
The four groups that tested the game completed it successfully (with some help for the first 'guinea-pigs' and for the last
group, which was weaker); it took them 1h05 to 1h20; in each case, with very few penalty points (1 to 4 points).
None of the groups made much use of the lab notebook or of the additional material; in a future version of the game, it
might therefore be a good idea to present all the material in the form of cards.
We noticed different skills among the members of a group: often, one of the two (or three) members was very skilled in
finding the hidden objects, while the other(s) were more inventive in solving the puzzles.
All the players unanimously enjoyed this different and playful way of preparing a lab session. They proved to be fully
autonomous in carrying out the manipulations during the lab session that followed the game. The aim of the game
was therefore fully achieved.
possible evolutions:
o simplifying level 1 slightly to reduce the duration of the game; however, simplifying this level might reduce the
autonomy acquired by the learners in assembling the installation...
e creating more help cards (the aim being to avoid the constant presence of the game master, to free him/her for
supervising other groups working on different lab sessions at the same time);
e maybe transforming the lab notebook into additional cards.




Printing the material for the game, cutting out the cards
and the concentrx

The cards should be printed on both sides on A4 paper, or preferably on sturdy colored card.

The pages of the place cards (bearing letters) should be cut in 2. The pages of the numbered cards, the help cards, and
the punch cards should be cut in 4. On the 4 punch cards, pierce all the holes colored black.

Print the lab notebook on both sides of the page in booklet mode (on A4 paper folded in half to give an A5 format).

The rules of the game should be printed recto only in A4 format.

Cut out the disks of the concentrx along the red lines, then place them one on top of the other, from the largest to the
smallest, and attach them with a paper-clip.

You will also need some transparent plastic folders (avoid "grainy" folders) in bright primary colors.

If you use this game with your pupils / students / learners,

you can ask the authors to send you the original game cards so that you can adapt them to your lab session:
lilian.bezard@lechnam.net ; marie.debacqa@agroparistech.fr ; astrid.rosso@lecnam.net

Would you kindly:
> notify the authors of any mistakes you find in the game;
» send them feedback on your experience using the game with your pupils/students/learners.

And please feel free to promote the game on social networks #CarnivorousYoghurts (mentioning the authors:
@lilianPCB, @MarieDEBACQ and @arosso73)!!!
Thanks.

Some articles about the game #CarnivorousYoghurts

On the E S’CAPE site: http://scape.enepe.fr/yaourts-carnivores.html (in French)
On the blog du Living Lab du Cnam (in French)
A paper has been submitted to the journal Education for Chemical Engineers.



mailto:lilian.bezard@lecnam.net
mailto:marie.debacq@agroparistech.fr
mailto:astrid.rosso@lecnam.net
http://scape.enepe.fr/yaourts-carnivores.html
https://living-lab.cnam.fr/index.php/blog-du-living-lab-du-cnam/
https://www.sciencedirect.com/journal/education-for-chemical-engineers

The carnivorous yoghurts

Rules of the game
Lilian BEZARD, Marie DEBACQ, Astrid ROSSO

You have a certain number of but at the beginning of the game you can't see the card number or letter.
You can only turn over the cards whose number or letter you have spotted on a previous card.
Some cards give access to other cards thanks to their letter or number; as soon as you spot a letter or
number, take the corresponding card and turn it over. Look at the cards carefully, sometimes the
letters/numbers are well hidden! There are 5 types of cards in the game:

1. place cards (maps): They show an environment in which letters and/or numbers are marked.

2. object cards: Those with the symbol : or can be combined to obtain a piece of
information, accomplish an action, or obtain another object. For example, a card depicting a safe + a
card depicting a key will allow you to obtain an object that is locked in the safe. You just have to add
up the numbers of the two cards (safe + key) then find the card with that number on it and turn it
over. You can only add up a red number (hollowed out) with a blue one (protruding). When
unexpected additions result in a number that is not within the scenario of the game, the gamemaster
can decide to put them back in the pack. But be careful, if you combine the cards improperly, you may
come across penalty cards....

3. puzzle cards, machine cards and other cards: They help you to progress towards solving the various

puzzles in the game. Each level reached brings points o (there are 3 levels in the game). Some

LAl
complex puzzles require several cards and are identified by a special symbol: for level 2 ; *
for level 3.

4. help cards: 9 To be used when you're stuck, in order to find hidden numbers; they are counted
when calculating your final score... but sometimes it's worth it in order to move forward!
5. penalty cards: When you come across this type of card (wrong answer to a puzzle, attempt at a

dangerous manipulation...), you lose 1 point per . Read the comment on the penalty card! It
might give you a clue about how to correct your error...

Discarding cards: some cards, once they have been turned over, show a number that has been crossed out.
You can discard the corresponding card in order to clear your game space.

You also have a and some ; you will certainly have to use some of the equipment during the
game... You can also use a pen, paper, and calculator. You mustn't write on the cards. Except if a card
explicitly tells you to do so, you don't need to interact with the environment, only with the cards and
equipment on the table.

Le gamemaster is present throughout the game (as far as possible, given the needs of the other lab groups at
the same time as you). He ensures that the game runs smoothly and in particular he checks that the rules are
respected. He can occasionally decide to help you. Observers may attend the game, particularly during the
testing period, but they do not intervene in the running of the game itself.

The game is over when you have solved all the puzzles and stopped the timer [or if you haven't finished after
an hour and a half]. You can then carry out the experiments in the lab.
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/ found a miracle substance that
precipitates wiith the toxin n
rat droppings, By mixing this
substance as a homogenous
suspension n the yoghart for 5
minutes, then letting o decant
to separate out, e can purify
the yogharts!/

We need first to do a small-scale
test - and have it ralidated by
the factory manager before the
press conference...



SCALE-UP C

260 000 726 ml yoghurt

For a standard tank...

Volume =

that (s o say a tank
@) 2w in diameter
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Greek letters

(e

lowercase

CAPITAL

alpha

beta

Khi

delta

epsilon

phiffi

gamma

eta

lota

kappa

lambda

mu

nu

omicron

o]

theta

rho

sigma

tau

upsilon

omega

Ksi/xi

pSi
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The carnivorous yoghurts

LACTADELITE Company, 2019
Hi,
My name's Ford PERFECT, | was the foreman in charge of our yoghurt dproduction.
Rats left their droppings in the lactic acid culture tank. At first, we pretended nothing
had happened and we carried on producing as before. But very soon the attacks

started in supermarkets. A few days after having been produced, the yoghurts in our
"Yogiyog" range became carnivorous. They started devouring the shoppers.

We recalled all the yoghurts in this range, it came to 250,000 units altogether. But the
factory manager threatened me: he said he'd blame me for everything if | didn't
quickly find a solution. He wants the yoghurts back to normal again, to avoid having
to throw them all away. So time is short...especially-as there's a press conference
later today. There'll be-Sue-CROOKS, you know who | mean? the journalist... Anyway,
the manager wants a solution, and fast.

I've been working-on it for the last 30 hours, non-stop, but I've had enough, | really
need a break. I'm going to lie down for an hour or so: I'll leave you to carry on looking
for a solution... For future engineers in process engineering like you, that shouldn't be
too difficult. You'll find my lab notebook on the desk.

And now, it's up to you. Start the timer and turn over the map marked zero.

Get moving, there are killer yoghurts in the lab fridge!
Good luck/ '@ ®@@'
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This is the « zero » map.

A : the laboratory
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B : Avoid the black hole!

C : the hallway
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D : | suggest you take a break.

E : the multi-purpose room
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The tank has now been

: a ruler
correctly filled.

Well spotted, there's a key
in the overall pocket!
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a set of alien hex keys a chuck key

8

The right-hand drawer
of the desk is locked.

a stirring shaft






Once the bottom tank
overflows, which tank is filled
according to the
standard tank configuration a key
for stirred vessels?

12 11

The drawer contains: impellers;
a key; punchcards (for the last

NO, the chuck key level of the game).
doesn't open the drawer...






Hum... would you mind
not flooding the lab!

16 « 15

The electrical cabinet is locked.

l |
N | |
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The intermediate aim of your
manipulations will be to plot
the power curves
It's the wrong key. of some of the impellers...






18 17

This filling ratio doesn't
correspond to the standard
recommendations...

It's the wrong key.

19

a tank The tank is not filled enough.






Toan
The electrical cabinet contains
four 4-position switches. For the
moment the position of all of
them is zero. At level 2 of the
game, you will have to choose

the correct position to power an
electrical outlet...

24

A set of punchcards required for
level 3 of the game
(Get them out of the drawer
then discard this card 24.)

The tank measures:
20.5 cm internal diameter;
23 cm external diameter ;

29.5 cm depth in the center (the bottom
of the tank is curved).

a stirring motor






Yes that's right, there's a second
compartment in the toolbox.

This outlet is not yet powered.

28 o

The chuck key will indeed come in handy o ‘ o ‘ o

with the stirring motor, = + + =150
but to tighten what?

If you haven't already got what you need, "
you'll no doubt find it later on in the game = 4 - + - =56
(keep your eyes open, this object has a . i g j -

high number but it's well hidden...)
T~ + Yy - Yy -
“ -~ -~
- —
) = g
&J ‘0

a puzzle for Facebook wizards
(and chemical engineering geniuses)







” 30

Which impellers to choose for the tank
AvAilAble At the |IAborAtory?

7 cm ? '
impellers

* '* @ impellers

of different diameters

32 % B 31 “F

0,6 @
1,2 @
36
60 @
72 @
*120 @
*3600 @ The shaft is falling down

to the bottom of the glass tank,
/200 @ it's dangerous!







« 34

increasing atomic number

Q »

dynamic viscosity density
= X P
to the power -1 to the power 1

R

rubidium

85,47

12
Mg

magnésium

24312

EXAMPLE with kinematic
viscosity

a drill

T 35
The hexagonal keys will indeed come in

handy with the impellers, but to tighten
what?

If you haven't already got what you need,
you'll no doubt find it later on in the game
(keep your eyes open, this object has a
high number but it's well hidden...)

a stirring motor
with its shaft fixed






mounted drill suitable impellers for the tank

40 30

Your Reynolds number The power is back on again
isn't dimensionless! at last!






42 41

A usefull information for the last level of
the game:

Angular speed

in rad s

Torque is the moment
of a rotating force,
i.e. the ratio between

power and angular speed. Your Reynolds number

isn't dimensionless!

% 44 % A

A mystery that you'll have to solve for the
third and last level of the game...

Vevé R
O3mse R

stirring motor on






* 46

The numerical values are unimportant
but note down carefully
the units of the magnitudes
displayed by the stirring motor!

48

NOT for a standard tank.

45

It's strictly forbidden to drill a
hole in the desk or the drawer!

« 47

stirring frequency in s

N

nitrogen
14,0067

rubidium

85.47

r (= p in Greek) in kg m3

There are some elements
missing in order to reconstruct
the Reynolds number in a
stirred vessel...






50 49

These impellers are too small
for a standard tank of this size. NOT for a standard tank.

% 52 51

power of each magnitude

a I
-5(-4(-3]-2]-1|0[|1]2]3 |4

Ul

O 1L X4

numerical value to be chosen on card @

) -

calculation It's dangerous to break the
of the power number electrical cabinet open with a drill!






54 53

NOT for a standard tank. NOT for a standard tank.

56 TP RS

WELL DONE! you've reached
level 1: the tank is ready.

e
AL

After this "search" level, you can go
on to the higher levels where the
problems to be solved are mo
"scientific"...
fewer cards, but more "brain juice"!

Do not forget the powers.






58 57

Put your glasses on!
there aren't only + signs.

60 59

Do not forget the powers.

Put your glasses on!

| !
It's not so easy: there aren't only + signs.






« 62 % 61

increasing atomic number . If you don't know
what the torque unit is,

@ & @ @ consult the CONCENTRX:
You'll need it for the third

What's the correct setting? and last level of the game.

« 64 * 63

e
AL

WELL DONE! you've reached | .
level 2: your formula of the It's not the right punchcard.

Reynolds number is correct. Viscosity doesn't enter
Carry on... @ into the power number.

® 6 06 0
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66

When you've found it,
add 10 to the card
This is not corresponding to the
the proper punchcards. correct numerical value...

68 67/

Take a close look This is not
at the Rushton turbines... the proper punchcards.






/0 * 69

To get an angular speed
from a frequency,
what must you do?
d multiply?

O divide?

There are some missing! by...

/2 /1

72+10
(as mentioned on card 65)

There are some missing!






/4

The impellers need fixing on the
shaft otherwise they'll fall off!

76 /5

Almost there...

Mounting the impellers on the
drill, why not? but it will be
difficult then to determine the
speed of rotation and the

Your Reynolds number
torque!

isn't dimensionless!






79 4 F 77 %

The power number (a dimensionless
number) is defined by:

Other cards will help you
to elucidate this power...

N, = Power

p_p.N3.dA5

A

see the unit
displayed on
the motor

The impeller is properly
mounted on the shaft.

82 * 81

WELL DONE! you've reached level 3, the
last level of the game: your formula for
the power number is correct. Don't
forget to write it down: you will need it
to exploit your measurement data.

The game master gives you the miracle i i
substance that precipitates the rat droppings

and purifies the yoghurts. You will now be

able to carry out your experiment in the lab. .

The factory manager will come and check the What's the correct setup?
suspension before his press conference...







hidden object A hidden object « zero »

At some point or another it will be Don'tyou thinkthe handle of the fireproof
necessary to plug the stirring motor into door right at the end is a bit strange?...
the mains! Can't you see a plug that is

numbered?...

hidden object E hidden object C

Have you looked carefully at the electrical A new casing has been installed between
hazard sign?... the two doors. But it hasn't been repainted

yet: if you look more closely, can't you find
another card?...







hidden object 3 hidden object E

As well as the numbers in red, can't you Isn't there something sticking out of his
see another number in this toolbox? overall pocket?...

hidden object 44 hidden object 23

The orange reference on the motor looks That's a very unusual way to wind a cable!
“Photoshop-made”! ... And what if it was the path to a new
card?...




This punchcard should be

superimposed on another card...

If you think you've made
the correct superposition,

turn the card over:

@030

@

This punchcard should be

superimposed on another card...

If you think you've made
the correct superposition,

turn the card over:

[@oce)

@

This punchcard should be
superimposed on another card...

If you think you've made
the correct superposition,

turn the card over:

@030

@

This punchcard should be
superimposed on another card...

If you think you've made
the correct superposition,

turn the card over:

[@oce)

@
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Solution to the game #CarnivorousYoghurts
Lilian BEZARD, Marie DEBACQ, Astrid ROSSO (Cnham) - 2019

x

Level 2 cards bear the symbol ; level 3 cards have the symbol

Level 1:

By turning over the card marked zero, you can find card E, but also card C (a hidden letter).

On card E, one finds the number 7, as well as 4 and 13 (hidden numbers).

The key on card 4 opens the drawer on card 7; there, you then find (card 4+7=11): the key on card 9 (which opens the

electrical cabinet of card 13: 9+13=22, which will be used at level 2 , given the symbol Q); the punch cards of card 24

(which will be used for level 3, given the symbol * ); the impellers of card 29.

Card C gives card A (white paint on the wall) and card F (sticker on the door). In the workshop on card F, one finds: a
toolbox (card 3) and a drill equipped with drill bits (card 33). On opening the toolbox, one finds: a chuck key (card 5); a
set of hex wrenches (card 6); the bottom compartment of the toolbox (number 26 hidden on the flat wrench). In this
compartment there is a steel rule (card 1).

Combining the impellers on card 29 and the steel rule on card 1, one finds card 29+1=30 which gives the dimensions of
the available impellers.

Card A corresponds to the laboratory, where one finds: the stirred tank (card 20); a faucet (card 10); a power socket
(hidden number 25). Combining card 20 (the tank) and the steel rule on card 1, one finds card 20+1=21, which gives the
dimensions of the tank and allows one to choose between the two sizes of impellers available: the correct size is
20.5/3~7 cm (card 37).

Card 10 requires choosing the correct fill level of the tank (in accordance with standard recommendations), that is to say
card 2. Card 2 combines with card 21 to give card 21+2=23, the stirring motor. The strange winding of the electrical
cable of the motor on this card 23 gives access to card 8: the impeller shaft. Combining the shaft with the motor gives
card 23+8=31 for which a tool is missing. This tool is the chuck key found earlier (card 5); combining cards 31 and 5 gives
card 31+5=36 with the shaft attached to the motor. The impellers on card 37 combine with card 36: 36+37=73, but
again, the tool that fixes the impellers on the shaft is missing: this tool is the hex wrenches on card 6. The card 73+6=79
corresponds to the impellers fixed on the shaft, which is in turn mounted on the motor. This can be combined with the
filled tank of card 2 in order to obtain card 79+2=81. On this card, the correct position of the impeller has to be chosen:
it is one-third the height of the liquid, i.e. card 55. This awards the 10 points of level 1.

Wrong associations:

5+7=12: the chuck key doesn't open the drawer 7

9+7=16: wrench 9 doesn't open the drawer 7

4+13=17: wrench 4 doesn't open the electrical cabinet 13

5+23=28: confirms the advantage of combining the chuck key 5 with the stirring motor, but it is not enough
6+29=35: confirms the advantage of combining the hex wrench 6 with the impellers 29, but it is not enough
5+33=38: a drill bit is mounted on the drill (so far, so good)

7+38=45: it is forbidden to force the drawer open using the drill!

13+38=51: it is not only forbidden but even dangerous to force the lock of an electrical cabinet with a drill!!
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Level 2:

Card 55 (the last one of Level 1) gives access to card 15, which in turn gives the cards 27, 43 and 47.

The puzzle on card 27 gives access to card 62 (the anchor is worth 20; the marine propeller 3; the Rushton turbine with
6 blades, 6; the final sum is therefore 50 + 3 x 4 (because the Rushton turbine in the last line has only 4 blades; and note
the x sign, whereas on the other lines only the + sign was used) => 62. Card 47 begins to reveal the principle of the
puzzle at level 2.

Card 43 will come in useful at level 3 (symbol * ).




In the lab notebook, on page 3, there is a polychromacryptograph that can be decoded with the red folder and that
2
gives the formula of the Reynolds number for a stirred vessel: Re = %, where p is the density, N the stirring
frequency, da the diameter of the impeller, and  the dynamic viscosity. The message is as follows:
In a stirred vessel, the Reynolds number is the product of the density of the medium
multiplied by the stirring frequency and the diameter squared of the impeller,
divided by the dynamic viscosity of the medium.
In the lab notebook, on page 5, you have to calculate -in dm- the volume of the industrial tank required to deal with the
250 000 contaminated yoghurts, each 125 mlL, i.e. 31.25 m3. A standard tank should be filled up to a height equal to the
diameter of the tank; its volume is therefore n.D3/4. The 31.25 m? can therefore be contained in a tank with a diameter
of 3.414 m, or, rounded off, 34 dm, which gives card 34.
The puzzle at level 2 therefore comprises the cards 22 (found at level 1), 34, 47 and 62.
e (Card 47 shows that the elements in the periodic table are associated to the quantities of the Reynolds number:
nitrogen (N atomic number 7) for the stirring frequency N ; rubidium (Rb atomic number 37) for the density (in
Greek p corresponds to R in Latin, as mentioned on page 7 in the lab notebook); magnesium (Mg atomic
number 12) for the dynamic viscosity [visible on card 34 ; in Greek u corresponds to M in Latin]; the element
representing the diameter is therefore missing. The usual symbol for diameter is da; on page 2 in the lab
notebook, one finds the periodic table: it can be observed that the element chosen to represent a physical
guantity is the first (the smallest atomic number) in which the first letter of the symbol is the same as the
physical quantity. For da it is therefore disprosium (Dy atomic number 66) that should be selected [in fact, it's
the only element in which the symbol begins with the letter D].
e Card 34 suggests how to associate these quantities in order to reconstruct the Reynolds number, and also
suggests the link with the switches (card 22 shows how to position the switches to obtain the values
-1;0;1 et 2). The quantities must therefore be classified by increasing order of atomic number and a power
must be associated with them; this power needs to be set on each switch. Thus, the physical quantities are
classified in the following order: stirring frequency N (atomic number 7) to the power +1 (switch oriented to the
right); dynamic viscosity ¢ <> Mg (atomic number 12) to the power -1 (switch oriented to the left); density p <>
Rb (atomic number 37) to the power +1 (switch oriented to the right); impeller diameter d, <> Dy (atomic
number 66) to the power +2 (switch oriented to the right, one notch further).
e Once these powers have been set on the switches on card 62, one can see that the settings correspond to card
39: on 39 the power has been restored.
This card is then combined with the power outlet on card 25: 39+25=64. This awards the 20 points of level 2.

Level 3:
Card 64 gives card 44, which gives the cards 46 and 61 + 52 (hidden number).
On the last page of the lab notebook, there is the poster of the movie “H2G2 : The Hitchhiker's Guide to the Galaxy”,
based on the book by Douglas ADAMS, in which the number 42 (that can be seen on the movie poster) is an important
symbol: it is the answer to the Ultimate Question of Life, the Universe, and Everything! In other words, the player can
take card 42, which will provide assistance at level 3.
Card 15, which was found just after completing level 1, gave card 43 for this final level of the game. Card 43 is partly
written in alien alphabet (which can be decoded thanks to page 6 in the lab notebook): once decoded, one can
read “power number” and the number “77” : the player can therefore take card 77.
Card 52 gives access to card 32.
Card 61 recommends using the concentrx. By turning the disks of the concentr, this reveals information that allow one
to find the unit of power:
power = energy / time
Work is a form of energy.

The work of a force is the product of the norm of the force multiplied by the displacement it induces.
So power [W] = %; energy < work [J] = force [N] - displacement [m]
The puzzle at level 3 includes, therefore, the cards 32, 42, 46, 52, 77, as well as the punch cards found in the desk
drawer at the beginning of the game and the clues provided by the concentrx.
e Once the correct expression has been found for the power number with the “correct” units, the player then
needs to choose a numerical value on card 32.

e Card 77 gives the expression for the power number and hints at the problem of the units of the quantities.




e (Card 46 stresses the importance of the units indicated on the stirring motor (card 44): the stirring frequency N in
rpm (revolutions per minute) and the torque in N cm.

e (Card 42 states that the torque is the ratio between power and angular momentum; the latter is expressed in
rad s. There is therefore a factor of 2 between this angular momentum and the stirring frequency (if the latter
is in s%; but according to card 44 it is in rpm!). The power can then be related to the torque by the relation:
power [W] = 2m - N [s™1] torque [N m] = 2r - dl [sz] . torquleOE)N cm]
torque is displayed in N cm on the motor).

e Card 52 shows a table on which one guesses that the punch cards should be superimposed (Careful! there is an
offset between the tables on card 52 and the punch cards, so they need to be superimposed properly in order
to solve this enigma): the lines correspond to the quantities to be assembled in order to find the power number
(in alien alphabet; see the correspondences on page 6 of the lab notebook); the columns correspond to the
powers of the different quantities.

In order to find the power number and obtain the correct value of the numerical factor (which will be to the power +1 in

accordance with what is shown on card 52), one must write: N,, = % (cf. card 77) then replace the power by 21 -

(because we saw on card 44 that the

N - couple (thanks to the indications given on card 42 and given that the angular momentum is equal to 2m times the
rotation frequency). One then needs to include the units and, if need be, the conversion factors:

)( torque [N cm]
[—] = 100

p leg m=3] ’”pmf (dy [m)?

[
The torque (¥ ) is therefore to the power +1; the impeller diameter ( o ) is to the power -5; the viscosity ( . ) is not

part of the power number, so it is to the power zero; the stirring frequency (@ ) is to the power -2; the number ©t (E )

which is needed for the conversion angular momentum <> stirring frequency is to the power +1; the density ( * ) is to
the power -1. The correct punch card is therefore the one that leads to card 65. The latter card indicates that, once the

correct choice of numerical value has been made on card 32, it is necessary to add 10 to the number of the correct card.

(60)

The correct numerical factor is equal to 72 (——). On adding 10 to 72, one gets card 82, which awards the 30 points of

level 3. Game over.

If you turn over the remaining cards, you should find that they correspond to all the errors, or in some cases to the red
herrings (cards 28, 35 and 38).




