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Hole-punching paper for physics 
and fun 
A two-dimensional percolation exercise

A diverse collection of phenomena in physics, chem-
istry and biology may be described in terms of perco-
lation theory, and some examples include the nature of
alloys [1] and the robustness of the Internet [2].
Although some experiments [3, 4] and simulations [5]
have been described and are available, most of these
possibilities are too complicated, time-consuming or
expensive for a typical high school laboratory.  Herein,
we describe a simple exercise that, to our knowledge,
has not been previously reported.  This investigation
has been successfully implemented into the laboratory
exercises for high school students.

Background
As a simple case, consider a sheet of aluminium foil
with two electrodes attached at the ends and connected
to multimeter that can report the resistance. In this ini-
tial condition, current will easily flow, and the resist-
ance is low. Now reconsider this situation when holes
are randomly punched into the foil. When there are
only a few holes in the sheet, the resistance should be
close to its initial value. However, when the number of
holes approaches the point when there will be no path
for the current to flow across the sheet, the resistance
will increase, eventually diverging to the resistance
value of the open circuit. This arrangement is an ex-

ample of a two-dimensional percolation problem, and
the resistance diverges at a critical point pC, which is
the ratio of the area of the aluminium that must be re-
moved to the initial total area of the foil. This value of
pC is the critical point of this interesting phase transi-
tion between the conducting and insulating states.

To avoid the need to measure the resistance of alu-
minium foil, we have generated a mechanical analogue
of this problem. Specifically, a small sheet of paper is
suspended from a fixed clamp and a second clamp acts
as an added weight at the bottom of the sheet. Holes
are randomly punched in the paper until the weight
falls, representing the phase transition.

Materials
● 1 – sheet 4 squares per inch graph paper
● 1 – 1/4 inch (6 mm) hole punch with a 1 inch 

(25 mm) throat
● 2 – heavy duty paper clamps
● 1 – 12 sided die
● 1 – 10 sided die

To reduce cost, the 10 and 12 sided dice can be sub-
stituted with another suitable random number gener-
ator. Sets of numbered bingo chips and paper
decahedrons and dodecahedrons [6] have been used
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not remember what beta decay was, but he thought
about the relevant part from the story and was able to
answer his question. I was also rewarded to learn from
a colleague that one of his students in high school had
found my book in a bookstore and brought it into class.
She wanted to share it with her teacher and classmates
because it appealed to her so much. 

I had some initial reservations as to whether the
‘anthropomorphic’characterization of particles would
confuse the students but found they had no problems
sifting the fact from the fiction. Nevertheless, my book
does carry a warning: ‘Subatomic particles do not 
think, feel or talk the way we do. They do however lead
exciting, interactive lives interspersed with events, 
including birth, decay and annihilation. Fundamental
interactions, laws of probability and conservation prin-

ciples determine their actions. The metaphoric ro-
mances in the story serve as dressing for electrical
forces and electromagnetic bound states.’

Colleagues may find my books useful for trying the
narrative format and I would be happy to share more
detailed experiences and teaching tools. The box shows
some quotes from my book Muonic Rhapsody and
Other Encounters published by Roli Books, India
(ISBN 81 7436 010 7). Excerpts from my other book
The Exotic Lifestyles of Subatomic Particles, published
by Kendall/Hunt (ISBN 0 7872 7396 1), are available
in the online version of this article. 

Lali Chatterjee
IOP Publishing Inc., Philadelphia, and University 
of Tennessee, Knoxville, TN, USA
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successfully. The construction of the figures can add
to the preparation time but may be a positive exercise
for the students. Nevertheless, even with the dice, a lab
station can be equipped for a modest cost.`

Procedure
The students cut a 1.25 inch × 5.75 inch (32 × 146
mm) strip of the graph paper. Then, beginning 1 inch
(4 squares) from the bottom, they number the lines 
from 1 to 12 upward through the centre of the strip; see
figure 1. Assuming the left edge to be number 1, they
mark the next eight vertical lines as 2 through 9, where
the right edge is the unlabelled line number 10. The 
paper clamps are attached to the top and bottom edges
of the strip, and the assembly is suspended from a ring
stand or other suitable support.

The dice are tossed, and a pair of random numbers
are recorded as x (from the 10 sided die) and y (from
the 12 sided die) coordinates. A hole is punched at 
these coordinates as each set of numbers is generated
and recorded. (The hole in the bottom of the punch was
used to align the punch over the intersection of the co-
ordinates. The bale on most punches is easy to remove.)
The process is repeated until a punched hole causes the
paper to separate by completing the percolation path,
a contiguous collection of holes that crossed the strip.

Note: Duplicate coordinates may be recorded in a
separate data table. This information may be useful in
the discussion of the results. Holes punched at coordi-
nates at the edges of the strip will be half circles. The

x-coordinates 1 to 5 must be punched from the left and
6 to 10 must be punched from the right side of the strip.
Holes must be punched carefully so as not to disturb
the integrity of the rest of the strip. We recommend that
the students practise punching holes cleanly before
starting the experiment.

Data analysis
Figure 1 shows a representation of a completed strip
taken from a typical student data set. To calculate the
critical probability for percolation, pC, the students 
determine the total number of sites available for punch-
ing holes, p, and the number of holes punched in the
paper strip to the point where it separated, n, such that

pC = n/p (1)

where pC = 68/120 in figure 1.
The data from all lab groups may be combined and

compared with the theoretical value,  pC=0.593 for this
case [4, 5]. The level to which this analysis is done will
depend on the students and their mathematical abilities.

Final comments
This exercise is accessible to a wide range of students,
and all of the participants appear to have fun. A vari-
ety of comprehensive questions can be generated, and
we enjoy asking the students to extend their interpre-
tations to one and three dimensions, to speculate on the
effect of increasing and decreasing the mass of the
hanging clamp, and to describe their everyday perco-
lation experiences.
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Figure 1.  The initial strip of graph paper is shown
(left).  A typical punched strip (right) shows the last
hole to be punched (6,8) when the critical point has
been achieved and the paper separates into pieces.


