








Fig. 5. Computer simulations demonstrate how attenuation
and noise affect the quality of the received signals.

Fig. 6. Students compare the original waves to the received,
decoded waves.

that fit together most efficiently and then determine which
of these shapes would work best with towers that transmit in
three directions.

TDMA, GSM, and CDMA

Keeping individual cell phone conversations separate re-
quires special protocols. Although this is more engineering
than physics, we have developed models for each of these im-
portant concepts. Thousands of individual telephone conver-
sations are kept separate on optical fibers by a process called
Time Division Multiple Access (TDMA). Computers sample
and digitize voice transmissions so fast that optical fibers can
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simultaneously carry thousands of conversations. To explore
this process, we divide the classroom into two sides, with each
student talking to a student on the other side. Students sketch
their individual analog waves and then digitize them onto
paper strips. Each student places a strip of digital information
on a short length of optical fiber. The optical fiber with the
strips is “hand delivered” to their waiting partners. By main-
taining the proper order, students are able to send and receive
the correct information and reassemble the original signals.
Global Systems Mobile (GSM) is the system used in Europe
and approximately two-thirds of all cell phones worldwide.
The GSM system divides available frequency into channels
and time slots. Each time that you call with a GSM cell phone,
the local tower assigns your phone a frequency to transmit and
a different frequency to receive, effectively preventing your
phone from picking up other conversations. The most sophis-
ticated system in use today is called Code Division Multiple
Access (CDMA). Rather than sending and receiving at specific
frequencies, the signals are sent at many frequencies at once,
called spread spectrum. Part of the transmission is a coded sig-
nal to identify the intended receiver. Like a person in a crowd-
ed, noisy room who hears his voice in a conversation, your
phone is always listening for your special code. CDMA phones
also use a flexible and dynamic rate of transmitting bits to the
tower. CDMA phones have a very advanced speech compres-
sion chip, which includes a variable rate CODEC (A to D and
D to A converter), a speech synthesizer, and a voice processor
in one. Of course, the electronic circuitry can respond much
quicker than human reaction times. When the local traffic is
heavy or when you are talking, the bit rate may be as high as
96 kbps. If there is silence from your end of the phone, the bit
rate can drop as low as 1.2 kbps. CDMA is also more efficient
for sending and receiving data in bursts (packets) such as text
messages, photos, etc. According to many communications
engineers, this dynamic flexibility is the chief advantage of
CDMA over other systems. Our students also model cell net-
works for both GSM and CDMA systems.

Encryption and decryption

Modern communications systems use extremely complex
encryption techniques to protect the security of the infor-
mation. Most of the common techniques such as the Walsh
Codes!¢ are well beyond the scope of a high school course, but
our students do a simple encryption and decryption game that
provides insight into this process. Each student draws an ana-
log wave then performs an A to D process. Each student then
selects his/her own random code, uses an XOR logic process to
combine with his/her digital information, then sends the cod-
ed signal to a partner. The partner also uses an XOR process to
combine the code with the received signal, which regenerates
the original digital code. As a final step, students then convert
back to an analog signal and compare the final wave to the
original (see Fig. 6).



Our partners

Fortunately, everyone we approached about the project was
enthusiastic and supportive. We received initial funding from
the National Education Association!” and the Convergence
Education Foundation (CEF).!® Engineers at Cingular, Mo-
torola, and the University of Michigan also met with our team
to provide insights and answer our technical questions. In the
summer of 2006 Yazaki North America!® hosted a workshop
that drew teachers from five states. We have also enlisted local
experts to make presentations to our students. These experts
have included a technical writer for The New York Times, an
engineer from Sprint, and the father of OnStar®, Dave Acton.?
Acton also shared his current passion—designing wireless
communications systems to prevent auto accidents.

Project summary

During the summer of 2004, we learned the basics of mod-
ern communications systems and developed a number of
unique student activities so that students could answer most of
their own questions. In the school year 2004-2005, we piloted
the material at four local high schools. We were pleasantly
surprised at the enthusiastic response from our students. We
did some revisions over the summer of 2005 and presented at a
few teacher conferences. Another grant from CEF and a coun-
ty school agency provided the funding to give two full days of
training for 30 teachers. At the end of the training, the teachers
had full use of the student kits.?! The overwhelmingly posi-
tive response from the teachers and the CEF has allowed us
to provide both the training and the equipment over the past
four summers. To date we have trained more than 100 teach-
ers from seven states who have shared the program with about
26,000 students. We plan on having another training session
this summer and are seeking a sponsor to allow the program to
continue to grow.
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