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Abstract
Five students and one faculty member spent a month during the summer of

2005 investigating aspects of physics in the context of China and Chinese culture.
Projects were diverse and included aspects of music, weaponry, and martial arts.
Students conducted on-site interviews, analyzed actual weapons and instruments,
and prepared video for frame-by-frame analysis. Not only valuable as a research
experience, the students were provided with the opportunity to learn that science
does not occur in a cultural vacuum.

Overview
The trip provided research opportunities in four diverse Chinese metropoli-

tan areas and two rural areas. The metropolitan areas included Hong Kong and
Guangzhou, Kunming, Chengdu, and Shanghai; the rural areas included Yang-
shuo and Emei. The mode of travel varied, but included overnight train rides,
long distances buses, and flying.

Travel route through China and Students: Ricky, Kristin, Cionne, Elon, & Jason

Each student was to investigate an aspect of physics in the context of China;
the projects were chosen by the students during the fall semester prior to the sum-
mer trip. Students spent the spring semester preparing for the trip with twice
monthly seminars studying the culture, language, and background science.

One specific goal was to become aware of minority issues in China; this was
accomplished, in part, by sampling local minority cuisine whenever possible.

Dai minority food “Across the bridge” noodles

Without a doubt the most significant challenge was one of language and com-
munication, as only two of the participants had knowledge of Mandarin. A trans-
lator facilitated some discussions, but it many cases it appeared as if cultural ex-
pectations clouded the interview.

One of the more surprising results for the students was the acceptance of
physics; interviewees, and even curious onlookers, didn’t shy away from the stu-
dent researchers.

Some concrete results from the trip include a students was awarded Beloit
College Honor’s Term Project to assist the Logan Anthropology Museum with the
Asian Collection, another student has decided to spend a year teaching English in
China before beginning graduate studies, possibly in epidemiology of Asia, and
several papers are to be submitted to various journals.
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Music: Elon Candea

The goal of this project was to determine the playing characteristics of the
instruments by inspection and interview, then record the sounds for later Fourier
analysis. Interviews were conducted at music stores in Hong Kong and Shanghai;
photographs and additional data were collected from museums in Kunming and
the Shanghai Conservatory.

In some case it is possible to directly determine the musical scale from a pho-
tograph of the instrument, for example, the Qin.

A Qin plays frequency ratios of 7
8
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; corresponding to
Western notes of ??, E[, E, F, G, A, and C, respectively.

The main instrument that will be examined for sound quality was the Erhu,
a two stringed instrument with no finger board, so the vibrating strings act differ-
ently from a violin, and the upper portion of the string can potentially contribute
to the sound. Part of the sound quality of the Erhu takes advantage of this; one
can vary string tension by a considerable amount while playing, this produces a
wide vibrato. Some musicians actually slide fingers on the string to produce a
continuous note change.

The Erhu, and measuring apparatus.

A Fast Fourier Transform (FFT) analysis of the A (high) and D (low) strings
on the Erhu yield an unexpected phenomena: the first and third harmonics are
missing from the D string, while the second harmonic is minimal on the A string.
The two strings, then, have fundamentally different sound characteristics.

A String FFT D String FFT

These surprising results were contrasted with FFT studies on the violin,
where no similar aberration was observed. In an effort to understand the phe-
nomena, analysis was done on the frequency response of the python head and the
resonating chamber.

Python Drum Head Response Resonator Box Response

This work is being prepared for submission to the American Journal of Physics
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Weapons: Jason Marmon

This project, “The Evolution of Chinese Weapon Physics as a Function of Dy-
nastic History,” centered around the study of traditional Chinese Weapons. The
focus is not only on history, but also the impact of Chinese understanding and
development of metallurgy and physics. Much of the project involved museum
analysis of ancient weapons, with an emphasis on swords. Physical properties
of the weapons (such as mass, center of mass, rotational inertia, or composition)
could rarely be determined directly, so estimates were made from photographs.
Additional direct measurements will be possible from a similar collection of a few
newer weapons held at the Logan Museum of Anthropology at Beloit College.

With regards to metallurgy, copper and tin proportions can be estimated from
interpretations of the Zhou Li formula. The assumption is made that any lead
added was done after the preparation of the initial copper-tin alloy. Although the
Zhou Li formula more accurately describes pre-Han Dynasty artifacts, it might be
possible to compare it to direct measurements of the newer weapons in the Logan
Museum.

Dagger & Sword Sets, Yunnan Nationalities Museum

The physical dimensions are being determined from the photographs, but
the third dimension is necessarily estimated. This information is used to evalu-
ate shape, mass, center of mass, and rotational inertia for weapons, so that a time
analysis of the evolution of these variables can be produced. The method of analy-
sis involves pixel decomposition of the photographs using standard software. The
characteristics of the weapons can then be plotted against the region and time pe-
riod of the weapons

Halberds Spears

Swords

There is continued effort to try to place the unknown weapons by analysis of
the location in the museum, museum booklets, and other literature searches.

The final product will likely be a web-site that can be used as a first reference
for weapon identification.
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Disease: Kristin Block

In the time of SARS and Asian bird flu, the study of the percolation of a new
virus through the population is particularly relevant. This project is concerned
both with the biology of disease transmission as well as the physics behind disease
percolation. Part of the study was interested in the wet market as an environment
for disease evolution and a vector for disease transmission.

Java programming and the Cellab package were used for developing a model
for the disease transmission and mortality rates as a function of susceptibility, rates
of infection, and mortality. By studying the model, one might be able to evaluate
effectiveness of quarantine efforts, particularly with respect to varying virulence.

The model chosen was an eight nearest neighbors interaction. The actual
probability of infection was proportional to the product of the individual suscepti-
bility and the number of infected neighbors. We define virulence to be probability
of infection if four neighbors are infected. Individual susceptibilities were ran-
domly chosen based on virulence. The population was seeded with some initial
infection fraction. The model is actually quite similar to an epidemic that would be
seeded by a evenly distributed vector, but then allowed for human transmission.
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Note the presence of the jump, regardless of virulence, at initial infection frac-
tions of 50%. The presence of a jump is predicted by percolation theory; the behav-
ior on either side of the jump is model specific. Recent results by other groups are
confirmed here: quarantine efforts are only of limited use, and potentially worth-
less if crossover rates exceed a certain value; reduction of virulence is critical, so
much so that a less effective vaccine will still make a marked difference in the con-
trol of a pandemic.
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Many of the recent viral outbreaks were thought to be directly related to food
handling and preparation. SARS was related to the civet; H5N1 to poultry; and
the 2005 Summer Sichuan Swine Syndrome was related to pigs. It was somewhat
interesting that the swine problem in the Sichuan, present during our trip, was
apparently never reported in Western press.

Additional comparison to US markets and data will be performed, although
the phenomena of the wet market is much less prevalent here.

This work has been submitted to the Beloit Biologist
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Martial Arts: Ricky DeVoe and Cionne Wolfe

These two projects were similar, but different. Cionne Wolfe was interested in
the teaching and motivation for the study of martial arts: was it based on physics,
or mysticism? Ricky DeVoe was more interested in the physics behind the instruc-
tion, as well as careful study of the motion of martial arts experts.

There are a number of popular texts which address martial arts in America,
and many of them focus on the mystical aspects of the arts. Despite this, there was
no direct reference to mysticism in any of the interviews.

The students worked to identify prospective sites before arriving in China.
One of the discoveries made by students was that the yellow pages and the Internet
are not a useful tool for finding martial arts schools.

Ricky’s interviews highlighted the fact that experts appeared to know the
physics behind the movements, even if they didn’t know the actual terms. Refer-
ences were made to the importance of punching through a target (otherwise, the
fist is already maximally extended) or to the anchoring of feet in such a way as to
maximize the development of angular momentum in a kick. Interestingly enough,
when instructing on balance, the expert said that the heart needed to be located
above the feet, as if the center of gravity were higher. Such a response, though,
would lead to a stabler stance against a sideways kick!

Martial arts demonstration Pixel analysis

The video capture of the movement was then processed with VideoPoint soft-
ware to analyze accelerations and forces. Consistent with the master’s statement,
the maximum force occurred after the punch impact, as can be seen from the center
of mass acceleration and force graphs.

Punch Motion Hand data COM data

Other responses to interview questions, such as those to a question asked
by Cionne on why a motion was to be executed slowly, were exceedingly terse-
“because it is a slow sport,” was the reply. Nonetheless, practitioners were more
than willing to take the time to work with the interviewers answering questions,
and even instructing on subtleties of the movements. Particularly in the case of Tai
Chi it appeared as if neither science nor mysticism motivated the motions.

Interview question attempt Sword lessons in Guangzhou
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by Cionne on why a motion was to be executed slowly, were exceedingly terse-
“because it is a slow sport,” was the reply. Nonetheless, practitioners were more
than willing to take the time to work with the interviewers answering questions,
and even instructing on subtleties of the movements. Particularly in the case of Tai
Chi it appeared as if neither science nor mysticism motivated the motions.
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Martial Arts: Ricky DeVoe and Cionne Wolfe

These two projects were similar, but different. Cionne Wolfe was interested in
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above the feet, as if the center of gravity were higher. Such a response, though,
would lead to a stabler stance against a sideways kick!
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