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Abstract 
 

In the class of physics and engineering, instructors 

often face students who feel difficulty in basic 

concepts on physics and mathematical expression of 

physical quantities. Especially for international 

students there exist more gaps between high school 

education in their originated country and education 

at the third grade students in Tokyo College, in 

terms of experimental experience and the differences 

in curriculum. To make up of these gaps, 

experimental experiences and ‘discovery’ of the 

connection between experiments, physics and 

mathematics is necessary. To promote these 

connections, we will propose experiment class of 

physics with data analysis by introducing some 

primitive experiences.  

To make international students experience the 

distinction between linear graph and semi-log graph, 

radioactive experiment is one of the most 

appropriate choices. We prepared radioactive 

experiment, which is β-ray (90Sr-90Y) absorption 

experiment using Geiger-Müller counter. To simplify 

the experimental procedure, we previously checked 

and picked up the linear region in semi-log graph vs. 

the thickness.   

As the first step, international students measured 

β-ray intensity [cpm] vs. the thickness of aluminium 

plates [mm]. As the second step, they plotted linear 

graph (10 m×1m ). They found sharply decreasing 

curve in the plot. The differences of the linear plots 

are ambiguous. They just see their plots are similar 

in shape and sharply decreasing. As the third step, 

they plotted semi-log graph (A4 size). And the 

intensity in semi-log scale vs. the thickness is plotted. 

Students discussed why the same tangent appears in 

semi-log scale intensity vs. the thickness. Compare to 

Japanese students in our college, they could join the 

experiments more actively. Especially actual 

comparison between plots in linear and semi-log 

scale is extremely helpful for understanding the 

property of exponential decrease of intensity read 

from the plot.  

We conclude that this separation into step by step 

procedures (we call this modified “small steps 

method”) is useful as an introduction, so that more 

intuitive and unified understanding of experiment, 

physics and mathematics, that is “Trinity of science” 

can be realized. 
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1.Introduction 

 In National Institute of Technology, Tokyo College 

(NITTC), wider variety of students learn Physics, and 

sometimes feel difficulty in understanding basic concept 

in physics as well as mathematics. On the other hand, a 

few international students enter the third grade in 

NITTC, and some students feel difficulty in learning 

physics. The reason of the difficulty may stems from 

gaps between the education in their originated country 

and the physics education in NITTC in terms of the 

differences in experiences in experiment and curriculum 

in originated country. 

  Based on our daily trial and error experiences, we 

found that teaching aids in physics make introduction to 

basic physical concept easier, such as sharing situation, 

giving students concrete imagination, and definitions of 

the technical terms involved with physical situation. We 

have kept making students shift their way of 

understanding depart from just memorizing results or 

facts for essential understanding physical laws with 

simple logical structure, so that students can apply them 

to understand various phenomena in principle. Some 

courses of lectures (Azabu, 2009) gave us an idea of 

employing small teaching aids in physics class. These 

small teaching aids can make students to share and 

understand basic physical concepts by themselves. And 

(Ushio et.al, 2000) shows that it is possible to have 

experimental physics class even before students learn 

the theme of physics. Direct measurement and closer 

examinations of the data taken in physics experiment, 

can even lead students to ‘discovery’ of basic concepts 

and physical laws hidden in the phenomena. We are 

especially inspired by “the instructional design” 



   
 

(Shimamune, 2008), which introduce some instructional 

key-points, such as “committing what they learn”, 

“distinction between composite skills and component 

skills” and “small steps: increasing their successful 

learning experiences by partly mixing the contents with 

what they have already learned“. 

  In order to improve our physics education of 

international students, it is convenient to start from the 

gap problems in less experimental experiences of 

international students. It is important not only to have 

more experimental experiences but also to unite 

physical law (principle), phenomena (experiment) and 

mathematics (knowledge) in any experimental analyses.    

We will propose an example of the introductory class 

design for international students to give them a good 

opportunity to unite experiment, physical law and 

mathematics as intuitive as possible. We will report β-

ray absorption experiment class in this paper. This 

theme requires understanding of logarithm in the 

experimental and mathematical analysis. To reinforce 

understanding of semi-log analysis, we separate this 

(composite) skills required to analyze semi-log graph 

into two pieces, such as a skill required to plot in linear 

scale and a skill required to plot in semi-log scale. In the 

words of Shimamune (2008), “distinction between 

composite skills and component skills”, can be realized 

in our proposal.    

The realization of separation of composite skills can 

be achieved in the plotting stage of this experiment.  

When plotting data ranging from 1 to 8000 cpm in 

linear scale, large plotting area (8m×1m) is needed and 

experiences to plot such large area help students to 

understand intuitively how sharply exponential decrease 

occurs. And experiences plotting in linear scale can give 

the imagination, what it is like to be exponential change. 

Thus students can overcome mental barrier to accept 

new phenomena. And Plotting in linear scale will also 

give educationally good effects for international 

students because such uncommon procedure can be of 

recreation and the recreation elements in experiment can 

stimulate students’ interest. 

The realization of “small steps: mixing already 

learned contents” can be achieved in the stage of 

summary of experiments introducing mathematical 

background after series of plotting in linear and semi-

log scale.  

By separating composite skills into component skills 

and mixing already learned contents, each experimental 

procedure can be made more understandable and 

intuitive. We call this way of realization modified 

“small step method”. With our method we will 

challenge to give students the unified understanding of 

physics, experiments, mathematics starting from 

primitive experiences, namely understanding as “Trinity 

of science”.  

In our lecture experience in applied mathematics 

(Vector analysis and complex analysis) and freshman 

level mechanics class, our modified small step method 

works well. This small step method will encourage 

students to distinct and recognize more clearly on what 

they understand and what they cannot.  

   The β-ray absorption experimental class is designed 

to connect mathematical concept “logarithm” and 

radioactivity experiment by comparison of linear graph 

and semi-log  graph. 

The rest of this paper consists of Materials and 

Methods where details of our class design are reported 

in section 2, Results and Discussion where the reaction 

of students and evaluation of our step by step method 

are shown in section 3 and conclusion will be remarked 

in section 4. 

  

2.Materials and Methods  

2.1. Illustration of β-ray absorption instruments 

At first, we will illustrate the usual procedures and 

purpose of β-ray absorption experiment. When β-ray 

emitted from the source encounters some obstacles such 

as metal plates, part of the β-ray is absorbed and its 

intensity decreases. The usual purpose of the β-ray 

absorption experiment is to evaluate the change of 

intensity qualitatively, that is to measure absorption 

coefficients μ[cm2/g]. However, our purpose in this 

paper is not to evaluate absorption coefficientsμ
[cm2/g] . To promote intuitive understanding of β-ray 

absorption phenomena, we simply set equivalent 

distance as [mm] rather than [g/cm2]. The details of the 

experimental simplification will be discussed in section 

2.2.2.  

Secondly, we will illustrate our instruments for β-ray 

absorption experiment. Figure1 Illustration A and 1B 

shows the whole configuration of experiment (Geiger-

Müller tube (GM-tube) and counting instrument) 

produced by Shimadzu Rika Corporation. In Figure1 

Illustration B, it is shown that the source board where β-

ray source are fixed, β-ray absorption board, and β-ray 

absorption instruments where both boards are set inside. 

The thickness of aluminium plates can be adjusted by 

combination of plates with thickness 0.1mm, 0.2mm, 

0.3mm, 0.5mm, 1.0mm, 2.0mm, 3.0mm, 5.0mm  

 

 Figure 1. β-ray detector (GM tube) and counter  



   
 

respectively from the left in the Figure1 Illustration B. 

The absorption board and the source board are set in the 

absorption instruments at 30mm and 40mm distances 

from the GM-tube, respectively.   

Thirdly, we will describe the usage of the 

instruments. In  Figure1 Illustration A, the volume 

adjusts voltage applied on the GM tube, the start switch 

counting up the pulse signal from the GM tube and the 

reset switch resets counting rate shown in the window in 

the counting instrument. In this experiment we choose 1 

minute timer (cpm mode) and setting applied voltage as 

450 volts. We used two old instruments (450 Volts) and 

one new instrument (400 Volts). 
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Figure 2. Nuclear reaction in β-ray source 
 

Figure 2 shows nuclear reactions in the β-ray source. 

Main β-ray signal contribution from the source to the 

GM tube comes from the second reaction such as  
90Y→90Zr, which has shorter half-life in nuclear decay 

compare to the first reaction starting from 90Sr. We 

prepared β-ray sources with different intensities, such as  

8231.8cpm (A), 6352.3cpm (B) and 5370cpm (C). 

2.2. Class design 

2.2.1 Class scheduling  

   Experimental class is 120 minutes class in total. 

International students are divided into  3 groups and 

each group measured different β-ray sources, 

respectively source (A),(B) and (C). And the class 

schedule is classified as the following 3 parts.   

 

Experiment
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the 1st time the 2nd time the 3rd time
avrage
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(Only one time)

Net intensity (only

one time) [cpm]

Attention：plot linear graph on the corridor of experiment room with
approximated curve (show it by thick color curves).

only if you
have time

Attention：plot linear graph on the corridor of experiment room with
approximated curve (show it by thick black curves).

intensity of β-ray
source [cpm]

Beta-ray absorption experiment

background radiation

intensity [cpm]

Attention：Average  value 
should be rounded  to 
the first decimal place

example：14.32≒14.3

Attention：
Average  
value should 
be rounded  
to the first 
decimal place

example:
220.45

≒220.5

[cpm]0N

N 0NN 

N 0NN 

 
Figure 3. Worksheet for beta-ray source B 
 

Part1:  Introduction (30 minutes) 

elementary knowledge of radioactivity, background 

radiation, cause of radioactivity due to nuclear 

reaction, annual average dose equivalence [mSv/yr], 

property and difference of α,β,γ-ray, usage of  β-ray 

absorption system (See Figure1 Illustration A) 

Part2:  experiment (45 minutes) 

      Background intensity, β-ray absorption measurement 

using thin aluminium plates, data plots both in linear 

and semi-log scale based on worksheets (See Figure 3) 

Part3: Discussion between linear and semi-log graph 

   Comparison, physical Interpretation and mathematical 

relation 

 

We will describe the reaction of students in each part 

later in section 3. 

2.2.2. Simplification of experimental procedures 

As emphasized in the beginning of section 2.1., some 

experimental procedures are simplified. The units of 

horizontal axis is set to [mm] rather than [g/cm2], 

although the equivalence distance [g/cm2] gives more 

universal value than [mm] in the sense that the 

equivalent distance doesn’t depend on materials used in 

the experiment. And in order to assist students who are 

not get used to evaluating numerical data taken in 

experiment, attentions are included in the worksheet 

(See Figure 3), saying present significant digit is up to 

the first decimal place with concrete example of 

rounding numerical values. 

 One of simplifications is limiting times of repeating 

the same experiment. Due to randomness of β-ray 

emitting timing from the source arisen from quantum 

mechanical origin, experiments with the same 

aluminium thickness generally needs to be taken many 

times to calculate average value. For the lack of time, 

the number of repeating the same experiment is limited 

to only 3 times. And the net intensity N [cpm] is 

calculated by 0NNN   where N  is the average 

intensity [cpm] and 0N is the averaged background 

intensity [cpm]. (See Figure 3).  

As in the worksheet of Figure 3 (gray shaded region), 

one of such simplifications is to specify measuring 

range of thickness of aluminium plates. Each range are 

determined by pre-experiment so that plotting results in 

semi-log scale appears as line, and other range of region 

are removed because the data away from the line in 

semi-log scale will include many implications for 

international students. By this removal of non-

exponentially decaying region from worksheets based 

on the pre-experiment data (see next section 2.2.3.), 

clearer interpretation of data is possible, which is 

appropriate for the present purpose. Then even 

international student can find the exponential decay of 

the β-ray intensity from the experiment. 

2.2.3. Pre-experiment by instructors  
Pre-experiments by instructors are necessary 

especially for international students who have less 

experience in physics experiment and no knowledge of 

radioactivity, because they are beginners of radioactive 

experiment and soon will be loss at where they are. For 



   
 

example, we simplified and limited experimental 

conditions, which are the range of the thickness.  

We searched linear area in β-ray absorption by 

measuring three kinds of β-ray sources (A,B and C) in 

advance. Table 1A and table 1B are the examples of the 

background and the β-ray absorption experiment both 

for the source B, which shows the intensity [cpm] vs. 

whole range of the thickness of aluminium plates. The 

range of the thickness is listed in the beginning of this 

section 2. In pre-experiment intensity [cpm] is measured 

by six times for each aluminium thickness as in Table 

1B.  

 

Table 1A. Pre-experiment data for source B 

1st time 2nd time 3rd time average
16 12 16 14.7

background

 
 

Table 1B. Pre-experiment data for source B 

0.0 6480 6392 6284 6474 6319 6253 6367.0 6352.3
0.1 5341 5372 5257 5295 5429 5358 5342.0 5327.3
0.5 3288 3376 3343 3292 3340 3265 3317.3 3302.7
1.0 1905 1908 1978 1925 1882 1936 1922.3 1907.7
2.0 398 451 444 422 428 425 428.0 413.3
3.0 60 49 57 63 61 55 57.5 42.8
3.5 27 24 27 25 28 35 27.7 13.0
4.0 18 22 9 28 14 12 17.2 2.5
4.5 32 17 14 18 17 29 21.2 6.5
5.0 24 19 21 16 16 26 20.3 5.7

B

3rd time
beta ray
source

Aluminium
thickness

[mm]
1st time 2nd time 4th time 5th time 6th time avarage

Net
intensity
(cpm)

 
 

  Using the net intensity [cpm] in Table 1B, we can plot 

intensity vs. whole region of the thickness graph in 

semi-log scale as in Figure 4. then we limit the plotting 

data based on the gray region in Table 2, and we can 

find the approximately 

linear region of the data 

in semi-log scale. Whole 

data in Figure 4, include 

some effects in electron 

scattering. For the 

increasing thickness, the 

reason why intensity is 

increased again is due to 

back scattering of 

electron. In the 

educational point of view 

for international students 

to grab rough sketch of β-

ray absorption 

experiment, removing 

electron back scattering 

and other effects make 

experiment easier and their discussion can be simplified, 

although real electron scattering phenomena is partially 

screened. Especially for the purpose of data fitting this 

simplification can be justified at least educational 

purpose. The screened data can be fitted to the 

following simple relation,  

・・・・・(1) 

where is the thickness of absorbing plates and is 

the β-ray absorption coefficient.  

We also searched the exponential part of the intensity 

data for other β-ray sources (A and C) and found and 

reflected as the range of thickness in worksheets (the 

sample is only shown in the case of source B as in 

Figure 3).   
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Figure 4. Pre-experiment: whole data  

 

2.2.4 Students activity  

  Based on each worksheet, international students are 

plotting the data, intensity [cpm] vs. thickness with unit 
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Figure 5. Linear graph and exponential decaying 

region 
 [mm] on large linear graph (8m×1m in length and 

width, 160 sheets of A4 1mm linear paper are pasted 

altogether). Due to the lack of time, data within 

intensity from 2000 cpm to 8000 cpm, are plotted by 

Table 2. Finding the 

exponential region 



   
 

only member of 1 group (See Figure 5 Graph A). And 

data within intensity 0-2000 cpm is plotted in 2m×1m   

region (Figure 5 Graph B).  

After this linear plotting, we took standard analyzing 

method using graph in semi-log scale. As designed, the 

region chosen by pre-experiment (See Figure 6), shows  
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Figure 6. Exponentially decaying region 

 
good linearity in semi-log graph. The lines have the 

same tangent in intensity vs. the thickness of aluminium 

plates.  

 

3.Results and Discussion 

We will evaluate our experimental class through 

students’ activity.  

For the part 1, introduction of basic knowledge of 

radioactivity and radiation, international students could 

understand our short introduction. And they could do 

experiment smoothly.  

For the part 2, with this simplified experimental 

settings based on the pre-experiment, international 

students can roughly understand the characteristics of β-

ray absorption phenomena for sources (A), (B) and (C) 

with different intensities. When they start experiment of 

background radiation, they wonder why experimental 

instruments start counting intensity [cpm] without any 

sources but they soon realized that it is because of the 

background radiation, which shows that we can 

successfully make each international student connect 

temporal knowledge of physics and experimental result. 

Next international students plot the data on linear graph. 

They enjoyed plotting on large graph (8m×1m) sheets, 

and experienced the sharply changing intensity, so that 

they could have primitive experiences on what it is like 

to exponential decrease of intensity by plotting the data 

in the linear scale. Successively by re-plotting the same 

data in semi-log scale, they learned how to plot semi-log 

graph and got to know its convenience: the data is 

compactly mapped from 160 sheets of A4 paper to one 

sheet of  A4 paper.  

For the part 3, we discuss the relation and implication 

from the plots. After plotting in semi-log scale, 

international students began to compare the semi-log 

graph to each other. In spite of using different 

intensities, the semi-log graph appears to be the same 

tangent line to one another as designed in section 2.2.3. 

They began to look curious about this result. Then it is 

the right time to interpret results and unify every 

concept. We explained that the reason of same tangent 

is due to the material feature for β-ray absorption under 

the unit thickness [mm]. And there still remains 

question: what is the meaning of line in semi-log scale 

mathematically. For such mathematical interpretation of 

semi-log scale graph, we referred to relation between 

exponential and logarithm using the known relation on 

intensity, eq.(1). And show that eq.(1) become line 

when you take logarithm.  They looks convinced 

because they have already experienced and compared 

linear graph and semi-log graph using the same data as 

well as their understanding our mathematical 

explanation. Primitive experiences make them discover 

relation between tangent line in semi-log graph and 

physics, and make them  discover mathematical relation 

between logarithm and exponential function.  Thus, 

using large linear graph (See Figure 5 Graph A), we 

have succeeded in leading international students to the 

unified understanding of physics, experiment and 

mathematics, that is understanding as “Trinity of 

science”. That is to say, by our step by step method,  

experimental facts, physics and mathematics can be 

more effectively unified in our class. 

With this β-ray experiment, some experimental 

procedures are separated from one composite procedure: 

‘well-known’ semi-log plotting into two component 

procedures: plotting in linear scale and plotting in semi-

log scale. Although logarithm is known mathematical 

knowledge for international students, we intentionally 

include re-discovery procedures such as plot in large 

linear graph, which also works as recreation and 

refreshment.  

 

4.Conclusions 
To make experimental interpretation based on 

principle in physics and knowledge in mathematics 

clearer, we simplified experiment. When international 

students feel difficulty in understanding the concept or 

experimental procedures in daily trial and error physics 

education, there is a possibility that we can separate 

concepts or procedures into smaller pieces of 

component concepts or procedures. Difficult concept 

can be separated into smaller and more intuitive 

components. Such separation, for example, can be 

realized through primitive experiment and reinforcing 

mathematical knowledge. We have conviction that such 

separation can be applicable to other field of education. 

Besides introduction of such primitive experiences 

stimulates students’ interest and give them energy to 

consider furthermore. Combination of our small step 

method with intuition and knowledge aids lead 

international students to logical and unified view of 

science, namely understanding as Trinity of science.  

We will end this report with phrase, “Thinks things into 

smaller steps, and end (difficulty) becomes starting 

point of our education. ”     
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