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Workshop Series Idea

•
 

Introduce students to technical aspects of 
neutron monitor operation

•
 

Rotating workshop series that will repeat 
every two years at a two per year rate

•
 

Independent enough so students can join at 
any point

•
 

Accommodate wide skill range with an 
emphasis on “hands on” experience and 
individual discussion
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Workshop Series Plan

1.
 

Detector operation (i.e. proportional 
reading schematics, and analog electronics 
(through the PHA)

2.
 

Digital logic (including theory of the peripheral 
devices like the barometers).

3.
 

Microcontrollers (including data transfer methods 
within the electronics system)

4.
 

Real time data acquisition (i.e. the Visual Basic 
program handling real-time data)

A.
 

Telemetry and Data Acquisition
B.

 
Data conversion and manipulation 
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Neutron Monitors

•
 

High energy cosmic rays are 
rare. Observing them at high 
time resolution requires a 
large detector.

•
 

Ground based instruments 
remain the state-of-the-art 
method for studying these 
elusive particles. 

•
 

Neutron monitors on the 
surface record the 
byproducts of nuclear 
interactions of high energy 
primary cosmic rays with 
Earth's atmosphere. 
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Neutron Monitor Principle

•
 

An incoming hadron
 

interacts with a 
nucleus of lead to produce several 
low energy neutrons.

•
 

These neutrons thermalize in 
polyethylene or other material 
containing a lot of hydrogen.

•
 

Thermal neutrons cause fission 
reaction in 10B (7Li + 4He) or 3He 
(3H + p) in a gas proportional 
counter.

•
 

The large amount of energy released 
in the fission process dominates that 
of all penetrating charged particles. 
There is essentially no background.

•
 

Unfortunately some leptons can 
interact with the lead, most notably 
low energy negative muons in 
muonic

 

atoms. About 6% of the 
counts come from this source.

•
 

This causes the monitor to have 
some sensitivity to atmospheric 
structure. (Thunderstorm effect?)
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Simulated interaction in a 
neutron monitor
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Starting Point for Today:

•
 

Numbers describing one second of 
operation of the (“300 chip”) 
micromonitor

 
have been collected:

–
 

Accumulated Counts (24 bits)
–

 
Sequence timer (32 bits)

–
 

Voltages (4 x 16 bits)
–

 
Temperatures (3 x 16 bits)

–
 

Pulse Heights (16 x 16 bits)
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Bits and Bytes

•
 

Binary notation
 

01010011
•

 
Octal 123  (01 010 011)

•
 

Hexadecimal
 
53

 
(0101 0011)

•
 

ASCII Character
 

S
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The ASCII Code Table



10

Telemetry: Reproduce a specific bit 
sequence in a remote location

•
 

Explicitly clocked 
data
–

 
Simple and fast

–
 

No need for accurate 
frequency

–
 

Needs at least two 
“wires”

–
 

Shift registers
•

 
Self clocked data
–

 
Next slide …
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RZ (Return to Zero) Self Clocked Data

•
 

Clock is implicit
•

 
Accurate frequency is essential to detection

http://www.interfacebus.com/Definitions.html
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NRZ (Non Return to Zero) Data

Non-return to zero encoding is used in slow speed synchronous and 
asynchronous transmission interfaces. With NRZ, a logic 1 bit is sent as a high 
value and a logic 0 bit is sent as a low value [really no encoding at all]. The 
receiver may lose synchronization when using NRZ to encode a synchronous link 
which may have long runs of consecutive bits with the same value [no changes in 
voltage]. Other problems with NRZ include; Data sequences containing the same 
number of 1's and 0's will produce a DC level, and NRZ requires a large 
bandwidth, from 0Hz [for a sequence containing only 1's or only 0's] to half of the 
data rate [for a sequence of 10101010]. 
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Computer COM Ports Use RS 232

•
 

Asynchronous Framing 
[Known data width, 8bits] 
with NRZ encoding

•
 

The stop bit is used to bring 
[or insure] the signal rests at 
a logic high following the end 
of the frame

•
 

Must have some framing 
gaps

•
 

Still need internal patterns 
for synchronization of 
character strings

•
 

For strict ASCII data, 
<carriage return> and/or 
<line feed> are typical
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So what does the micromonitor 
actually transmit?

•
 

One-per-second burst of 51 characters
•

 
Framing gap is time between bursts (records)

•
 

Record format:
–

 
“LSMN” in ASCII

–
 

Master board number (1 binary byte)
–

 
Remote within master (1 binary bytes)

–
 

Accumulated Counts (3 binary bytes)
–

 
Sequence timer (4 binary bytes)

–
 

Voltages (4 x 2 binary bytes)
–

 
Temperatures (3 x 2 binary bytes)

–
 

Pulse Heights (16 x 2 binary bytes)
–

 
<cr><lf> in ASCII
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What does a COM port do?

•
 

Electronically searches for start and stop bits
•

 
Places each eight bit byte at the end

 
of an 

“input buffer” (exact timing is now lost)
•

 
Keeps track of the length of the buffer

•
 

Via the “driver” lets a program know the 
length of the buffer

•
 

Allows a program to remove bytes from the 
start

 
of the buffer

•
 

Keeps track of various error conditions
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Visual Basic Interacts with the 
Driver via the  MSComm Control

•
 

A Control is a subroutine that can be “called” 
either by the program or by the system

•
 

Parameters are termed Properties
•

 
Calls by the system are termed Events

•
 

Calls by the program are termed Methods
•

 
Setting a Property can also result in an action
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MSComm Control Properties 
(Note that several of these could also be called Methods)
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The COM Port “Event”
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What we will do next (I Hope!)

•
 

See the full program operate
•

 
Look at the input data on an 
oscilloscope

•
 

Make a “splitter” to enter the data into 
several computers

•
 

Write a simple Visual Basic program 
together

Tomorrow we will go through the operation of the full 
program, and you can try to change your copy of this
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Our Simple VB Program

•
 

Start a new project with one form
 

and one
 

module
•

 
Put a “Label Control” on the form

•
 

Make it change color between red and green
•

 
Put on a second label

•
 

Make it say “red” or “green”
•

 
Put on a Comm

 
control

•
 

Open or close it as the label goes green or red
•

 
Read data

•
 

Convert data to “hex” format
•

 
Make the label display the latest data
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