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DESCRIPTION 
AP235 is an all-in-one 3-axis fluxgate magnetometer with high accuracy. Unlike 
other fluxgate magnetometers, AP235 does not require any external Data 
Acquisition Unit (DAQ). The system uses a 24-bit DAQ converter to achieve 
accurate throughput.  

AP235 delivers up to 30 samples per second from all three axes. AP235 and 
fluxgate magnetometers, in general, do not experience hysteresis error as much 
as other types of magnetometers. As a result, they provide more accurate and 
reliable measurements.  

AP235 has a measuring range of ±2.0 G (± 200 μT) well above the earth’s total 
magnetic field. In most vehicles this provide the highest sensitivity possible 
without saturating. ±0.65 gauss versions available for even higher sensitivity. 
AP235 has a very low offset and noise level while offering exceptionally high 
linearity and temperature stability, making it suitable for a wide range of 
applications. AP235 supports a voltage range of 8VDC to 36VDC, and its specified 
operating temperature is -25°C to 70°C (for wider operating temperatures, please 
contact Applied Physics Systems).  

FEATURES 
• All in one 3-axis fluxgate magnetometer  
• Internal DAQ (No external parts required)  
• Up to 30 samples per second for all 3 axes  
• RS-232 interface with user selectable baud rate (300, 1200, 2400, 4800, 

9600, 19200, 38400) 
• Durable metal enclosure  
• Measurement Range: ± 2.0 G  
• Accuracy: ±1% of full-scale  
• Noise Level: 3.0 μG 𝑅𝑀𝑆/√𝐻𝑍 
• Offset: ±2mG  
• Offset Drift: 50 μG/°C  
• Linearity: ±1% full-scale  

https://www.appliedphysics.com/
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APPLICATIONS 
• Compassing and Navigation  
• Laboratory Instrumentation  
• Attitude Reference  
• Anomaly Detection  
• Material Testing  

 
 

Figure 1. AP235 Fluxgate Magnetometer 

 

QUICK START 
 
Evaluate the Sensor Readings.  

Check the raw data coming out of the sensor showing magnetic field in the X, Y, 
and Z-axis. 'Total Mag' indicates the total magnetic field measured by the sensor. 
When in the sensor is a clean magnetic area, the earth's magnetic field on its 
surface is between 0.25 G to 0.65 G, so the 'Total Mag' should be 0.25 G to 0.65 
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G (positive or negative). For evaluating the readings further, refer to 7.2 – SENSOR’S 
REAL-TIME DATA section for more information. 

 
CAUTION: Keep the measuring area clear of any ferromagnetic materials 
(like common lab bench) or devices that generate significant magnetic 
fields. Also, avoid other sources of electromagnetic interference.  
 

 

 

 

 

  

 

 

Take note that the sensor should be far from magnetic objects (Iron, steel, etc. Check Error! R
eference source not found. for more Information) and electronic devices for Total Mag to be In 
the range of 0.25 to 0.65G. 

Sensor’s raw data and total magnetic field in real time with Min and Max 

Total Mag should be between 0.25 to 0.65 
G.  

Figure 2. Sensor Reading in Demo Software 

https://www.appliedphysics.com/
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3 – SENSOR SPECIFICATIONS 
All values are typical values measured at room temperature unless otherwise noted. 

Specifications are subject to change without notice. 

 

Table 1 System Specification 

ELECTRICAL 
Supply Voltage Range  +8 VDC to +36 VDC  
Current Consumption  Under 90 mA 
Analog to Digital 24 bit 
Baud Rate (User Selectable)  300, 1200, 2400, 4800, 9600, 19200, 38400  
Default Baud Rate  9600 
Maximum Output Sample Rate at 
38400 Baud (in ‘Auto-Send’ mode)  

30 

ENVIRONMENTAL 
Operating Temperature Range  -25°C to 70°C 
PERFORMANCE AND ACCURACY 
Range ±2.0 mG (±200 μT)  
Resolution  6 nT (60 μG) 
Accuracy ± 1% full-scale 
Offset Error (at 0mG)  ± 2 mG  
Offset Drift versus Temperature  < 50 μG/°C  
Linearity  ±200 μG  
Noise Level  3.0 μG RMS/√Hz  
Orthogonality of Axes  Better than ±0.5°  
Alignment of Axes with Package  Better than ±0.5° 
PHYSICAL 
Width 1.60” (40.64 mm)  
Height 1.125” (28.58 mm)  
Length 4.14” (105.16 mm)  
Weight 150 grams  
Connector on the Sensor 9-pin D-Sub Male/Plug Connector 

Mating Connector  
9-pin D-Sub Female/Receptacle 
Connector (Non-Magnetic)  

Specifications are subject to change without notice. 

https://www.appliedphysics.com/
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4 – AP235 MECHANICAL DRAWING 
The sensor's enclosure is made from Aluminium 6061-T6 and it is anodized in 
black. 

 

Figure 3. Mechanical Drawing 
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5 – AP235 ELECTRICAL INTERFACE 
A single input voltage powers the AP235 that can vary between +8 and +36 VDC. 
The sensor draws less than 90 mA from the supply for regular operation. AP235 
utilizes RS-232 protocol to interface with other devices. The output baud rate is 
user programmable and can be set to the following values: 300, 1200, 2400, 4800, 
9600 (default), 19200, 38400. The data words employ 8 bits with one stop bit and 
no parity.   

If you want to secure the connector to the sensor, you must use non-magnetic 
brass screws. A male 9-pin D-sub connector is on the AP235 sensor. The pinout of 
this connector is as follows: 

 

Figure 4. Pin 1 and 9-pin D Connectors 

Table 2. Model AP235 Pin Connections for Cylindrical Packaging 

PIN FUNCTION 
1 Not Used 
2 RS-232 TXD  
3 RS-232 RXD  
4 Not Used 
5 Ground 
6 Reserved – Must be floating 
7 Reserved – Must be floating 
8 Configure – Must be floating 
9 + Voltage In 
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You must use a non-magnetic connector. Using widely available connectors 
can significantly impact the sensor's accuracy. The following list shows some of 
the non-magnetic connectors and parts that you may use with AP235. 

Table 3. Connector Compatibility 

MANUFACTURER MANUFACTURER DESCRIPTION PART NUMBER 
Harting D-Sub 9pin female crimp shell - non-magnetic version  09670094701500  

Molex FCT NM ML DSUB CRP RCPT 09 PN  1731140219  

Molex FCT NM ML DSUB SDR RCPT 09 PN  1731140505  

Molex FCT HOOD S1 45 DEG MTL W/SCRWLCK NM  
(Non-magnetic backshell)  

1731110470  

Molex FCT HOOD S1 0 DEG MTL W/SCRWLCK NM  
(Non-magnetic backshell)  

1731140142  
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6 –AP235 COMMANDS 
AP235 has two operation modes, these modes are ‘Stop’ mode and ‘Auto-Send’ 
Mode. In ‘Stop’ mode the sensor can accept various commands ( 

Table 4. Model AP235 Sensor Constants) and it can provide single readings. In 
‘Auto-Send’ mode the sensor outputs readings as soon as possible (bounded by 
baud rate). Figure 5. AP235 States/Modes shows these two modes and the 
process to go from one more to another. If the sensor is in ‘Stop’ mode, sending 
character ‘A’ and carriage return over RS-232 would bring the sensor to ‘Auto-
Send’ mode. From ‘Auto-Send’ mode a single character ‘S’ over RS-232 brings the 
sensor to the ‘Stop’ mode. 

 

Figure 5. AP235 States/Modes 

While  

Table 4. Model AP235 Sensor Constants shows the complete list of commands, in this section a 
high-level overview is provided. In this document ¶ and ↵ show Line Feed and Carriage Return, 

respectively. In this section and  

Table 4. Model AP235 Sensor Constants the light blue text represents sensor’s 
output. 

• If you want to check a value, you must use a question mark '?'.  
If you are going to set a value, you must use the equal sign '=.'   

• Carriage return (ASCII Code 0x0D) is needed at the end of all commands, 
except for the 'Stop' command.   
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• You can change the sensor's configuration only when the 'Stop' command 
has been sent or if the sensor is in ‘Stop’ mode. In 'Auto-Send' mode, the 
sensor ignores all commands except for the 'Stop' command.   

• The sensor echoes back everything it receives when in 'Stop' mode. This 
feature allows you to confirm sensor’s availability or baud rate mismatch. 

• In ‘Stop’ mode, the sensor outputs the command's first letter before printing 
other associated messages (check the table below).  
 
'¶': Line Feed (ASCII 0X0A) ➜ ‘ ‘: Space (ASCII 0X0A) ➜ Command's first letter 
(ex. ‘B’) ➜ ‘ ‘: Space (ASCII 0X0A)  

• In 'Stop' mode, the sensor outputs the following after completing 
every command (except for the 'Restart' command):   

 
'¶': Line Feed (ASCII  0X0A) ➜ '↵': Carriage Return 
(ASCII  0x0D) ➜ '¶': Line Feed (ASCII 0X0A) ➜ '>': Close Angle Bracket (ASCII 
0x3E)    

• The commands are not case-sensitive. 
 

Table 4. Model AP235 Sensor Constants 

CMD Inputs Response Bytes Description 

Stop S OK↵  
 

3 Put the Sensor in "Stop" Mod 

The following commands only work in “Stop” mode 
Help ?↵ (See Desr)  Outputs a Simplified Version of 

this Table 
Auto Send 
Mode 

A↵ ¶ A +0.1634 
+0.3245 -
0.4824 ↵  
¶+0.1634 +0.3244 
-0.4825 ↵  
¶+0.1635 +0.3245 
-0.4823 ↵  

 Puts the Sensor in the "Auto-
Send" Mode 
In this mode, the sensor outputs 
data continuously and as fast as 
possible. The only limiting 
factor in this mode is the baud 
rate. For several output samples 
for a given baud rate, refer Table 

https://www.appliedphysics.com/
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¶+0.1630 +0.3245 
-0.4825 ↵  
…  

2 . To bring the sensor out of 
"Auto-Send" mode, put the 
sensor in "Stop" mode.  
  
"…" indicates many more 
readings as long as the sensor 
remains in "Auto-Send" mode.  
  
In AP235's output, the sign ('+' or 
'-') is included for each reading, 
and each reading has 4 decimal 
places (trailing zeros are 
included in the output), giving 
the sensor's output a fixed 
length.  

Polled 
Output  

D↵  ¶ D +0.1633 
+0.3246 -0.4815 ↵  
¶↵  
 

 Outputs a Single Reading 
Unlike "Auto-Send" mode, this 
command outputs one 
reading. For the next reading, 
this command must be sent 
again. The Sensor Output 
column shows how 2 readings 
are extracted from the 
sensor using this command.  
  
In AP235's output, the sign ('+' or 
'-') is included for each reading, 
and each reading has 4 decimal 
places (trailing zeros are 
included in the output), giving 
the sensor's output a fixed 
length.  

Output 
Baud Rate 

B?↵  ¶ B Baud rate: 
9600 BAUD↵  
¶↵  

 Outputs its Current Baud Rate 
You must send the command in 
the matching Baud Rate for the 
sensor to respond correctly.  

Set Baud 
Rate 

B=#↵  (NOTE: This part is 
in the new baud 
rate ) 

 Sets Baud Rate to #  
AP235's baud rate can be set 
to 300, 1200, 2400, 4800, 9600, 

https://www.appliedphysics.com/
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 19200, or 38400. To set different 
baud rates, replace # with the 
desired baud rate. The 
sensor output is shown for 
"B=9600↵".  
Take note that once you send 
the command, the sensor 
changes the baud rate 
immediately.  

Output M?↵  ¶ M The Sensor is 
Currently In: ↵  
¶Corrected Data 
Mode↵  
¶Not in Auto-
Send Mode↵  
¶Data sent by 
UART↵  
¶Text mode↵  
¶Decimal mode↵  
¶Vector mode↵  
¶Baud rate: 9600 
BAUD↵  
¶↵  
 

 Outputs its Current Output 
Format 
 
AP235 is designed to work in one 
output format. However, this 
command lets you check the 
output format to 
keep AP235 compatible with 
other Applied 
Physics magnetometers 

 M=A↵  M Angle Mode↵  
¶↵  

 Angels Mode (prints vector, 
temperature, and YZ angle) 

 M=B↵  M BinaryMode↵  
¶↵  

6 Binary Output (prints X, Y, Z as six 
bytes) 

 M=C↵  M Corrected Data 
Mode↵  
¶↵  

 Corrected Data (apply 
calibration settings) 

 M=D↵  M Decimal 
Mode↵  
¶↵  

 Decimal Output (prints vector in 
gauss) 

 M=H↵  M Hex Mode↵  
¶↵  

 Hexadecimal Outputs (prints 
vector in hexadecimal) 

 M=K↵  M Table Counts 
Mode↵  
¶↵  

 Counts Output (prints vector in 
hexadecimal) 

https://www.appliedphysics.com/
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 M=R↵  M Raw Mode↵  
¶↵  

 Raw Data (uncorrected; cancels 
C) 

 M=V↵  M Vector Mode↵  
¶↵  

 Vector Mode (default; cancels A) 

 M=CDV↵    Set Output Format to AP235's 
Default 
For a detailed description, 
check the following commands  
M=C↵  
M=D↵  
M=V↵  
  
These settings result in AP235 
output becoming formatted to 
always print the sign ('+' or '-') for 
each reading, and each reading 
has 4 decimal places (trailing 
zeros are included in the output). 
This results in the output being a 
fixed length. Sample outputs are 
shown in Sensor Output column.  

Print 
Sample 
Rate 

R↵   Print the current sample rate 
setting 

Set Sample 
Rate 

R=rate↵   Set the sample rate setting 
(range 1 to 154 samples per 
second) 

Print 
Coordinate 
Axis 
Mapping 

@↵  See coordinate 
definitions below 

 Prints Coordinate Axis Mapping 

Set 
Coordinate 
Axis 
Mapping 

@=00↵ 
@=01↵ 
@=02↵ 
@=04↵ 
@=05↵ 
@=06↵ 
@=50↵ 
 

 [X,Y,Z] 
 [Y,Z,X] 
 [Z,X,Y] 
 [X,Z,Y] 
 [Y,X,Z] 
 [Z,Y,X] 
 [-X,Y,-Z] 
 

 Set Coordinate Axis mapping.  
This is a hexadecimal byte.  Bits 
0 and 1 set the primary axis 
(00=X, 01=Y, 10=Z).  Bit 2 swaps 
the second and third axis.  Bit 4 
inverts the X axis, bit 5 the Y axis, 
and bit 6 the Z axis 
 

https://www.appliedphysics.com/
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The internal coordinate system 
uses X as the primary axis.  (The 
standard Honeywell HMR2300 
setting is AxisMap=50.) 

Help ? ↵   Print available commands 
Reboot *↵   Reboot and abort calibration 

 

Table 5. Test Commands 

CMD Inputs Response Bytes Description 

Read E↵   Dump the contents of EEPROM 
in hexadecimal 

Print E=aaa ↵   Print the hex value of the given 
EEPROM location 

Factory 
Only Write 

W=aaaann↵   Factory only. Write a hex value 
nn to the given EEPROM 
location aaaa. 

Set 
Calibration 
 

$p=value↵   Manually set a calibration 
parameter p to a new value.   
Available constants are: 
   OX, OY, OZ – Offset for X,Y,Z; 
signed integer value 
   XX, YY, ZZ – Scale for X,Y,Z; 
signed floating point value 
   XY, XZ, YX, YZ, ZX, ZY – Orthos; 
signed floating point value 

  

https://www.appliedphysics.com/


 
 
DOC PN: 260-0605 DOC DESC:  AP235 User Manual   REVISION: A 

 

 
 

APPLIED PHYSICS SYSTEMS, INC. | APPLIEDPHYSICS.COM 

19 

6.1 Piccolo™ Compatible Command Set 
Piccolo™ compatible command set is a subset of the AP235 commands. Piccolo is 
a trademark of Collins Aerospace.  

6.1.1 Write Enable 
Many of the Piccolo compatible commands require that a Write Enable command 
be sent before they will execute. If there is an X in the WE column of the COMMAND 
INPUTS table below, the command requires a Write Enable. 

Table 6. Piccolo Compatible Write Enable 

CMD WE(1) Inputs(2) Response(3) Bytes Description 

Write 
Enable 

 *ddWE OK↵  
 

3 Activate a Write Enable. This is 
required before commands: Set 
Device ID, Baud Rate, and Store 
Parameters 

 

6.1.2 Device ID 
The Device ID command (*ddD=nn) will change the device ID number. A Write 
Enable command is required before the device ID can be changed. This is 
required for RS-485 operation when more than one device is on a network. A 
device ID = 99 is universal and will simultaneously talk to all units on the network. 

Table 7. Piccolo Compatible Device ID 

CMD WE(1) Inputs(2) Response(3) Bytes Description 

Device ID X *99ID 
*ddlD-nn 

ID-_nn-↵  
OK↵  
 

7 
3 

Read Device ID (Default =00) 
Set Device ID Where nn = 00 to 
98 
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6.1.3 Piccolo Compatible Commands 
This command set is use to communicate with the sensor. 

Table 8. Piccolo Compatible Commands 

CMD WE(1) Inputs(2) Response(3) Bytes Description 

Format X 
X 

*99A↵ 
*ddB↵ 

ASCII_ON↵ 
BINARY_ON↵  
 

9 
10 

ASCII – Output Readings in 
BCD ASCII Format (Default) 
Binary – Output Readings in 
Signed 16-bit Binary Format 
 

Output  *ddP↵ 
*ddC↵ 
ESC↵ 

(x,y,z reading) 
(x,y,z stream) 
(stream stops) 

7 or 28 
…. 
0 

P= Polled – Output a single 
sample (default) 
C = Continuous – Output 
readings at a sample rate 
Escape Key – stops 
continuous readings 

Sample 
Rate 

 *ddR=nnn↵ OK↵  
 

3 Set sample rate to nnn 
Where nnn= 10, 20, 25, 30, 
40, 50, 60, 100, 123, or 154 
samples/sec (Default =20) 

Baud Rate X *99!BR=S↵ 
 
*99!BR=F↵ 

OK↵  
BAUD_9600↵  
OK↵  
BAUD_19,200↵  

14 
 
14 

Set Baud Rate to 9600 bps 
(Default) 
Set Baud Rate to 19,200 bps 
(8bits, no parity, 1 stop bit) 

Re-Enter 
Response 

X 
X 

*ddY↵ 
*ddN↵ 

OK↵  
OK↵  

3 
3 

Turn the “Re-Enter” Error 
Response ON (*ddY) or OFF 
(*ddN). OFF is 
Recommended for RS-485 
(Default = ON) 

Query 
Setup 

 *ddQ↵ (see 
descripton) 

62-72 Read Setup Parameters. 
Default: ASCII, POLLED, S/R 
ON, ZERO OFF, AVG OFF, R ON, 
ID=00, 20 sps 

Default 
Settings 

X *ddD↵ OK↵  
BAUD_9600↵  

14 Change All Command 
Parameter Settings to 
Factory Default Values 

https://www.appliedphysics.com/


 
 
DOC PN: 260-0605 DOC DESC:  AP235 User Manual   REVISION: A 

 

 
 

APPLIED PHYSICS SYSTEMS, INC. | APPLIEDPHYSICS.COM 

21 

Restore 
Settings 

X *ddRST↵ OK↵  
BAUD_9600↵  
Or  
OK↵  
BAUD_19200↵  

14 
 
 
16 

Change All Command 
Parameters Settings to the 
Last User Stored Values in 
the EEPROM 

Serial 
Number 

 *dd#↵ SER#_nnnn↵  22 Output the serial number 

Software 
Version 

 *ddF↵ S/W_vers:_ 
nnnn↵  

27 Output the software version 
number 

Hardware 
Version 

 *ddH↵ H/W_vers:_ 
nnnn↵  

19 Output the hardware 
version number 

Store  
Parameters 

X *ddSP↵ DONE↵ 
OK↵ 

8 This writes all parameter 
settings to EEPROM. These 
values will be automatically 
restored upon power up. 

Too Many  
Characters 

 Incorrect 
Input 

Re-enter↵ 9 A command was not 
entered properly or 10 
characters were typed after 
an asterisk (*) and before a 
↵ 

Missing WE 
Entry 

 Write 
Enable Off 

WE_OFF↵ 7 This error response 
indicates that this 
instruction requires a write 
enable command 
immediately before it. 

 

(1) An “X” is in the column means that the command requires a Write 
Enable before it will execute 

(2) All inputs must be followed by a “↵”  carriage return, or Enter key. Either 
upper or lower case letters may be used. The device ID (dd) is a decimal 
number between 00 and 99. Device ID = 99 is a global address for all 
units.  

(3) The “↵” symbol is a carriage return (hex OD). The “_” sign is a space (hex 20). The 
output response will be delayed from the end of the carriage return of the input 
string by 2 msec (typ), unless the command sent as a global device ID = 99.  
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6.1.4 Supplemental Commands 
Three extra commands have been added to supplement the standard ones in the 
table above: 

 
Table 9. Supplemental Commands 

CMD WE Inputs Response Bytes Description 

ASCII 
gauss 

X *ddAG↵ 
 

(x,y,z 
reading) 
 

 Print ASCII gauss (similar to the 
M=D mode in the APS command 
set) 

Print Hex X *ddAH↵ (x,y,z 
reading) 

 Print ASCII hex (similar to the M=H 
mode in the APS command set) 

Set Serial 
Number 

X *ddWE 
*dd#= 
nnnn↵ 

No 
response 

 set the device serial number to 
nnnn 
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7 – AP235 SOFTWARE FEATURES 
The software is made of 5 sections, each section focusing on a specific task:  

• COM Configuration  
• Sensor's Real-Time Data  
• Sensor and Software Measurements in Graph  
• Sensor Communication Monitor  
• Azimuth and Magnetometer Roll 

 

 

Figure 6. Demo Software and its Five Sections 
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7.1 - COM CONFIGURATION 
In this section, you can specify the COM port and the baud rate of your 
interest. Take note that only Applied Physics interface box COM ports are listed.  

The baud rates are limited to AP235 baud rates which are: 300, 1200, 2400, 4800, 
9600, 19200, and 38400. 

 

 

  

Please select the COM port of your interest. Take 
note only Applied Physics Systems Interface Boxes 
appear in this list. 

You may select 300, 1200, 2400, 4800, 9600, 19200, 
38400 as the RS-232 baud rate, however you 
much make sure the sensor is set to operate in 
the same baud rate. The default baud rate 9600.  

Check Section 6 –AP235 COMMANDS section 
for more information on changing the sensor’s 
baud rate. 

“Refresh” button refreshes the list, so that newly 
connected interface boxes appear in the list. It 
may take up to several second for a newly 
connected devices to appear in the list. 

“Disconnect” button disconnects the Demo 
Software from the AP235 sensor connected to the 
selected COM port. After disconnecting the COM 
port can be used by other software. 

 It shows the status of the COM port. 
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7.2 – SENSOR’S REAL-TIME DATA 
In this section, you can specify the COM port and the baud rate of your This part of 
the software shows the latest sensor reading and the min and max values for 
each axis. "Total Mag" shows the total magnetic flux density, computed based on 
measurements along each axis. You may use the “Reset” Button to reset the min 
and max values. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Real-Time Sensor Data in Demo Software 

 

 

 

Magnetic flux 
density along 
AP235’s X axis in 
Gauss. 
Min: Shows the 
minimum value 
since last reset. 
Max: Shows the 
maximum value 
since the last 
reset. 
Reset Button: 
Reset the Min and 
Max value. 

Magnetic flux 
density along 
AP235’s Y axis in 
Gauss. 
Min: Shows the 
minimum value 
since last reset. 
Max: Shows the 
maximum value 
since the last 
reset. 
Reset Button: 
Reset the Min and 
Max value. 

Magnetic flux 
density along 
AP235’s Z axis in 
Gauss. 
Min: Shows the 
minimum value 
since last reset. 
Max: Shows the 
maximum value 
since the last 
reset. 
Reset Button: 
Reset the Min and 
Max value. 

Total Mag shows 
the total 
magnetic flux 
density. It is 
computed by 
finding the 
resultant vector 
from each axis.  
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7.3 – SENSOR AND SOFTWARE 
MEASUREMENTS IN GRAPH 
In this section of the Demo software, all readings and computed values are 
graphed versus time. X, Y, Z, and Total Mag are measured in Gauss, while Azimuth 
and Mag Roll are measured in degree. The graphs allow you to visualize the 
reading over time. 

 

Figure 8. Sensor and Software Measurements as a Graph in Demo Software 

 

7.4 – SENSOR COMMUNICATION MONITOR 
This section shows all the receiving data from the sensor in the format sent to the 
Demo Software. This helps users to monitor all the receiving data through RS-232. 
This section would be especially handy if you plan to develop a library to parse 
the data on different platforms. 

 

Figure 9. Sensor Communication Monitor in Demo Software. 
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7.5 – AZIMUTH AND MAGNETOMETER ROLL 
(MAG ROLL) 
Azimuth and magnetometer roll ("Mag Roll") are calculated within Demo 
Software using the readings from X, Y, and Z axis.  

While AP235 does not compute Azimuth and Mag Roll internally, Applied Physics 
Systems offers other sensors that compute Azimuth and Mag Roll internally.  

Please contact Applied Physics Systems for more information. 

 

 

Figure 10. Azimuth and Mag Roll in Demo Software 
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8 – CALIBRATION MODE  
WARNING: Command L will wipe out all calibration values. Do not use under 
normal conditions.  

To enable calibration of a magnetometer, a system for applying an accurately 
known field to the probe must be used. At the factory, a precision Helmholtz coil 
and special shielding is used.   

Ground pin 8 low to put into calibration mode. To start calibration, Enter L↵ Enter 
follow instructions on the screen.  

Contact Applied Physics System for re-calibration.  

9 – EARTH MAGNETIC FIELD 
The magnetic compass, which operates using the Earth's magnetic field, is the 
oldest navigation instrument. Even with GPS, the Earth’s magnetic field remains an 
important navigation tool providing accurate magnetic heading for directional 
drilling, towed arrays, magnetic compassing, inertial guidance systems, and 
magnetic anomaly detection. These systems use fluxgate-magnetometer 
sensors to measure differences in magnetic fields. Similar to your smartphones 
which have low-cost magnetometers to measure the magnetic field and work out 
which direction the phones are being held. All rely on the Earth’s magnetic field to 
tell which direction you are pointing. 

The Earth's magnetic field is primarily caused by the motion of molten iron in the 
outer core of the Earth. The outer core is composed of liquid iron and nickel, which 
are good conductors of electricity. The motion of this molten metal generates 
electrical currents, which in turn create magnetic fields. These magnetic fields 
interact with each other to create a complex and dynamic system of magnetic 
fields that surround the Earth. 

This process is known as a self-exciting dynamo. The motion of the molten metal 
in the outer core is thought to be driven by the Earth's internal heat, which causes 
convection currents in the liquid metal. As the molten metal flows, it generates 
electrical currents that create the Earth's magnetic field. 
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8.1 MAGNETIC FIELD IS NOT STATIC AND 
CHANGES OVER TIME 
The changes in the magnetic field are due to fluctuations in the motion of the 
molten metal in the outer core, changes in the Earth's rotation, ionosphere, and 
magnetosphere. The Earth’s magnetic field also undergoes periodic reversals, 
where the north and south magnetic poles switch places. 

8.2 WHAT CAUSES VARIATIONS IN THE 
EARTH’S MAGNETIC FIELD?  
There are several factors that cause variations in the Earth's magnetic field. Some 
of the main causes of variations in the magnetic field include: 

1. Core Dynamics: The Earth's magnetic field is generated by the motion of 
molten iron in the outer core. Changes in the speed or direction of this 
motion can cause variations in the magnetic field. 

2. Reversals: Over time, the polarity of the Earth's magnetic field has flipped 
many times. This process, called a magnetic reversal, can cause significant 
variations in the magnetic field. 

3. Crustal Changes: Changes in the magnetic properties of rocks in the 
Earth's crust can also cause variations in the magnetic field. These changes 
can be caused by geological processes like plate tectonics, volcanic 
activity, or changes in the Earth's climate. 

4. Solar Wind: The Earth's magnetic field is constantly interacting with the 
solar wind, a stream of charged particles emanating from the Sun. This 
interaction can cause variations in the magnetic field, especially during 
periods of high solar activity. 

5. Geomagnetic Storms: During periods of high solar activity, the Earth can 
experience geomagnetic storms, which are caused by disruptions in the 
solar wind. These storms can cause significant variations in the magnetic 
field, which can affect satellite and power grid operations. 

https://www.appliedphysics.com/
https://docs.google.com/document/d/1LPvJrIdcUy-7HrcdF9rdgWXC3HKpfF13gxUB05Om0-E/edit
https://docs.google.com/document/d/1LPvJrIdcUy-7HrcdF9rdgWXC3HKpfF13gxUB05Om0-E/edit


 
 
DOC PN: 260-0605 DOC DESC:  AP235 User Manual   REVISION: A 

 

 
 

APPLIED PHYSICS SYSTEMS, INC. | APPLIEDPHYSICS.COM 

30 

6. Other Factors: Other factors that can cause variations in the Earth's 
magnetic field include earthquakes, lightning, and human activity like 
mining and drilling. 

Overall, the Earth's magnetic field is a complex and dynamic system that is 
influenced by many different factors. Understanding these factors is important for 
mitigating the effects of magnetic field variations on tools. . 

8.3 HOW DO WE TRACK VARIATIONS IN THE 
EARTH’S MAGNETIC FIELD?  
Contemporary sea charts, topographical maps, and aeronautical charts do track 
changes in the Earth's magnetic field. The magnetic field is an important factor in 
navigation and map-making, and modern charts and maps are updated 
regularly to reflect changes in the magnetic field. 

For example, sea charts show magnetic declination, which is the difference 
between magnetic north and true north. This information is used by navigators to 
determine their position and plot a course. Topographical maps and aeronautical 
charts also show magnetic declination, as well as other magnetic field 
parameters such as magnetic inclination and magnetic field strength. 

To ensure that these charts and maps are accurate, they are updated regularly 
using data from a variety of sources, including magnetometers, satellites, and 
magnetic observatories. This ensures that drillers, navigators  and other users of 
the charts and maps have the most up-to-date information on the Earth's 
magnetic field. 

8.4 WHAT IS THE CURRENT MAGNETIC FIELD 
OF THE EARTH?  
The current state of the Earth's magnetic field is described by the International 
Geomagnetic Reference Field (IGRF), which is updated every five years based on 
measurements from a global network of ground-based and satellite-based 
instruments. The most recent version of the IGRF is the 13th generation, which was 
released in 2020. 
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The IGRF provides a mathematical model of the Earth's magnetic field that can be 
used to predict the behavior of the magnetic field at any point on the Earth's 
surface. It includes parameters such as magnetic declination, magnetic 
inclination, and magnetic field strength, which are used in navigation, exploration, 
and other applications that rely on the Earth's magnetic field. 

 

The following figures reflect maps of declination, inclination, horizontal intensity, 
vertical intensity, and total intensity at 2020.0, derived from the 13th Generation 
IGRF model. 

 
 

Figure 11. Map of Declination (Degrees East or West of True North) at 2020.0 

 

 

Image source: http://www.geomag.bgs.ac.uk/education/earthmag.html 
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Figure 12. Map of Inclination (Angle in Degrees Up or Down that Magnetic Field Vector is from the 
Horizontal) at 2020.0 

 

 

Image source: http://www.geomag.bgs.ac.uk/education/earthmag.html 
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Figure 13. Map of Horizontal Intensity at 2020.0 

 

Image source: http://www.geomag.bgs.ac.uk/education/earthmag.html 
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Figure 14. Map of Vertical Intensity at 2020.0 

 

 

Image source: http://www.geomag.bgs.ac.uk/education/earthmag.html 
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Image source: http://www.geomag.bgs.ac.uk/education/earthmag.html 

 

8.5 THE EARTH'S MAGNETIC FIELD IN 
APPLICATIONS 
 

It is important to note that the Earth's magnetic field is constantly changing, and 
these changes can have significant effects on drilling, navigation and other 
activities that rely on the magnetic field. As a result, it is important for users of 
these charts and maps to stay informed about changes in the magnetic field and 
to update their charts and maps regularly to ensure their accuracy. Tracking 
these updates is a crucial example of the earth's magnetic field functioning as a 
tool.  
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Further, the earth's magnetic field serves as a tool with directional drilling, 
geomagnetically induced currents, satellite operations, and exploration 
geophysics (can be easily considered a hazard at high altitudes if there is failure 
to remove daily variations and magnetic storm effects before interpretation.) 
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