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 Chapter 1 
System Description 

1.1  Introduction 
The Princeton Measurements Corp. Model 3900 MicroMagTM Vibrating 
Sample Magnetometer (VSM) is a highly sensitive (0.5 µemu at 1 s per 
point), compact, computer-controlled susceptibility measurement 
system, capable of measuring the magnetic properties of a wide range of 
sample materials. The compact transducer assembly permits the use of 
small high-performance laboratory electromagnets (2-inch or 4-inch pole 
face diameter) and state-of-the art, pulse-width modulated bipolar 
magnet power supplies. 

The applied field is continuously monitored by a built-in Hall-effect 
gaussmeter. A corresponding feedback signal provides precise servoed 
control in both field sweep or static mode conditions. 

The mechanical transducer assembly features precision X-Y-Z 
translation, vibration isolation, continuous rotation about the Z axis 
under computer control, and a quick disconnect collet for efficient 
sample changing. 

An optional low temperature cryostat, high-temperature oven and fully 
integrated temperature controller extend the 3900’s operating range, 
enabling precise sample studies from cryogenic temperatures as low as 
10 K all the way to 800°C.  

A comprehensive Windows®-based operating software package provides 
automatic procedures to assist the operator in positioning the sample, 
demagnetizing and determining various sample parameters, including 
saturation magnetization, retentivity, switching field distribution, 
squareness ratio, slope correction, coercivity, coercivity of remanence, 
time dependence, etc. from raw data. 

The MicroMag VSM system includes a PC-compatible computer, 
Windows operating software, LCD monitor and color inkjet printer. 
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1.2  Theory and Description 
The Model 3900 MicroMagTM is a high sensitivity (0.5 µemu at 1 second 
per point), high-performance vibrating sample magnetometer. Basically, 
the magnetometer works by vibrating the sample vertically at the 
midpoint of the field produced by the laboratory magnet. Any resulting 
moment causes a proportional signal to be developed in the adjacent 
signal pickup coils. (Figure 1 illustrates the position of the sample with 
respect to the magnet pole pieces and pickup coils.) Special signal 
processing techniques assure that the resulting measurement will be 
dependent solely on the amplitude of the moment and independent of 
the drive amplitude. The result is a magnetometer system that is highly 
accurate, robust, sensitive and easy to use.  

��������� 	�
���������������

	����
��

���������

����������
 

Figure 1.  Orientation of Magnet, Coils and Sample 
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1.3  System Specifications 

Magnetic Moment Measurement 

Range:    50 μemu to 10 emu full scale 
Resolution:    0.005% of full scale with 60% overrange capability 
Accuracy:    2% vs. calibration with Standard Reference Material® 

2853 YIG Sphere from the U.S. National Institute of 
Standards and Technology 

Sensitivity:   0.5 μemu standard deviation (room temperature 
operation, 1 sec. averaging time) 

Stability:    ≤10-4 per hour at constant ambient temperature 
 ≤5(10-4) per degree C (vs. ambient temperature)  

Repeatability:  1% standard deviation (sample undisturbed)  
2% standard deviation (sample removed and replaced)  

Sample Mass: 10 grams (maximum) 

Magnetic Field Measurement/Control 

Ranges:   30 Oe, 100 Oe, 300 Oe, 1 kOe, 3 kOe, 10 kOe, and 
30 kOe full scale 

Resolution:  0.005% of range in use, with 60% overrange 
Accuracy:  2% of indication ±1 Oe 
Noise:  5 mOe rms (l00 ms averaging time)   
Stability:   0.01% of full scale, ±0.02% of reading per degree C 

Software 

Language: Visual Basic 6.0 

Features:  Windows®-based operating software 
Efficient demagnetization routine 
Time dependence 
Multiple segments 
Choice of cgs or SI units 

Parameters Measured:   
• Magnetization curves • Coercivity  
• Magnetization vs. time  • Initial permeability 
• Minor loops • Squareness ratio 
• Saturation 

magnetization 
• Dia-/paramagnetic 

susceptibility 
• Isothermal remanent 

magnetization 
• Switching field 

distribution  
• S* 
• DC demagnetization 

remanence 

• Coercivity of remanence 
• First order reversal 

curves (FORC) 
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Data Processing:   
    Expand and offset 
    Background subtraction 
    Demagnetization factor correction 
    Slope correction (e.g., for dia/paramagnetic substrate) 
    Normalization for sample mass or volume 

Computer System 

Computer: PC-compatible computer and Windows operating 
system  

Monitor: LCD 

Graphics printer: Color inkjet printer 

Optional Variable Temperature Cryostat 

Type: Continuous flow (liquid helium)  

Temperature range: 10 K to 473 K  (liquid helium) 

 125 K to 473 K (liquid nitrogen) 

Temperature accuracy:  ±1% of set temperature ±1 K 

Resolution: 100 mK  

Cryostat cooldown time: 30 minutes to 10 K 

Sample cooldown time:  2 min. to 10 K (cold cryostat) 

Cryostat inside diameter: 6 mm (sample zone) 

Cryostat outside diameter: 11 mm (Magnet air gap - 20 mm) 

Temperature sensor:  Chromel vs. Au 0.07 atomic % Fe, located 
approximately 10 mm below sample 

Noise:   2 μemu Standard Deviation at 1 second 
averaging time 

Temperature slew rate:  Approximately 5 minutes full span  
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Optional High Temperature Oven 

Type:  Continuous flow (liquid Helium or Argon gas) 

Temperature range:  100º C to 800º C  

Temperature accuracy:  ±0.75% of set temperature, ±2.2º C 

Resolution: 0.1º C 

Temperature slew rate:  Approximately 3 minutes full span 

Temperature sensor:  Type K 

Sample chamber: Fused silica, inside diameter 6 mm (sample 
zone), outside diameter 11 mm (magnet air 
gap = 20 mm) 

Sample holder: Macor 

Gas flow: Approximately 5 liters per minute 

Two-Inch Electromagnet 

Weight:   50 kg (110 lb.) 

Width:    61 cm (24 in.), including bell cranks used to 
adjust magnet gap 

Depth:    61 cm (24 in.) 

Height:   152 cm (60 in.), including translation stages and 
console 

Resistance: 5.0 Ω (series-connected coils) 

Inductance: 100 mH (series-connected coils) 

Maximum current: 15 A 

Water cooling: 2 liters (0.5 gal.) per minute at full power 

Air gap:  Adjustable, 1.3 - 7.6 cm (0.5 to 3.0 in.) 

Poles:  5.1 cm (2 in.) diameter 

Pole caps:  Cylindrical 5.1 cm (2 in.) diameter 

Maximum Field: 12 kOe @ 12 mm (0.5 in.) air gap 

 10 kOe @ 20 mm (0.75 in.) air gap, with cryostat 
or oven assembly 

Four-Inch Electromagnet 

Weight: 261 kg (575 lb.)  

Width: 94 cm (37 in.), including bell cranks used to 
adjust magnet gap  

Depth: 61 cm (24 in.)   
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Height: 178 cm (70 in.), including translation stages and 
console 

Resistance: 2.5 Ω (series-connected coils)  

Inductance: 1.2 H (series-connected coils)  

Maximum current:  45 A  

Water cooling: 8 liters (2.0 gal.) per minute at full power 

Air Gap:  Adjustable, 1.3 - 8.9 cm (0.5 to 3.5 in.)  

Poles: 10.2 cm (4 in.) diameter  

Pole caps: Tapered to 5.1 cm (2.0 in.) diameter  

Maximum field: 22 kOe @ 12 mm (0.5 in.) air gap  

 18 kOe @ 20 mm (0.75 in.) air gap, with cryostat 
or oven assembly  

Power Supply (For 2-Inch Electromagnet) 

Enclosure: Rackmount chassis, 14 cm (5.5 in.) in height, 48 
cm (19 in.) in depth 

Weight: 14 kg (301b.) 

Input electrical power: 200/208/381/416 Vac (three-phase), 50 or 
60 Hz, 3 kVA, three-wire plus earth ground 

Output: ±100 Vdc @ ±15 A 

Type: Bipolar, wideband pulse-width modulated power 
amplifier 

Regulation: Feedback control of magnetic field 

Cooling: Forced air 

Protection: Magnet coolant flow shutdown 
Overvoltage shutdown 
Overcurrent shutdown 
Overtemperature shutdown 

Power Supply (For 4-Inch Electromagnet) 

Enclosure: Rackmount chassis 14 cm (5.5 in.) height x 
48 cm (19 in.) depth. Remote transformer 
mounting assembly 56 cm (22 in.) length x 
51 cm (20 in.) width x 41 cm (16 in.) depth. 

Weight:  Rackmount chassis 19 kg (44 lb.) 
Remote transformer mounting case assembly 
88 kg (194 1b.) 
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Input electrical power:  200/208/381/416 Vac (three-phase), 50 or 
60 Hz, 6 kVA, three-wire plus earth ground 

Output:  ±125 Vdc @ ±45 A 

Type:  Bipolar, wideband pulse-width modulated power 
amplifier 

Regulation:  Feedback control of magnetic field 

Cooling: Forced air 

Protection: Magnet coolant flow shutdown 
Overvoltage shutdown 
Overcurrent shutdown 
Overtemperature shutdown 
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 Chapter 2 
Installation 

2.1  Safety Precautions 
The Model 3900 MicroMagTM VSM is supplied in a safe electrical 
condition. However, new equipment should be thoroughly inspected for 
shipping damage before attempting to install and use it. 

Warning!  Concealed shipping damage may render the 
protective ground conductor ineffective (open circuit). 
Attempting to operate the equipment may create a 
dangerous condition to personnel and cause further 
damage to the equipment. 

If shipping damage is noted, do not attempt to operate the equipment. 
Notify PMC and file a claim with the carrier. Hold all shipping 
containers for inspection by the carrier. 

2.1.1  Safety Ground 

The Model 3900 uses a protective conductor in the line cord connecting 
the equipment ground to earth ground for operator safety and proper 
operation (See Figure 2). 

 
Figure 2.  AC Input Power Plug 

Warning!  Do not attempt to defeat the protective 
ground conductor by any method, inside or outside the 
equipment. Using an adapter or extension cord without a 
protective ground connection may make the equipment 
dangerous to personnel. 

Be sure the AC service the equipment will be connected to is grounded 
for operator safety and proper operation. 



CHAPTER 2 
INSTALLATION 2.3  Installer Qualifications 

 10 

2.1.2  Input Voltage and Line Fuse Selection 

Before plugging in the power cord, check that the voltage selection on 
the instrument matches the voltage from the AC power source. 

Warning!  Equipment set for 110V AC input may incur 
electrical damage if operation is attempted on 220V AC. 

The Model 3900 MicroMagTM Controller will operate from: 

90-260VAC RMS 
48-62 Hz 
130 VA Max 

Note: To change the AC input voltage on ancillary equipment used with 
the MicroMagTM System (i.e., computer, color monitor, and printer) refer to 
the specific instructions in the manufacturer’s operating manual. 

2.2  Packing List 
 A separate packing list is located in the insert pocket in the front of 
this manual. Please refer to it before starting the installation procedure. 

2.3  Installer Qualifications 
Installation of the MicroMagTM System requires no special tools, 
procedures or equipment. However, the installer should have some 
familiarity and experience with laboratory instrumentation, and 
demonstrate good laboratory practice. It should be noted that initial 
installation, calibration, and training is normally provided either by 
factory personnel or by a factory authorized representative. Although 
installation of a system on a 2-inch magnet is possible, it would 
ordinarily be discouraged. In the case of installation on a 4-inch 
magnet, there is no alternative but to have the installation performed by 
factory personnel or an authorized representative. Thus, customers 
would not ordinarily need to refer to the instructions in this chapter. 
Nevertheless, they are provided as a handy reference and could prove 
helpful, for example, if the system should ever need to be relocated. 

Assembling and leveling the electromagnet/transducer stage will 
require following the installation instructions in sequence as noted in 
Section 2.9. 
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2.4  Required Hand Tools 
1. 8" dual bubble level (or equivalent) 
2. Pickup Coil Removal Tool (1/16" hex) 
3. 1/2" open end or box wrench 
4. 7/16" open end or box wrench 
5. 1/4" flat blade screwdriver 
6. #1 Phillips screwdriver 
7. Allen wrenches as follows: 

a. 3/32"      f.  7/32” 
b. 7/64"      g. 5/16" (for 4” system) 
c. 9/64"      h. 5 mm (for VSM drive assembly plate) 
d. 5/32"       i.  3mm (for top cover) 
e. 3/16" (for 2” system) 

8. Hollow shaft nut driver 
a. 5/16” (for 2” system) 
b. 7/16” for (4” system) 

9. 3/4” open end or box wrench (for IsoFrame feet) 

2.5  AC Input Power Requirements  
Check for voltage compatibility before connecting any 
equipment. 

2.5.1  Electronics 

750 watts maximum for the following equipment, items a through d. 
(Approximately 6.5 Amps @ 120VAC 50/60Hz or 3.25 A @ 220 VAC 
50/60 Hz)  

a) Model 3900 MicroMagTM Controller 
b) Personal Computer 
c) Color Monitor 
d) Printer     

2.5.2  Bipolar Power Supply for 2" Electromagnet  

200/208/381/416 Vac (three-phase), 50 or 60 Hz, 3kVA, three-wire 
plus earth ground 

2.5.3  Bipolar Power Supply for 4" Electromagnet            

200/208/381/416 Vac (three-phase), 50 or 60 Hz, 6kVA, three-wire 
plus earth ground 
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Caution! 

2.6  Installation Site Requirements 
If possible, locate a ground floor site to install the system. In most cases 
the ground floor site will attenuate a large portion of stray building 
vibrations that may effect the system. As with any high sensitivity 
magnetic measurement system, the ultimate performance may be 
compromised by the laboratory environment. Select a location away 
from rotating machinery, spark gaps, blowers, pump motors and high 
velocity ventilation systems. The weight of the electromagnet used with 
the MicroMagTM will dictate floor-loading requirements.  

Note: In either system below, an instrumentation console is included for 
mounting the electromagnet and related controllers. Select a table to 
support the personal computer, monitor and printer. 

2.6.1  MicroMagTM Systems with Two (2) inch Electromagnet. 

Two (2) inch electromagnets weigh approximately 50Kg (110 lbs). 

 2.6.2  MicroMagTM Systems with Four (4) inch Electromagnet. 

Four (4) inch electromagnets weigh approximately 272Kg (600 lbs.). 

Note:  Because of the increased weight of the four (4) inch 
electromagnet is assembled on site.  

2.7  Cooling Water Requirements for the Electromagnet 
When operating the electromagnet continuously at full 
power, it is recommended that the cooling water flow be 
maintained for an additional 10 to 15 minutes after turning 
off the power supply to the electromagnet. This procedure 
will dissipate heat generated within the core of the magnet 
winding, reducing thermal buildup. 

Note: Ordinary tap water, or a closed cycle water chiller is suitable. If a 
water chiller is to be used, be sure the temperature is adjusted so no 
condensation accumulates on the electromagnet pole pieces. 

2” Electromagnet requires approximately 2 liters (0.5 gal.) per minute. 
(pressure drop across electromagnet 10 to 12  pounds per square inch.) 
Inlet temperature: 10 to 15 C (50 to 60○F). 

Note: A water flow switch is supplied with the system along with two 
25-foot lengths of high pressure hose, 3/8” inside diameter (9.5 mm). 

4” Electromagnet requires approximately 8 liters (2 gal.) per minute. 
(pressure drop across electromagnet 10 to 12  pounds per square inch.) 
Inlet temperature: 10 to 15 C (50 to 60○F). 

Note: A water flow switch is supplied with the system along with two 
25-foot lengths of high pressure hose, 1/2” inside diameter (12.7 mm). 
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High Temperature Shutdown Protection 
The operating temperature of the magnet power supply is continuously 
monitored during operation for over temperature conditions. The 
magnet power supply will automatically shut down if excessive 
operating temperatures are detected. 

The electromagnet coils are protected by a waterflow interlock switch. 
The magnet power supply will automatically turn off the DC output to 
the magnet if sufficient cooling water flow to the magnet is not 
maintained. Four-inch magnet coils also have two high temperature 
sensors installed in the back above the main connection block of each 
magnet coil. The sensors are connected in series with the water flow 
switch. 

2.8  Ambient Operating Temperature 
The MicroMagTM System operates satisfactory over normal ambient 
room temperatures, typically ranging between 15 degrees centigrade (59 
degrees Fahrenheit) to 35 degrees centigrade (95 degrees Fahrenheit). If 
you require additional information installing the MicroMagTM System, or 
have specific questions pertaining to your laboratory, please contact the 
factory directly. 

2.9  Installation Procedure  

2.9.1  Two-inch Electromagnet and Magnet Power Supply 

1. After determining a location for the MicroMagTM, locate the box 
containing the electromagnet.  

2. Unscrew and remove six lag bolts from the base of the wooden 
shipping crate.  

3. Carefully lift off the top section (top and sides) of the crate.  

4. Remove the packing material and store it in the shipping crate. 

5. Remove four bolts from the base plate of the electromagnet. This will 
allow the magnet assembly to be removed from its shipping pallet. 

Note:  Due to the increased weight of the four (4) inch electromagnet, 
it is supplied disassembled, in five separate wooden crates. It is to 
be assembled on top of the aluminum support table supplied with 
four (4) inch systems. 

6. Place the electromagnet in position on the instrumentation console. 

7. Remove any additional packing material and shipping tape from the 
magnet assembly. 
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8. Unwrap the DC input cable to the magnet and position it towards 
the back of the magnet. 

9. Locate the plastic bag containing the four magnet mounting bolts, 
flat-washers and nuts. Install with the nuts and flat washers on top. 

10. Check the magnet assembly to be sure it is level. Make any 
necessary leveling corrective adjustments with the adjustable feet 
on the bottom of the instrumentation console.  

11. The air gap on 2" electromagnets was set and locked at the factory. 
Be sure the two pole piece locking cap screws did not work loose in 
transit. 

12. On systems configured for room temperature measurements, the air 
gap should measure 12 mm (0.5 in.) between pole faces. If 
readjustment is required, or future repositioning to accommodate 
optional variable temperature accessories, be sure the pole pieces 
extend equally into the air gap and are locked securely before 
energizing the magnet. 

13. Locate the water flow switch and cooling water hose supplied with 
the system.  

14. Mount the water flow switch vertically approximately 1 meter (39.4") 
away from the electromagnet.  

15. Observe the inlet and outlet connections on the flow switch and be 
sure to connect the flow switch to the outlet side of the 
electromagnet cooling water line. Two lead wires on the flow switch 
will ultimately be connected to terminals on the back panel of the 
bipolar power supply labeled "Flow Switch".  

16. Connect the water supply and drain hose as required. 

17. Turn on the water and check all hose connections for leaks. 

2.9.2  Magnet Power Supply 

1. Locate the Magnet Power Supply. Carefully remove it from its 
shipping box.  

2. Remove all excess packing material and install the power supply in 
front of the aluminum console, about 30 cm (1 ft) above the floor. 
Refer to the following instructions to properly connect the power 
supply. 

 Note:  It will not be necessary for the operator to access the front 
panel controls of the power supply during normal operation. The front 
panel controls are used only during the "precheck" procedure, to 
"manually" operate the power supply, or during "trouble shooting". 
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Figure 3.  PMC Magnet Power Supply (Front View) 

 
Figure 4.  PMC Magnet Power Supply (Rear View) 

3. Use a 3 mm Allen wrench to remove the 2 screws from the back of 
the top cover and remove cover. 

4. On the back of the chassis you will see a metal bar across the top, 
note which side is facing up. Remove the 2 screws (one on each side) 
and remove the bar. 

 
Figure 5.  Magnet Power Supply Interior 

5. Insert the cable from the magnet into the cable clamp on the left, 
labeled MAGNET DC OUT. See Figure 4. 
a. Connect the green wire to the terminal on the back panel with 

the ground symbol. See Figure 6. 

b. Connect the white wire to the magnet white magnet terminal. See 
Figure 6. 

c. Connect the black wire to the black magnet terminal. See  
Figure 6. 
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Figure 6.  MAGNET DC OUT (white  

and black wire connections) 

 
Figure 7.  DC OUT (wire connections) 

6. Insert the cable from the transformer back panel (labeled DC OUT) 
into the right cable clamp on the back panel of the power supply 
labeled DC IN. See Figure 4. 
a. Connect the white wire to the terminal on the hbridge labeled 

WHT, there will be another white wire on this terminal. See 
Figure 7. 

b. Connect both the black and green wires to the terminal on the 
back panel labeled WHT/GRN. There will be another green wire 
already on this terminal. See Figure 7. 

7. Tighten the nuts on both cable clamps so the wire cannot be moved. 
Replace the bar on the top rear of the chassis with the correct side 
facing up, and the top cover. 

8. Slide the chassis into the rack. 

9. On the back of the power supply make these connections. 
a. RS232 plug to COM 1 of the computer. 

b. Plug coming from fans (red and black twisted wire) to EXTERNAL 
FANS connector. 

c. Flow switch (orange twisted wires) to THERM / FLOW SWITCH 
connector. 

d. Connect a BNC cable from the MAGNET CONTROL BNC to the 
MAGNET POWER SUPPLY BNC on the rear panel of the 
MicroMag Controller. 

e. Connect the cable with the 6-pin connector coming out of the 
back of the power supply to the connector labeled MAGNET 
CONTROL on the transformer back panel. The locking tab will 
face up. 
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2.9.3  Model 3900 MicroMagTM Controller 

1. Locate the box containing the MicroMagTM controller and the sample 
rod bx.  

2. Carefully remove the controller and install it in the aluminum 
console. 

3. Refer to Figure 8 and Figure 9 for cable locations and a description 
of the chassis layout. 

4. Connect AC line cord to the power strip. 

Note:  An AC power strip is provided with the system to conveniently 
switch the AC supply to the MicroMagTM controller, computer, monitor 
and printer. Locate it convenient to the operator, connecting it to an 
AC source. Leave the AC switch on the power strip in the OFF 
position at this time. 

 
Figure 8.  MicroMagTM Controller (Front View)  

Note: Front panel BNC connectors are for troubleshooting only. 

 
Figure 9.  MicroMagTM Controller (Rear View)  

2.9.4  Computer Chassis and Monitor 

1. Locate the two boxes containing computer and monitor.  
2. Carefully remove the computer chassis and position it in a 

convenient location on the table. 
3. Locate the keyboard, mouse, and color monitor and connect them to 

the computer chassis. The monitor should be positioned about 1 to 
1.5 m from the electromagnet.  

4. Connect both AC line cords to the power strip. 
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2.9.5  Printer 

1. Locate the box containing the printer.  

2. Carefully unpack and position it in a convenient location on the 
table and connect it to the computer. 

3. Please refer to the manual supplied with the printer for additional 
information. 

4. Connect AC line cord to the power strip. 

2.9.6  IsoFrame  Assembly Instructions 

The IsoFrame is supplied with Vibrating Sample Magnetometers (VSMs) 
and with the Convertible AGM-VSM magnetometers. Each frame has 
been previously assembled at the factory and at that time the side 
frames and crossrails were labeled to assist in on-site assembly. After 
the individual pieces were marked, the frame was disassembled and 
crated for shipment.  

Parts Supplied 
(2)  Side Frames (right and left) 

(3)  Crossrails (top, center, bottom)  

Tools Required 
(3) 8 mm Allen wrenches 

(4) 5 mm Allen wrench 

(5) (1)  Bubble level 

(6) (1)  1/2" open end or box wrench 

(7) (1)  7/16" open end or box wrench  

(8) (1)  3/4" open end or box wrench 

Number of People Required 
2 
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Procedure 
Steps 1-9 of this procedure can be performed by one person. Steps 10-
27 require two people to position and fasten the right frame to the left 
frame assembly and to mount the VSM driver assembly onto the 
IsoFrame. 

1. Uncrate the IsoFrame.  

2. Place the bottom crossrail on the floor 
so the tabbed end is to the left and the 
“BOTTOM” label is facing up. 

3. With the Allen wrench handy, stand 
up the left frame at the left end of the 
crossrail so the crossrail tab will fit 
into the vertical groove on the frame 
(Figure 10). 

4. While supporting the frame, insert the 
Allen wrench into the captured bolt 
from the left side of the frame, and 
turn the wrench clockwise to screw 
the frame and the crossrail together.  

5. Insert the Allen wrench into the 
captured bolt for the “CENTER” 
crossrail. This holds the bolt in 
place. 

6. Next, holding the “CENTER” 
crossrail, position its left end so 
the label is facing up and the tab 
fits into the vertical groove. 
Then screw the frame and 
center crossrail together. 

7. Insert the Allen wrench into the 
captured bolt for the “TOP” 
crossrail. This holds the bolt in 
place.  

8. Holding the “TOP” crossrail, 
position its left end so the label 
is facing up and the tab fits 
into the HORIZONTAL groove. 
Then screw the frame and top 
crossrail together. 

9. Firmly tighten the bolts for the “BOTTOM” and “CENTER” crossrails. 
 You may want to use a wrench to apply torque to the Allen wrench. 
The bolt for the “TOP” crossrail will be tightened down later. 

Figure 10.  Left Frame with 
Bottom Crossrail 

Figure 11.  Frame Assembly 
on Floor 
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10. With another person, place the frame assembly on the floor so the 
crossrails are vertical (Figure 11). 

TIP: When fastening the right frame to the crossrails, the Allen 
wrenches should turn easily. This procedure has you gradually and 
evenly fastening the right frame to the crossrails. The tightening 
sequence should prevent binding. If you notice that it is harder to 
turn one of the wrenches, loosen that bolt and the previous bolt and 
then switch back and forth between the two wrenches, gradually 
tighten the bolts, and return to the fastening sequence. 

11. Insert the 3 Allen wrenches into the right frame 
captured bolts. This will ensure that the 
bolts do not slide out of position. 

12. Have one person hold the 
right frame in place on the 
crossrails while the other 
person sequentially screws as 
indicated in the following 
steps (Figure 12).  

13. Starting at the “TOP” crossrail, 
turn the Allen wrench 3 times, 
and leave it in place. 

14. Move to the “CENTER” crossrail, 
turn the Allen wrench 3 times, and 
leave it in place. 

15. Move to the “BOTTOM” crossrail, 
turn the Allen wrench 3 times, and leave it 
in place. 

16. Return to the Allen wrench at the “TOP” 
and turn it another 3 times. Move to the 
“CENTER” wrench, turn it 3 times, and do 
the same with the “BOTTOM” wrench. 

17. Repeat Step 16 until the frame is fully 
fastened. Then, you may want to use a 
wrench to apply torque to the Allen 
wrenches at the “BOTTOM” and “CENTER” 
positions. 

18. Stand the IsoFrame upright (Figure 13). 

19. Make sure that the “CENTER” crossrail” 
is flush or slightly below the top of the 
side frames. This may require that you 
loosen the crossrail end bolts, lightly tap the crossrail down, and 
then retighten the bolts. This step ensures that there will be no 
interference when the VSM platform is slid to its rear position on the 
frame (for example, when a convertible AGM-VSM unit is being 
switched to AGM operation). 

Figure 12.  Tightening down 
the Right Frame 

Figure 13.  Assembled 
IsoFrame 
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20. At both ends of the “TOP” crossrails, apply torque to the Allen 
wrenches. You may want to use a wrench. 

21. Position the IsoFrame around the magnetometer cabinet so the left-
right distances are equal.  

22. Move the captured forward nuts at the top of the IsoFrame to the 
front of the frame. Move the rear nuts to the back. 

23. With a partner, lift the VSM 
plate  onto the top of the 
IsoFrame. Position it so the rear 
plate mounting holes are 
aligned with the rear captured 
nuts. Insert two of the black 
round head bolts into the rear 
mounting holes and begin 
tightening them with the 5 mm 
Allen wrench. Do no tighten 
down yet. 

24. Slide the VSM plate to the front 
of the frame (Figure 14).  

Note: Be sure the two front captured 
nuts line up with the holes at the 
front of the aluminum frame. 

25. Insert the remaining two black button head bolts into the front 
mounting holes and begin tightening them with the 5 mm Allen 
wrench. 

26. Tighten down all four bolts. 

27. Carefully slide the frame forward or backward, until the collet of the 
VSM assembly is centered front-back between the coils. 

28. With a level on the VSM plate, make any necessary leveling 
corrections with the adjustable feet on the bottom of the IsoFrame. 

2.9.7  VSM Drive Assembly Plate 

This installation assumes that an IsoFrame has been assembled and 
that the VSM drive assembly plate is already mounted to the top of the 
frame.  

1. Using the 5 mm Allen wrench, loosen the four (4) the black round 
head bolts securing the VSM drive assembly plate to the IsoFrame. 

2. Slide the VSM assembly to the front of the frame (Figure 14). 

Note: Be sure the four captured nuts line up with two holes at the 
front of the aluminum frame and two holes near the center of the 
aluminum frame. 

3. Tighten down all four bolts. 

Figure 14.  VGM Plate at 
Forward Position 
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4. Carefully slide the frame forward or backward, until the collet of 
the VSM assembly is centered front-back between the coils.  

5. With a level on the VSM plate, make any necessary leveling 
corrections with the adjustable feet on the bottom of the IsoFrame. 

 
Figure 15.  VSM Driver Assembly Plate (Front View)  

2.9.8  Hall-Effect Probe Installation (Applies to 4” system only) 

Warning!  The Hall-effect probe, especially the sensing tip is very 
fragile; use extra care in handling and installing this assembly. 

 Note: The sensing tip of the Hall-effect Probe will have a white dot 
painted on one side. Correctly installed it should face the right pole 
piece of the electromagnet viewed from the front.  

1. Locate the assembly and carefully place it on a table before 
proceeding. 

2. Refer to Figure 16 (rear view) and note the mechanical position of 
this assembly. 

3. Carefully move the Hall-effect probe assembly into position taking 
care, guiding the delicate sensing tip into position locating it in the 
middle of the air gap, about 1/8" (3.2mm) below center. 
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Figure 16.  VSM Drive Assembly Plate (Rear View) 

4. Attach the rear mounting plate of the assembly to the back of the 
magnet support sides, and secure with four cap screws previously 
removed. 

5. The Hall-effect sensing element is embedded in the tip of the probe 
approximately 1/16" (1.6mm) back from the end. The sensing 
element should be positioned in the air gap approximately 1/8" 
(3.2mm) below and towards the back of center. 

To set the position of the Hall-effect probe, loosen three stainless steel 
thumbscrews holding the probe in position; make the necessary vertical 
or horizontal adjustments and re-tighten the thumbscrews. 
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2.9.9 Sample Rod Runout Alignment 
At installation, each VSM is adjusted for Sample Rod Runout. This 
adjustment ensures that the sample rod is centered vertically in the pole 
gap as the Rotation Scale turntable is rotated. Although it is unlikely 
that you will need to perform this adjustment, the following procedure is 
easy to perform if you find that the sample rod is no longer vertically 
centered.  

To Perform a Sample Rod Runout Alignment: 

1. Install a sample rod. 

2. Using a 9/64” hex driver, 
remove the four (4) socket 
head cap screws securing 
the Motor Cover to the 
Rotation Scale turntable. 

3. Remove the cover vertically 
and set it aside. 

4. Using a ¼” open end wrench, 
loosen (but do not remove) 
three (3) lock nuts from the 
motor mount centering thumbwheels as shown below. 

 
5. Using the X Axis Adjustment knob, position the sample rod close 

to, but not touching one of the pole caps. This will make it easier 
to observe sample rod runout as the turntable is rotated by 
hand. 

6. Observe runout as you slowly rotate the turntable by hand. With 
the sample rod closest to one of the pole caps, adjust one of the 
thumbwheels to bring the sample rod toward center. 

7. Rotate the turntable again, making small adjustments with the 
thumbwheel to center the sample rod. Repeat this procedure 
until the runout is at a minimum. 

8. Upon completion, make sure the motor is high enough so that it 
does not touch any of the wires or terminals on the turntable. 

9. Tighten the lock nuts and make sure they are not contacting the 
upper plate. 
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10. Dress the wires close to the motor so they cannot make contact 
with the Motor Cover when you re-install it. 

11. Place the Motor Cover over the motor and re-install the four (4) 
socket head cap screws. 

12. Using the X Axis Adjustment knob, center the sample rod 
horizontally in the air gap. 
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 Chapter 3 
Preliminary Checks 
and Calibration 

3.1  Preliminary Checks and System Calibration 
Before proceeding, check that the installation is complete. Be sure 
cooling water is connected and available to the electromagnet. Check 
that all system components and all interconnecting cables are installed, 
and that ac power is available.  

3.1.1  System Startup Procedure 

If you are using a personal computer supplied with the MicroMagTM 
System, the applications software is preloaded on the hard disk drive 
and you may proceed.  

Note: If you are using your own personal computer, follow the 
instructions enclosed with the applications software supplied by 
PMC together with the manufacturer’s instructions provided with 
your computer. Load the applications software into your computer.  

1. With power available to the AC power strip (power strip AC switch in 
the OFF position) be sure that all instruments connected to the 
power strip are switched ON (computer, monitor, MicroMagTM 
Controller and Printer). 

Note: Some printers may have to be turned on separately after 
the power strip is energized. 

2. Turn on the AC power strip switch.  

3. After the computer boots, double-click on the MicroMag shortcut to 
start running the application: this shortcut is located in the 
Windows Start Menu, on the Programs submenu. The System 
Startup screen as shown in Figure 17 will be displayed first. Follow 
the brief instructions as noted and click on Continue to continue.  

Note: Upon exiting this screen the application software will 
automatically load, initializing the MicroMag controller if it's turned on. 
The second screen displayed is the Main window as shown in Figure 19. 
Other windows or dialog boxes can be accessed by selecting them from 
the menus in the Menu bar. 
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Figure 17.  System Startup 

4. Turn on the AC power to the Magnet Power Supply. Allow about 10 
to 12 seconds as it completes internal self-checks. The Power Supply 
should now be in STANDBY mode. 

Display readings: 

VOLTS ≅ 0.0 AMPS ≅ 0.0 
READY 

Note: If a problem is encountered, the Power Supply FAULT light will 
illuminate, and the DISPLAY will indicate the type of fault condition: 
Coolant, Magnet temperature, Over current, etc… 

 
Figure 18.  Magnet Power Supply (Front View) 

The Power Supply front panel controls (Figure 18) function as 
follows:  

Power: Switches the AC power on and off. 
STOP: Press this button for an emergency shutdown condition. 

This action switches the power supply to STANDBY mode. 
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ON: This LED lights when the power supply is in NORMAL 
mode. 

STANDBY: This LED lights when the power supply is in READY 
mode. 

MAGNET VOLTAGE BNC: Used for troubleshooting/diagnostics. 
MAGNET CURRENT BNC: Used for troubleshooting/diagnostics. 

 
Figure 19.  Main window 

5. After verifying that the Power Supply is in STANDBY mode, you can 
now turn on the Magnet Power Supply DC output via the software.  

a. To switch the Power Supply from STANDBY to ON, click on 
Applied field in the lefthand panel on the Main window. This 
will pop up the Apply static field (Oe) dialog box. 

b. In the dialog box, locate 
Magnet power supply and 
click in the field box to 
change OFF to ON. You will 
hear the contactor close in 
the Magnet Power Supply 
as the indication changes 
to ON. 

c. Verify that the Applied 
field (command) value, reported in the upper righthand panel of 
the Main window, should be zero field as the field control servo 
loop comes into regulation. 

Note: If the Magnet Power Supply AC power was not turned on, Not 
Ready will be reported for Magnet power supply.  

6. Close the Applied static field (Oe) dialog box to return to the Main 
window. You may now proceed with the normal operation of the 
MicroMag system. 
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The next step is to exercise the magnet field manually from the keyboard 
by setting an Applied field. The applications software is easy to learn and 
use. A detailed explanation is given in Chapter 4, however, for this 
exercise, please follow the brief instructions in this chapter. 

1. In the lefthand panel on the Main window, click in the value field for 
Applied field. This will pop up the Apply static field (0e) dialog 
box.  

2. Type in 5000, press [ENTER], 
and then click on the X in the 
upper right corner to close the 
box. The Applied field in the 
lefthand panel should now 
display 5.00kOe. The Applied 
field reading in the righthand 
panel should indicate 
+5.000 kOe. 

3. Reopen the Apply static field (Oe) dialog box. 

Note: The parameters of the controlled slew for Toggle (non-overshoot) 
and Complement (non-overshoot) are assigned in "Field control settings" 
and further explanation is provided in the associated Help screen. Refer 
also to Section 4.16  Field Control Settings, starting on page 95. 

4. Click on Toggle or Toggle (non-overshoot) to switch between the 
applied field entry and zero field. The Toggle (non-overshoot) 
function, while somewhat slower than the corresponding Toggle, 
ensures that the target field is not exceeded in the course of the slew 
(the field is rapidly slewed to within a prescribed fraction of the 
target field, and then, more slowly and exponentially, brought to the 
final field).  

5. Click on Complement or Complement (non-overshoot) to reverse 
the polarity of the applied field. The Complement (non-overshoot) 
function, while somewhat slower than the corresponding 
Complement, ensures that the target field is not exceeded in the 
course of the slew (the field is rapidly slewed to within a prescribed 
fraction of the target field, and then, more slowly and exponentially, 
brought to the final field). 

6. If this portion of the prechecks appears normal, set the applied field 
to zero by clicking on Toggle (or Toggle (non-overshoot)). 

7. Then click on the X in the upper right corner to close the box.  
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3.2  Calibration Procedure 

3.2.1  Sample Rod Assembly and Sample Handling 

Please refer to Figure 20 for an explanation of the functional parts and a 
description of the various sample holders. 

Suggested Sample Handling Tools 
1 - Fine tip tweezers (Non-magnetic) 
1 - Exacto razor knife  
1 - Jewelers loupe 
1 - Wooden toothpicks 
1 - Silicone grease (Dow Corning Compound #112) 
1 - Isopropyl Alcohol (91%) 

Carefully remove the sample rod assembly from its container and place 
it on a clean table. 

Note: For measurements at room temperature and cryogenic 
temperature, use the black carbon fiber drive rod with Kel-F adapter 
and sample holders. For measurements using the high temperature 
furnace, use the clear fused silica drive rod with Macor adapter and 
sample holders. 
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Figure 20.  Sample-Rod Assembly and Sample Holders 

 
Three types of sample holders (shown in Figure 20) are supplied 
with your VSM. 

1. Vertical or side-mount for films. 
2. Horizontal or bottom-mount for films. 
3. General purpose for solid and powdered samples. 
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To calibrate and precheck the system at ambient temperatures, proceed 
as follows.  

1. Install a general purpose sample holder on the sample rod 
assembly. Locate the Standard Reference Material® 2853 
(Magnetic Moment Standard – Yttrium Iron Garnet Sphere), 
supplied and place it in the holder.  

2. Install the sample holder assembly by inserting the “keyed” stainless 
steel upper adapter into the quick-release collet. Slowly rotate the 
sample rod until it is correctly located and seats fully. Then rotate 
the knurled aluminum body about 1/4 turn to lock (or release) the 
sample rod. 

Refer to Figure 21 for the location of the Vernier knobs on the X- and 
Z-axis translation stages. 

 
Figure 21.  VSM Drive Assembly Plate (Front View) 

3. Release the Z-axis vertical lock by turning the knurled knob counter 
clockwise about 1/2 turn.  

4. Slowly lower the driver head, locating the sample in the center of the 
4-coil pickup coil assembly.  
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5. Adjust the X and Y translation stage vernier knobs as needed to 
center the sample.  

Notes: 
1. The Y-axis vernier knob is located at the back of the Z-axis 

stage, below the counter weight. 

2. The driver head can be turned On/Off at the driver head by 
pressing the red button located at the front of the unit. A red 
LED adjacent to the button indicates if the drive is ON 
(illuminated) or OFF. 

3.2.2  Setting the Full-Scale Sensitivity 

Having a known sample mounted on the sample rod allows the full-scale 
sensitivity to be set. 

1. Turn the drive on (White button - the Green LED should be 
illuminated). 

2. In the left-hand panel on the Main window, click in the value field 
for Sensitivity.  

3. Enter 100 memu by clicking on the arrow buttons until 100 memu 
is visible. Then press [Enter] to exit the function. 

4. Select Direct moment vs. field from the Measurements menu on 
the Main window. 

5. Select Hysteresis loop from the menu.  

6. Set the Applied field maximum to 5.00 kOe and the Applied field 
increment to 40 Oe. 

3.2.3  The Test Run 

In the Direct moment vs. Field dialog box, uncheck the Initial 
moment check box and check in the Hysteresis loop check box and 
click on the Execute button. A plot screen similar to that shown in 
Figure 22, Calibration Plot with YIG Sphere, should develop. 
Completion of this plot demonstrates that the system is operational. 
Close the Hysteresis loop dialog box by clicking on the X in the upper 
right corner. 

Note: Before calibrating the system, it may be instructive to examine 
another method of “saddling” the sample or centering it in the sample 
zone. 

 A built-in position-optimization routine may also be used to position or 
locate the sample in the center of the sample zone. A highly detailed 
description of this procedure is provided in Section 4.3 (Chapter 4). 
However, for the preliminary checks, visual positioning of the sample 
should prove satisfactory. 
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3.2.4  Calibration 

The VSM system is supplied with a Standard Reference Material® (SRM) 
2853 Magnetic Moment Standard – Yttrium Iron Garnet Sphere (YIG) via 
National Institute of Standards & Technology (NIST).   

You are ready to make a preliminary run on the YIG sphere to measure 
its saturation moment (Ms) in emu, and calibrate the system. 

Recommended saturating field for YIG sphere: 5 kOe. 

1. In the Main window, click on Measurements in the Menu bar, click 
on Direct moment vs. field, and select Hysteresis loop from the 
submenu. With Include initial moment and Demagnetize before 
measuring both unchecked and Include hysteresis loop checked, 
click on the Execute button. When the hysteresis loop is completed, 
computed parameters are displayed. Again, a plot screen similar to 
that in Figure 22 should develop. 

 
Figure 22.  Calibration Plot with YIG Sphere 

2. Click on Tools in the Menu bar and click on Calibrate. 

 

3. Enter the known saturation moment value in (emu) and click on the 
OK button. The data arrays and display screen will be updated. 
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The system is now calibrated. Click on the X in the upper right corner to 
close the window and return to the Main window. Notice the updated 
Calibration factor value (mV/emu) in the left-hand panel. 

The MicroMag™ system electronics are very stable and unless problems 
are suspected, calibration on a weekly basis is usually all that is 
required. 

 Note: All settings as noted above are saved automatically upon 
exiting the MicroMag operating software. 

At this point you may wish to continue making additional 
measurements with the YIG sample or change to a different sample now 
that the system is calibrated. 

Refer to Chapter 4 for a more detailed description of the MicroMag™ 
Operating Software.
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 Chapter 4 
System Software  
and Operating Procedures 

4.1  System Startup 
Assuming the MicroMagTM System was properly installed and the 
preliminary checks described in Chapter 3 successfully completed, turn 
on the personal computer and monitor. The System Startup screen as 
shown in Figure 23 will be displayed. Follow the brief instructions as 
noted and click on Continue. 

 Note: Upon exiting this screen, the application software will 
automatically load, initializing the MicroMag controller if it's turned on  

 

 
Figure 23.  System Startup Screen 

4.2  Main Window 

4.2.1  Introduction 

The Main window (Figure 24) appears after the Continue button on the 
System Startup window is clicked on. This powerful window allows you 
to set the basic operating parameters, access the menus, windows, and 
dialog boxes unique to each mode, and from there initiate measurement 
runs.  

Note from Figure 24 that the window contains two side-by-side panels. 
The left-hand panel is used to set or change selections and parameter 
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values. The panel to the right allows you to read parameter values. This 
dual panel presentation is used by several of the Model 3900 windows. 

 
Figure 24.  Main window 

To access functions in the left-hand panel, click in the value field for the 
desired function. Follow the instructions in the dialog box that appears. 
When a value is entered, click on Execute to set and/or exit that 
function or click on the X button (upper right corner) to close the dialog 
without setting the value.  

All Setup and Measurement operations are initiated from the Main 
window. Operations directly accessed from the Main window are 
discussed in this section. Operations involving subordinate windows are 
discussed in later sections of this chapter. 

4.2.2  Common Operations 

The following are commonly performed operations: 

Parameter value entry: Typically, parameter values are entered in the 
left-hand panel in a window or in a dialog box. In either case, you will 
click in the value field to the right of the parameter. This action will 
toggle values, open a dropdown list for selection, allow you to key in a 
value, or will pop up a dialog box for value entry.  

Menu selection: Each window has a menu bar a collection of menus. 
Usually a menu will have two or more selections. To open a menu, click 
on its name in the menu bar. Then click on the item you want to select. 

Note: There are some cases where clicking on a menu name will not 
dropdown a list of items from which to select. Instead, a window will 
be opened or a dialog box will pop up. 

Enter key: Selects operation. Generally speaking, you will not need to 
press the [Enter] key to select and operation or complete a value entry. 
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ALT +Tab: Switches between open windows. This is particularly useful 
when you have acquired or retrieved data in memory.  

: Returns you to the previous window. If you are at the Main 
window, clicking on this button will allow you to exit the MicroMag 
operating software. 

4.2.3  Sensitivity 

This selection sets the full-scale 
moment sensitivity of the system. 
Clicking in the column to the right of 
Sensitivity causes the sensitivity 
value in effect to be highlighted and 
displays up and down arrow 
buttons. At that time, you can click 
on the buttons to scroll through the 
range of available sensitivity settings. Once the appropriate value is 
displayed, press [ENTER] to execute the set value and exit the function. 

The following procedure is suggested for establishing the sensitivity in 
VSM operation. The underlying assumption is that the system has been 
calibrated according to the procedure in Chapter 3. 

1. In the Main window, click in the value field for Applied field (left-
hand panel). 

2. In the Apply static field (Oe) dialog box, enter the desired 
maximum field to be used in a direct (hysteresis loop) measurement, 
and press [Enter]. Then note the magnetometer reading in the right-
hand panel of the Main window.  

3. Return the applied field to zero by clicking on the Toggle or Toggle 
(non-overshoot) button and close the dialog box.  

3. In the Main window, click in the value field for Sensitivity (left-
hand panel).  

4. Using the up/down arrow keys, select the desired full-scale range 
closest to and higher than the emu amplitude noted in step 1 and 
press [Enter]. 

  Note: If an overload indication should appear in the right-hand 
panel while making the above test, leave the Applied field ON  
and close the Applied field dialog box. Click in the Sensitivity 
value field and click on the up-arrow key a few times, or until the 
overload highlight extinguishes. With the full-scale sensitivity now 
set, proceed to the desired measurements. 
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4.2.4  Averaging Time - Range 100 ms to 1000 seconds 

This represents the averaging 
time per point in milliseconds. 
The factory default setting of 
100 ms is adequate for most 
measurements. However, 
depending upon the emu 
signal strength, you may want 
to increase the averaging time 
to improve the signal-to-noise 
ratio, or decrease it to make 
faster runs. In general, when measuring samples stronger than 10 
memu, the averaging time may be decreased to 300 ms or 100 ms. 
Conduct a few trial runs to determine the appropriate setting. To change 
the setting, simply click in the value field for Averaging time. Enter the 
new time in milliseconds and press [ENTER] to execute the entered 
value and exit the function. 

4.2.5  Vibration Amplitude (relative) 

This selection controls the vibration amplitude of VSM driver head.  (1.0 
being maximum). Vibration amplitude may be attenuated when 
measuring strong samples. The setting choices are 1, 0.5, 0.2, and 0.1. 

4.2.6  Orientation about the Z-axis 

Allows the Driver Head to be positioned about the Z-axis from the 
keyboard by using the following procedure.   

1. Click in the value field for Orientation about Z Axis to open the 
Adjust orientation dialog box. If the field reports N/A, clicking in 
the value field will allow you to re-enable this feature. 

2. From the parameters listed in 
the dialog box, select the 
desired step increment (in 
degrees). The up/down 
arrows rotate the Driver Head 
+ and – about the Z axis. 
Set orientation to: Allows 
setting the desired Z-axis rotational position in degrees. (Limited to 
+/- 1,800 degrees or 5 revolutions) 
Increment orientation by: Allows stepping the Z-axis rotational 
position in increments. (Minimum increment: 0.1 degrees)   
(Maximum increment: +/- 1,800 degrees or 5 revolutions)  
Return orientation to zero: Allows rapid return to the zero setting. 
Tare orientation: Allows 0° location to be established at any 
arbitrary rotation setting, irrespective of the scaled graduations 
around the driver head circumference. 
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Disable orientation: Disables the 
driver head rotation.  Rotation can be 
re-enabled by clicking in the 
Orientation about Z Axis value field 
and clicking on the Yes button on the 
popup dialog. 

3. After making your entries, close the dialog box. 

4.2.7  Temperature 

Allows setting and controlling the temperature of optional accessories 
(liquid helium cryostat or high temperature oven). 

If N/A appears at the temperature prompt, the VSM is set for use at 
ambient temperature and optional temperature accessories have not 
been installed. 

The VSM has provision for installing either a cryostat or oven. If you 
intend to install one of the temperature accessories, follow the 
instructions supplied with the unit. It will also be necessary to turn on 
the appropriate software control via the Settings menu as follows. 

1. Click on Settings in the Main menu bar. 

2. In the Settings window, 
click on Temperature 
control.  

3. In the Temperature 
control settings window, 
click in the value field for 
Temperature control 
device, click on the arrow button to drop down the list of devices, 
and click on the desired device (cryostat or oven) to select it.  

4. Close the Temperature 
control settings window and 
then click in the value field 
for Units of measure - 
temperature to change the 
current units (Kelvin or 
Celsius). 

 
5. Click on the appropriate unit of measure to select it. 

6. Close the Settings window and return to the Main window.  
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Proceed as follows to set and control the temperature: 

1. In the Main window, click in the 
value field for Temperature.  

2. Key in the desired temperature. 

Note: For a cryostat, the range is 0K  
(-273.1º C) to 473.1K  (200º C). For a 
furnace, the range is 273.1K (0.0º C) to 
1,123.2K (850.0º C). 

3. Press [Enter] to enter the specified value and exit this function. 

4.2.8  Applied Field 

Allows you to set a static field manually from the keyboard, as follows.  

1. In the Main window, click in the value field for Applied field. This 
will pop up the Apply static field (Oe) dialog box.  

2. Key in a field value in 
oersteds and press [ENTER] 
to execute the set value. The 
magnet field will slew to its 
new value. 

Notes: You may also reverse 
the field by clicking on the 
Complement or the 
Complement (non-
overshoot) button or toggle 
the field off and on by clicking on the Toggle or Toggle (non-
overshoot) button. The “non-overshoot” functions are somewhat 
slower but ensure that the target field is not exceeded in the course of 
the slew (the field is rapidly slewed to within a prescribed fraction of 
the target field, and then, more slowly and exponentially, brought to 
the final field). The parameters of the controlled slew for Toggle (non-
overshoot) and Complement (non-overshoot) are assigned in "Field 
control settings" and further explanation is provided in the associated 
Help screen. Refer also to Section 4.16  Field Control Settings, starting 
on page 95. 

3. Close the dialog box by clicking on the X in the upper right corner. 
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4.2.9  Calibration Factor 

Allows you to enter the calibration 
factor. Limits are [1E-6, 1] volts/emu 
or solve for the calibration factor after 
entering the known sample magnetic 
moment in emu. 
  

4.2.10  Toggle VSM drive 

Permits turning the VSM drive motor on or off, either by clicking on 
Toggle VSM Drive or by pressing the small RED button at the driver 
head (see Figure 15). 

4.3  Optimize 

4.3.1  Introduction 

This function provides the operator with an alternate method of locating 
the sample in the Electrical Center of the sample zone and pickup coils.  

4.3.2  Optimize Screen 

1. Before opening the Optimize screen, be sure to set a static field via 
Applied Field in the Main window. The indicated Applied field 
strength should be +5.00 kOe or as previously set. Usually a field 
strength of 3.00 to 5.00 kOe is sufficient. 

2. Then, in the Main menu bar, click on Tools and then click on 
Optimize. The Optimize screen as shown in will appear. 
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Figure 25.  Optimize dialog box  

Viewing this dialog box, you have a visible means to observe the relative 
signal strength developed by the sample. The Applied field should report 
a value as previously set in the Applied field parameter in the Main 
window. The Magnetic Moment is the current emu moment signal 
reading and varies as a function of the x, y, and z axis settings. The 
vertical cursor bar on the display functions as a Null Detector. The other 
features on this window allow you to normalize the on-scale reading 
(Tare button) and to increase or decrease the sensitivity of the display 
scale. The  button decreases the sensitivity of the display scale (1, 2, 5, 
sequence) from ±0.1% to ±100%. The  button increases the sensitivity 
of the display scale (5, 2, 1, sequence) from ±100% to ±0.1% full scale. 
The Audible indication checkbox allows you to activate/de-activate 
beeping as another way of monitoring signal strength change. Clicking 
on the X in the upper right corner closes the Optimize dialog box and 
returns you to the Main window.  

4.3.3  X, Y, Z Adjustment Description 

Facing the front of the magnet assembly - the X, Y, and Z adjustments 
are as follows: 

"X" Adjustment: Adjustment sets the horizontal positioning of the 
sample (left to right) so that it is located in the center of the air gap. 
When making this adjustment, set for a minimum output signal. 

"Y" Adjustment: Adjustment sets the horizontal positioning of the 
sample (front to back) so that it is located in the center of the air gap. 
When making this adjustment, set for a maximum output signal. 
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"Z" Adjustment: Adjustment sets the vertical positioning of the sample 
(up and down) so that it is located in the center of the air gap. When 
making this adjustment, set for a maximum output signal. 

4.3.4  Optimize Adjustment Procedure 

1. While observing the red and blue arrows, slowly rotate the "X" 
vernier knob and adjust for a minimum current indication signal. 
Use the up/down arrow keys as required to maintain an on scale 
reading. 

2. Slowly rotate the "Y" vernier knob and set for maximum current 
indication signal. 

3. Slowly rotate the "Z" vernier knob and set for maximum current 
indication signal. 

4. Repeat the adjustments until no further improvement in the sample 
positioning can be obtained.  

5. Upon completion, click on the X in the upper right corner of the 
Optimize window to return to the Main window. 

4.4  Demagnetize 

4.4.1  Introduction 

This function allows you to demagnetize the sample while it's still on the 
sample holder.  Demagnetization is accessed by selecting Alternating 
field demagnetize from the Tools menu on the Main window. This 
causes the Demagnetize dialog box (Figure 26) to appear.  

 
Figure 26.  Alternating field demagnetize dialog box  

Demagnetization must be done before doing an Initial Magnetization 
measurement or an Isothermal Remanence Measurement. In both of 
these measurement techniques the data is taken starting at zero field.  
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4.4.2  Demagnetization Parameters 

The parameters on the Demagnetize dialog box allow you to enter the 
settings for automatically demagnetizing samples.  

Commence demagnetizing at: The initial field should exceed the 
coercivity of the sample by at least a factor of two. In the case of the 
standard nickel sample, where the coercivity is about 40 Oe, an initial 
field of perhaps 300 is recommended. 

Exit demagnetizing at: The default value is 0.00 Oe. Allows you to 
enter an exit value greater than 0. 

Field decrement (% of field): The maximum decrement per iteration 
default value is 3.0%. Smaller values might be more appropriate for 
demagnetizing quick-switching (square-loop) material. 

Limit slew rate to <=: Sets the slew rate limit between two fields or how 
fast one can drive the magnet and power supply in the system. This is 
usually voltage limited. The default setting is 30 kOe/s. 

Limit slew time to >=: Time interval to traverse the full-scale 
gaussmeter range being used. This is at the expense of overshoot. The 
default setting is 100 ms. 

Pause at each applied field: Time interval to pause at each applied 
field. 

4.4.3  When Demagnetization Won't Work 

Samples of some materials are so quick switching that they cannot be 
demagnetized with the demagnetization algorithm. In such cases, you 
are advised to make a preliminary hysteresis loop to determine the 
sensitivity settings appropriate to the sample. Then remove the sample 
rod containing the sample and slowly pass the sample through an ac 
demagnetization coil. When the sample has been demagnetized, reinstall 
the sample rod assembly and run the measurement. 
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4.5  Alternating Field 

4.5.1  Introduction 

Click on Alternating field in the Tools menu bar to open the 
Alternating field dialog box (Figure 27). The alternating field protocol 
consists of a predetermined number of cycles of a field that alternates 
between two fixed values. In general, the two fixed values are 
complementary (e.g., ± 5 kOe), but it is also possible to specify 
alternating fields of arbitrary sign and/or magnitude. 

Note: The information in this section of the manual can be accessed via 
the Help button on the dialog box. 

 
Figure 27.  Alternating field dialog box  

4.5.2  Alternating Field Parameters 

First applied field: The field applied during the first semiperiod of each 
cycle. Entry of a value for the first applied field causes the second 
applied field to be assigned a complementary value (identical magnitude, 
opposite sign). If a different protocol is desired, the second applied field 
can be independently assigned. 

Second applied field: The field applied during the second semiperiod of 
each cycle. Although usually complementary to the first applied field, 
the second applied field can be assigned without affecting the value of 
the first applied field. 

Number of cycles: The number times the field is alternated between the 
first and second applied fields. 

Slew rate limit: The maximum slew rate (e.g., Oe/s, T/s) that will not 
be exceeded in the traverse (in either direction) between the first and 
second applied fields. The slew rate limit will control where the field 
change is large, and the slew time limit will control for smaller field 
changes. A typical value of slew rate limit is 10 kOe/s, or 1 T/s.  
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Slew time limit: The minimum slew time for the traverse (in either 
direction) between the first and second applied fields. The slew time limit 
will control if the field change is small, and the slew rate limit will 
control for larger field changes. A typical value of slew time limit is 
100 ms. 

Pause at each applied field: The time each applied field is sustained 
before commencing the traverse to the alternate applied field. A typical 
value is 100 ms. 

Duration: The approximate duration of the alternating field protocol, as 
determined from the parameters entered by the operator. 

4.6  Direct Measurements  

4.6.1  Introduction 

Selecting Direct moment vs. field from the Measurements menu (on 
the Main window) opens a secondary menu (Figure 28). From there you 
can select any one of the techniques described in the following 
paragraphs. 

 
 

Figure 28.  Direct moment vs. field menu 

4.6.2  Direct Moment vs. Field Functions 

The Direct moment techniques share a number of subfunctions as 
described in the following paragraphs. Multiple segments has an 
additional screen as described in the discussion of that technique. The 
functions common to all of the Direct Measurement techniques are 
described in this section. 
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Figure 29.  Direct Moment vs. Field window 

4.6.3  Measurement Parameters and Process Functions 

 
 Hc --- Coercivity 

 Mr --- Remanence 

 Ms --- Saturation magnetization (or maximum moment at applied 
field) 

Initial slope --- Initial slope when executed, positive or negative, 
(emu/Oe) 

 Squareness ratio --- Squareness ratio 

 S* --- Slope determination in second quadrant, Ho/Hc. See 
Figure 30. 

 Slope Corr --- Slope correction applied when executed, positive or 
negative, (emu/Oe). 

 Field increment --- Field increment determines resolution of curve.  

 Avg. time --- Averaging time selected for the measurement. 

Sample mass --- Reports the sample mass (1 E-12, 100 g). 

Sample volume --- Reports the sample volume (1 E-12, 10 cm3). 
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Figure 30.  Slope Definition  

4.6.4  First-order Reversal Curves 

  
Figure 31.  First order reversal curves dialog box  

First Order Reversal Loop Parameters 
Saturating field: The first step in measuring each individual first 
order reversal curve is to saturate the sample.  

Hb(min), Hb(max): Hb refers to the "bias" field, the vertical axis of a 
contour presentation generated from the first-order reversal curves. 
Hb(min), Hb(max) refer to the range of Hb available in the contour 
display. Typically Hb(min) = -Hb(max).  

Hc(min), Hc(max): Hc refers to the "coercive" field, the horizontal 
axis of a contour presentation generated from the first-order reversal 
curves. Hc(min), Hc(max) refer to the range of Hc available in the 
contour display. Typically Hc(min) = 0, Hc(max) > 0.  
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Averaging time: Refers interval over which field and moment 
indications are averaged at each measured point. Longer averaging 
times can be prescribed for improved signal-to-noise.  

Field increment: Refers to the interval between successive 
measured points of each individual first-order reversal curve. Field 
increment is also the interval between the reversal fields of 
successive first-order reversal curves and thus enters into the 
determination of the Number of curves required. If Field increment 
is assigned, Number of curves is recomputed.  

Number of FORCs: Refers to the number of first-order reversal 
curves constituting the entire measurement. If Number of curves is 
assigned, Field increment is recomputed to produce the prescribed 
Number of curves.  

Smoothing (maximum): The programs used to generate contour 
presentations (from the first-order reversal curves measured by the 
MicroMag system) generally include the parameter "smoothing," 
which effectively averages over a prescribed number of data points. 
Smoothing therefore requires additional data; the value entered for 
Smoothing (maximum) establishes an upper limit on the degree of 
smoothing that can be used by the contour-generating program.  

Pause at saturating field: The time interval the field remains at the 
Saturating field before slewing to the Calibration field (see below).  

Pause at calibration field: The time interval the field remains at the 
Calibration field before slewing to the Reversal field (Calibration 
field is not entered directly by the operator, but rather is determined 
by other parameters of the measurement).  

Pause at reversal field: The time interval the field remains at the 
Reversal field before commencing measurement of each first-order 
reversal curve. Reversal field is different for each individual reversal 
curve, and is determined by various parameters of the 
measurement.  

Slew rate limit: Allows the operator to control the rate at which the 
field is slewed from the Saturating field to the Calibration field and 
from the Calibration field to the Reversal field.  

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement.  
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Details 

 
Figure 32.  Details dialog box  

Reports values not entered directly by the operator, but determined 
by other parameters of the measurement. 

Sweep Mode 

 
Figure 33.  Sweep mode dialog box  

Sweep modes:  

• Automatic: In Automatic, the software selects either 
Continuous or Discrete (described below) sweep modes, and 
Pause after field increment (also described below), appropriate 
to the instrument configuration and measurement parameters. 
Automatic is the usual mode, although in particular situations 
it may be advantageous to select either Continuous or Discrete. 

• Continuous: In Continuous sweep mode, the field is swept 
quasi-continuously (as limited by the resolution of the sweep 
DAC) over the interval Averaging time, with field and moment 
reported as the mean values over the averaging interval. 
Indications of field and moment are therefore representative of 
values at the mid-point of the averaging interval, and time per 
measured point is approximately equal to the averaging time. 

In Continuous sweep mode, there is a final static measurement 
at the conclusion of each segment, following the elapse of Pause 
after field increment.  

For a given time per measured point, Continuous sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively strong, and/or (b) the field increment is 
relatively small. A quick survey measurement can usually 
determine the optimum setting in any particular case.  

• Discrete: In Discrete sweep mode, the field is incremented and 
a pause interval (Pause after field increment) is allowed to 
elapse, after which field and moment are averaged over the 
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interval Averaging time. In this mode the field is substantially 
constant over the averaging interval, and time per measured 
point is the sum of averaging time and Pause after field 
increment. 

For a given time per measured point, Discrete sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively weak, and (b) the field increment is relatively 
large. A quick survey measurement can usually determine the 
optimum setting in any particular case. 

Pause after field increment: Refers to the interval between 
incrementing the field and commencing the averaging interval, and 
serves to allow the field to stabilize before data are taken. In 
Discrete sweep mode, Pause after field increment is included with 
each data point; in Continuous sweep mode, only the final data 
point of the segment includes Pause after field increment. A typical 
value of Pause after field increment is 300 ms. 

4.6.5  Hysteresis Loop Measurements 

4.6.5.1  Hysteresis Loop Parameters and Modes 

 
Figure 34.  Hysteresis Loop dialog box  

Hysteresis Loop Parameters 
Applied field maximum: Sets the maximum field to be applied for a 
hysteresis loop, initial magnetization curve or both. 

Applied field increment: Sets the field increment (or resolution) 
desired for the hysteresis loop, initial magnetization curve, or both. 

Averaging time: Sets averaging time desired (in milliseconds per 
point). 

Pause at maximum field: Sets the time the magnet power supply 
will pause at the maximum field before starting a measurement. 
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Averages: Allows you to take repeated hysteresis loops and average 
them. The value entered equals the number of repetitions that will 
be averaged. Instead of taking one hysteresis with a long averaging 
time you can take multiple hysteresis loops at a shorter averaging 
time: this compensates for coherent pickup change and temperature 
drift.  

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement.  

Demagnetize before measuring: If you did not already perform the 
demagnetization, you should also check the Demagnetize before 
measuring check box: you must demagnetize before including the 
initial moment. When you click on the Demagnetize check box, the 
Demagnetize dialog box will pop up so you can enter the 
demagnetization parameters. Refer to 4.4  Demagnetize, page 45, for 
more information. 

Include initial moment: Includes the initial point of the curve when 
you execute loops. You must demagnetize before including the initial 
moment.  

Include hysteresis loop: The hysteresis loop will be included in the 
measurement. Note that demagnetization is not required before 
performing this measurement. 

Averaging modes: 

 
Figure 35.  Averaging mode dialog box  

FIR (finite impulse response): Default mode. Provides the most 
accurate representation of Moment vs. Field. In FIR mode each 
indication is the mean, over the averaging interval, of a number of 
concurrent measurements of both moment and field. Each 
indication is statistically independent of preceding indications.  

IIR (infinite impulse response): Provides improved signal-to-noise. 
In IIR mode moment and field data are processed by identical 
two-pole lowpass filters. The Time constant of each section of each 
two-pole lowpass is equal to the averaging time, resulting in a factor 
of two improvement in signal-to-noise. For well-behaved samples 
(where there are no abrupt changes in the slope of Moment vs. 
Field), measurement results are comparable to FIR mode. Older 
analog-technology vibrating-sample magnetometers utilized the IIR 
averaging mode exclusively.  
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Sweep Mode 

 
Figure 36.  Sweep mode dialog box  

Sweep modes:  

• Automatic: In Automatic, the software selects either 
Continuous or Discrete (described below) sweep modes, and 
Pause after field increment (also described below), appropriate 
to the instrument configuration and measurement parameters. 
Automatic is the usual mode, although in particular situations 
it may be advantageous to select either Continuous or Discrete. 

• Continuous: In Continuous sweep mode, the field is swept 
quasi-continuously (as limited by the resolution of the sweep 
DAC) over the interval Averaging time, with field and moment 
reported as the mean values over the averaging interval. 
Indications of field and moment are therefore representative of 
values at the mid-point of the averaging interval, and time per 
measured point is approximately equal to the averaging time. 

In Continuous sweep mode, there is a final static measurement 
at the conclusion of each segment, following the elapse of Pause 
after field increment.  

For a given time per measured point, Continuous sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively strong, and/or (b) the field increment is 
relatively small. A quick survey measurement can usually 
determine the optimum setting in any particular case.  

• Discrete: In Discrete sweep mode, the field is incremented and 
a pause interval (Pause after field increment) is allowed to 
elapse, after which field and moment are averaged over the 
interval Averaging time. In this mode the field is substantially 
constant over the averaging interval, and time per measured 
point is the sum of averaging time and Pause after field 
increment. 

For a given time per measured point, Discrete sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively weak, and (b) the field increment is relatively 
large. A quick survey measurement can usually determine the 
optimum setting in any particular case. 

Pause after field increment: Refers to the interval between 
incrementing field and commencing the averaging interval, and 
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serves to allow the field to stabilize before data are taken. In 
Discrete sweep mode, Pause after field increment is included with 
each data point; in Continuous sweep mode, only the final data 
point of the segment includes Pause after field increment. A typical 
value of Pause after field increment is 300 ms. 

4.6.5.2 Hysteresis Loop – Initial Magnetization Measurement 
This is the first of the Direct Measurement Techniques. In this 
technique, data points at the specified applied-field increments are 
taken as the field sweeps from zero to the specified maximum value. 
Because data acquisition starts at zero field, it is essential that 
demagnetization of the mounted sample be performed before initiating 
the run.  

To Perform an Initial Magnetization Measurement: 

1. Perform the demagnetization of the mounted sample.  

2. Select Direct moment vs. field from the Measurements menu on 
the Main window. 

3. Select Hysteresis loop from the menu. 

4. In the Hysteresis loop dialog box, enter the Applied field maximum 
and Applied field increment values. 

5. Check the Include initial moment check box. If you did not already 
perform the demagnetization, you should also check the 
Demagnetize before measuring check box. 

6. Click on Execute. The data will be displayed graphically as the run 
progresses. On completion of the run, the data may be processed 
using the available functions as previously described. 

Figure 37 illustrates the results of an initial magnetization measurement 
performed on the nickel foil sample. 
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Figure 37.  Initial Magnetization of Nickel Foil 

4.6.5.3  Hysteresis Loop – Hysteresis Loop Measurement   
This is the second of the Direct Measurement Techniques. In this 
technique, the field is swept to the specified maximum before any data is 
taken. Four segments of data are acquired, the first as the field sweeps 
from the maximum to zero, the second as the field sweeps from zero to 
the negative maximum, the third as it sweeps from the negative 
maximum to back to zero, and the fourth as the field sweeps from zero 
to the starting point. The field and moment data are taken at the 
specified field increments. Because data acquisition begins with the 
sample magnetized, it is not necessary to demagnetize the sample. 

To Perform an Hysteresis Loop Measurement: 

1. Select Direct moment vs. field from the Measurements menu on 
the Main window. 

2. Select Hysteresis loop from the menu. 

3. In the Hysteresis loop dialog box, enter the Applied field maximum 
and Applied field increment values. 

4. Check the Hysteresis loop check box. 

5. Click on Execute. The data will be displayed graphically as the run 
progresses. On completion of the run, the data may be processed 
using the available functions as previously described.  

Figure 38 illustrates the results of a hysteresis loop measurement 
performed on a magnetic recording tape sample. 
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 Figure 38.  Hysteresis Loop of Magnetic Recording Tape  

4.6.5.4  Initial Magnetization + Hysteresis Loop Measurement 
It is also possible to perform both an Initial Magnetization and a 
Hysteresis Loop Measurement during the same run by selecting both 
Include initial moment and Hysteresis loop on the Hysteresis loop 
dialog box.  

Note: Demagnetization prior to beginning the run is necessary because 
the Initial Magnetization measurement begins at zero field.  

To Perform Initial Magnetization and Hysteresis Loop 
Measurements: 

1. Demagnetize the sample. 

2. Select Direct moment vs. 
field from the 
Measurements menu on 
the Main window. 

3. Select Hysteresis loop 
from the menu.  

4. In the Hysteresis loop 
dialog box, enter the 
Applied field maximum 
and Applied field increment values. 

5. Check the Include initial moment and Include hysteresis loop 
check boxes and click on Execute. The data will be displayed 
graphically as the run progresses. On completion of the run, the 
data may be processed using the available subfunctions as 
previously described.  
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6. Figure 39 shows the results of a dual measurement performed on 
the same sample as was used in previously illustrated hysteresis 
loop.  

 
 

Figure 39.  Initial Magnetization Plus Hysteresis Loop Measurement of 
Magnetic Recording Tape Sample 

4.6.6  Minor Loops Measurement 

In a minor loop run, a group of hysteresis loops, spaced equally with 
respect to field, may be acquired in ascending or descending order. Refer 
to Figure 42 for an example. The maximum number of loops is 1000.  

 
Figure 40.  Minor loops dialog box 

Minor Loops Parameters 
Initial field of first loop: Sets the initial field for the first minor 
loop. The initial field value can be zero. 

Final field of final loop: Sets the final field for the final minor loop. 
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Number of minor loops: Sets the desired number of minor loops 
(maximum number of loops is 1000). 

Field increment (magnitude): Sets the desired field increment. 

Averaging time: Sets the desired averaging time (minimum of 
100 ms, maximum of 1 ks). 

Pause at maximum field: Pops 
up the Pause time dialog box 
so you can enter the interval 
between two measurements. 
The pause allows the fields to 
reach steady state prior to 
making  

 

the actual measurement. The default is 500 ms (minimum of 0, 
maximum of 10 ks).  

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement. 

Sweep modes:  

 
Figure 41.  Sweep mode dialog box 

• Automatic: In Automatic, the software selects either 
Continuous or Discrete (described below) sweep modes, and 
Pause after field increment (also described below), appropriate 
to the instrument configuration and measurement parameters. 
Automatic is the usual mode, although in particular situations 
it may be advantageous to select either Continuous or Discrete. 

• Continuous: In Continuous sweep mode, the field is swept 
quasi-continuously (as limited by the resolution of the sweep 
DAC) over the interval Averaging time, with field and moment 
reported as the mean values over the averaging interval. 
Indications of field and moment are therefore representative of 
values at the mid-point of the averaging interval, and time per 
measured point is approximately equal to the averaging time. 

In Continuous sweep mode, there is a final static measurement 
at the conclusion of each segment, following the elapse of Pause 
after field increment.  

For a given time per measured point, Continuous sweep mode 
generally provides superior results in VSM mode where (a) the 
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sample is relatively strong, and/or (b) the field increment is 
relatively small. A quick survey measurement can usually 
determine the optimum setting in any particular case.  

• Discrete: In Discrete sweep mode, the field is incremented and 
a pause interval (Pause after field increment) is allowed to 
elapse, after which field and moment are averaged over the 
interval Averaging time. In this mode the field is substantially 
constant over the averaging interval, and time per measured 
point is the sum of averaging time and Pause after field 
increment. 

For a given time per measured point, Discrete sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively weak, and (b) the field increment is relatively 
large. A quick survey measurement can usually determine the 
optimum setting in any particular case. 

Pause after field increment: Refers to the interval between 
incrementing field and commencing the averaging interval, and 
serves to allow the field to stabilize before data are taken. In 
Discrete sweep mode, Pause after field increment is included with 
each data point; in Continuous sweep mode, only the final data 
point of the segment includes Pause after field increment. A typical 
value of Pause after field increment is 300 ms. 

To Perform Minor Loops Measurements: 

1. If you will be setting up for ascending order, be sure to first 
demagnetize the sample.  

2. Select Direct moment vs. field from the Measurements menu on 
the Main window. 

3. Select Minor loops from the menu.  

4. In the Minor loops dialog box, set up the parameters for the run. 

5. After setting up the parameters for the run, click on Execute to start 
the measurement sequence. 
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Figure 42.  Minor Loops Measurement on Thin-Film Recording Media  

4.6.7  Multiple Hysteresis Loops Measurement 

This function allows you to set up a sequence of hysteresis loops. The 
maximum number of loops is 200. 

 
Figure 43.  Multiple hysteresis loops dialog box 

Multiple Hysteresis Loops Parameters 
Measurement comprising: Sets the type of measurement (Initial, Loop, 
or Initial + loop). 

Applied field maximum: Sets the maximum field for the loop. 

Applied field increment: Sets the desired field increment. 

Averaging time: Sets the desired averaging time (minimum of 
100 ms, maximum of 1 ks). 
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Pause at maximum field: Allows the field to reach a steady state 
prior to making a measurement. The default is 500 ms (minimum of 
0, maximum of 3 ks). 

Demagnetize before measuring: Allows you to set up demagnetization 
if you select Yes. 

Initial field: Initial field of demagnetization sequence. This value can 
be positive or negative. 

Final field: Final field of the demagnetization sequence. This value 
can be positive or negative. Demagnetization ends when the final 
field is reached. 

Field decrement: This is the percent of decrementation between 
successive alternating fields of demagnetization sequence. The limits 
are 0.05% and 50% 

Slew rate time (maximum): Sets the slew rate limit between two 
fields or how fast one can drive the magnet and power supply in the 
system. This is usually voltage limited.  

Slew time limit (minimum): Time interval to traverse the full-scale 
gaussmeter range being used. This is at the expense of overshoot. 
The default setting is 100 ms. 

Pause at applied field: The pause at each successive field 
application of the demagnetization sequence. 

Sweep Mode 

 
Figure 44.  Sweep mode dialog box  

Sweep modes:  

• Automatic: In Automatic, the software selects either 
Continuous or Discrete (described below) sweep modes, and 
Pause after field increment (also described below), appropriate 
to the instrument configuration and measurement parameters. 
Automatic is the usual mode, although in particular situations 
it may be advantageous to select either Continuous or Discrete. 

• Continuous: In Continuous sweep mode, the field is swept 
quasi-continuously (as limited by the resolution of the sweep 
DAC) over the interval Averaging time, with field and moment 
reported as the mean values over the averaging interval. 
Indications of field and moment are therefore representative of 
values at the mid-point of the averaging interval, and time per 
measured point is approximately equal to the averaging time. 
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In Continuous sweep mode, there is a final static measurement 
at the conclusion of each segment, following the elapse of Pause 
after field increment.  

For a given time per measured point, Continuous sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively strong, and/or (b) the field increment is 
relatively small. A quick survey measurement can usually 
determine the optimum setting in any particular case.  

• Discrete: In Discrete sweep mode, the field is incremented and 
a pause interval (Pause after field increment) is allowed to 
elapse, after which field and moment are averaged over the 
interval Averaging time. In this mode the field is substantially 
constant over the averaging interval, and time per measured 
point is the sum of averaging time and Pause after field 
increment. 

For a given time per measured point, Discrete sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively weak, and (b) the field increment is relatively 
large. A quick survey measurement can usually determine the 
optimum setting in any particular case. 

Pause after field increment: Refers to the interval between 
incrementing field and commencing the averaging interval, and 
serves to allow the field to stabilize before data are taken. In 
Discrete sweep mode, Pause after field increment is included with 
each data point; in Continuous sweep mode, only the final data 
point of the segment includes Pause after field increment. A typical 
value of Pause after field increment is 300 ms. 

To Perform Multiple Hysteresis Loops Measurements: 

1. Select Direct moment vs. field from the Measurements menu on 
the Main window. 

2. Select Multiple hysteresis loops from the menu.  

3. In the Multiple hysteresis loops dialog box, begin entering the 
measurement parameters in the Segment 1 column. Each segment 
describes a hysteresis loop to be included in the measurement run.  

4. Use the popup edit menu to copy, delete, insert, or paste segments. 
This menu appears when you click on the column heading for the 
segment. 
• In order to copy or delete a segment, click on the column heading 

to select the segment to be copied or deleted, and then click on 
the appropriate function in the pop-up menu. 

• When a previously copied segment is inserted, a new segment 
column will be inserted to the left of the selected column.  
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• When a previously copied segment is pasted, it will overwrite the 
segment parameters in the selected column. 

5. After defining the desired number of segments, click on Execute to 
start the measurement sequence. 

4.6.8  Multiple Segments vs. Field Measurement 

This function adds considerable measurement flexibility, allowing you to 
divide the scan into individually programmed segments. If data 
acquisition is programmed to begin at or near zero field, the mounted 
sample should be demagnetized as previously described. If not, 
demagnetization is not necessary. When Multiple segments vs. field is 
selected from the Measurements|Direct Moment vs. field submenu, a 
tabularized listing of the programmed segments appears as shown in 
Figure 45.  

 
Figure 45.  Tabularized Listing of  

Multiple Segment Measurement Parameters 

Multiple Segments vs. Field Parameters 
 The following six variables must be specified for each segment:  

Initial Field: Enter the initial field (in Oe). The limits (±10.0 kOe) can 
be changed in the Settings window. Segments after the first, start at 
the final field of the preceding segment. 

Field Increment: Enter the desired field increment (in Oe) 
depending upon the resolution requirements for that portion of the 
curve. If the field increment value is 0.000 Oe and the program is not 
letting you change that value, check to see if the signs of the initial 
and final fields are the same. If they are, change the sign for the final 
field and you will then be able to enter a field increment value. 

Averaging Time: Power supply dwell time (in ms) at each field 
increment of the current segment. Minimum of 100 ms and 
maximum of 1 ks. 

Take Data?: Toggle function, (yes/no) to take data or not in that 
segment. 
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Final Field: Set final field of current segment. 

Pause after Increment: Power supply pause time at final field of 
previous segment; before starting the current segment. Minimum of 
0.0 ms and maximum of 1 ks. 

Sweep Mode 

 
Figure 46.  Sweep mode dialog box  

Sweep modes:  

• Automatic: In Automatic, the software selects either 
Continuous or Discrete (described below) sweep modes, and 
Pause after field increment (also described below), appropriate 
to the instrument configuration and measurement parameters. 
Automatic is the usual mode, although in particular situations 
it may be advantageous to select either Continuous or Discrete. 

• Continuous: In Continuous sweep mode, the field is swept 
quasi-continuously (as limited by the resolution of the sweep 
DAC) over the interval Averaging time, with field and moment 
reported as the mean values over the averaging interval. 
Indications of field and moment are therefore representative of 
values at the mid-point of the averaging interval, and time per 
measured point is approximately equal to the averaging time. 

In Continuous sweep mode, there is a final static measurement 
at the conclusion of each segment, following the elapse of Pause 
after field increment.  

For a given time per measured point, Continuous sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively strong, and/or (b) the field increment is 
relatively small. A quick survey measurement can usually 
determine the optimum setting in any particular case.  

• Discrete: In Discrete sweep mode, the field is incremented and 
a pause interval (Pause after field increment) is allowed to 
elapse, after which field and moment are averaged over the 
interval Averaging time. In this mode the field is substantially 
constant over the averaging interval, and time per measured 
point is the sum of averaging time and Pause after field 
increment. 
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For a given time per measured point, Discrete sweep mode 
generally provides superior results in VSM mode where (a) the 
sample is relatively weak, and (b) the field increment is relatively 
large. A quick survey measurement can usually determine the 
optimum setting in any particular case. 

Pause after field increment: Refers to the interval between 
incrementing field and commencing the averaging interval, and 
serves to allow the field to stabilize before data are taken. In 
Discrete sweep mode, Pause after field increment is included with 
each data point; in Continuous sweep mode, only the final data 
point of the segment includes Pause after field increment. A typical 
value of Pause after field increment is 300 ms. 

To Perform a Multiple Segments vs. Field Measurement:  
1. Add, delete, or clear all segments, as necessary.  

• Adding a Segment: Click on the segment number after which 
you want to insert a new segment. Then click on Add segment 
and click on Yes. The fields for the new segment, with the 
exceptions of the initial field (whose sign is changed) and the 
field increment, will be the same as those for the segment you 
clicked on. At a minimum, you will need to change the sign for 
the new segment’s final field and for any subsequent segments.  

• Deleting a Segment: Click on the segment number that you 
want to delete. Then click on Delete segment and click on Yes. 
The selected segment will be deleted and, at a minimum, you 
will need to change the final field signs for any subsequent 
segments. You may also need to change initial field signs. The 
system will not allow you to delete Segment 1. 

• Clearing All Segments: Click on Clear all. All segments except 
Segment 1 will be deleted. 

2. Change or enter the segment values by clicking on the value to be 
entered or changed. This causes a message about the parameter 
value to appear below the table. In the table shown below, the sign 
of the final field must be changed from – to + before you can change 
the field increment. 
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3. Key in the new value. 

4. Click on Execute after you have completed the parameter value 
entries for the segments. The data will be displayed graphically as 
the run progresses. After completing the run, the data may be 
processed using the standard direct measurement functions as 
previously described.  

5. To save the current settings, select Save script from the File menu. 
You can retrieve the resulting text file (Retrieve script) at a later 
time to acquire a subsequent measurement with the same settings. 

Figure 47 shows the results of a multiple segments measurement done 
on a sample of magnetic recording tape. 

 
Figure 47.  Segmented Measurement on Magnetic Recording Tape  
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4.7  Remanence Curve Measurements 

4.7.1  Introduction 

Selecting Remanence curves from the Measurements menu on the 
Main window opens a secondary menu (Figure 48). From there you can 
select either the single remanence curve or multiple remanence curve 
techniques. Remanence measurement parameters and selections are 
discussed in the following paragraphs. Note that the four time variable 
functions may be changed depending upon the characteristics of your 
samples. We suggest that you start with the factory default settings (if 
you have already made changes to the settings, the factory default 
settings can be retrieved via the Tools menu). 

 
 

Figure 48.  Remanence menu  
4.7.2  Single Remanence Curve  

Introduction 
In remanence measurements, field changes must be effected as 
rapidly as possible, but without overshooting the target field. To 
ensure rapid overshoot-free response, the field is slewed in two 
segments: an initial, relatively fast linear ramp over slightly less than 
the entire traverse, followed by a second, exponentially asymptotic 
approach to the target field. 

The optimum settings are best determined by experiment, and will 
depend to some extent on the magnet gap (0.50" or 0.75"). 
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Figure 49.  Remanence curves dialog boxes (Linear and Logarithmic)  

Remanence Curve Parameters  
Sweep mode: Linear or Logarithmic. Determines the progression of 
the step sizes as the magnetic field is swept. 

Applied field maximum (Linear): Enter the applied final field 
value. This value (the upper limit of the swept field) must be less 
than 10 kOe.  

Applied field increment (Linear): Enter desired scan increment 
in Oe. This value must be less than the swept field range. 

Initial field (Logarithmic): Enter initial field to be applied to the 
sample being measured. 

Final field (Logarithmic): Set final field of curve. 

Number of points (Logarithmic): Only appears when the Sweep 
mode is Logarithmic. Enter the number of points (steps) in the 
progression. 

Saturating field (DCD): Sets the maximum saturating field applied 
before starting the DC Demagnetization Remanence routine. Note 
that this parameter applies to dc Demagnetization (DCD) routine 
only.  
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Pause at saturation: Magnet Power Supply pause time at saturation 
before the measurement commences. Range is 0 to 10 seconds. 
Applies to DCD only. 

Averaging time: Sets averaging time desired (in milliseconds per 
point). 

Pause at applied field: Magnet Power Supply pause time at each 
field application before a measurement is taken. Range 0 to 10 
seconds.  

Pause at zero field: Magnet Power Supply pause time at zero field 
before a measurement is taken.  

Slew rate to applied field: Sets the maximum rate of change (Oe/s) of 
the swept field. 

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement. 

Field Control Settings 
This dialog allows you to establish the field settings for the 
measurement. To restore the settings to the system defaults, click on 
Defaults and respond Yes to the pop-up dialog question. Click on Help 
to bring up the help text for the Field control settings dialog box. 

 
Figure 50.  Field control settings dialog box  

Initial (rate-limited) traverse: Effectively, there are three 
independent slew rate limits. The actual slew rate is at all times 
determined from the slowest. 

Slew time limit: The slew time limit applies to the initial, rate-
limited traverse, and establishes a minimum slew time for a full 
traverse from the current field to the target field. The slew time 
limit will control if the field change is small, and the slew rate 
limit (explained below) will control for larger field changes. A 
typical value of slew time limit is 100 ms. 

Slew rate limit: The slew rate limit also applies to the initial, 
rate-limited traverse, and establishes a maximum slew rate (e.g., 
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Oe/s, T/s) that will not be exceeded. The slew rate limit will 
control where the field change is large, and the slew time limit will 
control for smaller field changes. A typical value of slew rate limit 
is 10 kOe/s, or 1 T/s. 

For the values given above (100 ms, 10 kOe/s), a field change of 
10 Oe would take place in 100 ms; a field change of 1 kOe would 
also take place in 100 ms; and a field change of 22 kOe would 
take place in 2.2 s (these times refer to the initial rate-limited 
traverse only).  

Second order slew rate limit:  As a general rule, the second order 
slew rate limit should be set to the maximum of 5E9 Oe²/s, so that 
the actual slew is determined solely by the slew time limit and slew 
rate limit previously described. In some situations, however, the 
second order slew rate limit may be utilized to slow the rate of 
change of field at higher applied fields. A value of 10E6 Oe²/s, for 
example, corresponds to a slew rate of 10 kOe/s at 100 Oe, but only 
100 Oe/s at 10 kOe.    

Final (exponential) traverse 

Fraction of total traverse: A typical value is 0.05, in which case the 
initial rate-limited traverse will extend over 95% of the total field 
change (e.g., from +10 kOe to +500 Oe), with the final exponential 
traverse extending over the remaining 5% (+500 Oe to zero). 

Characteristic time constant: This is the time constant with 
which the field (in the final, exponential traverse) approaches the 
target value. A typical value for characteristic time constant is 
400 ms.  

Lag anticipation: Because a finite time is required to accelerate the field 
sweep rate from zero to some steady-state value, there is an appreciable 
lag between field command and field response. As a result, the first few 
points of a measurement (of direct moment vs. field) may be 
compressed, and the final value may fall short of the target. The field 
response can be approximated by an asymptotic lag and an "attack time 
constant," the time constant with which the lag approaches this 
asymptotic value. Given these values, the system is able to effect a first-
order correction for lag. 

Asymptotic lag: Typical value is asymptotic lag, 55 ms. The actual 
value is best determined by experiment, and will depend to some 
extent on the magnet (2" or 4") and gap (0.50" or 0.75"). 

Attack time constant: Typical value is attack time constant, 45 ms. 
The actual value is best determined by experiment, and will depend 
to some extent on the magnet (2" or 4") and gap (0.50" or 0.75").  
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Execution Selections 
Demagnetize before 
measuring: This function 
allows you to demagnetize the 
sample while it's still on the 
sample carrier.  The 
Alternating field 
demagnetize dialog box pops 
up when you select this 
option so you can 
review/modify the settings. 

 
Figure 51.  Alternating field 

demagnetize dialog box  

Isothermal remanent magnetization (IRM): In this technique 
the field steps from zero to the specified maximum in increments 
equal to the specified applied field increment. At each point, the 
field holds for an interval equal to the specified pause at applied 
field time. If direct magnetization is to be plotted too, the direct 
magnetization moment value is taken at the end of the pause time. 
The field then switches off for the specified pause at zero field 
time and the remanence moment for that point is taken. This 
cycle repeats until all points have been taken. The data is 
displayed graphically as the run progresses. On completing the 
run, the data may be processed using the usual measurement 
functions described previously.  

 
 

 Figure 52.  Isothermal Remanence Measurement 

Figure 52 illustrates a typical IRM measurement. Both the direct 
magnetization and remanence curves are shown.  

Note: Because an IRM sweep starts at zero field, the mounted 
sample must be demagnetized before initiating a run using this 
technique. 
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DC demagnetization remanence (DCD): In this technique, prior 
to taking data, the field is set to the applied field maximum. As a 
result, demagnetization of the mounted sample is not necessary 
with this technique. It then sweeps, in steps, to the negative 
maximum, taking remanence data and, if selected, direct 
magnetization data, as it proceeds. The data is displayed 
graphically as the run progresses. On completing the run, the 
data may be processed using the usual measurement 
subfunctions described previously. Figure 53 illustrates a typical 
DCD measurement. Both the direct magnetization and remanence 
curves are shown.  

 
 

Figure 53.  DCD Remanence Curve  

Repeat saturation (in DCD): Applies only to the DCD remanent 
measurement. It allows the user to choose either "single saturation" 
or repeat saturation for this measurement.  A check in the box 
selects Repeat saturation. 

Include direct magnetization: Allows the initial magnetization to 
be plotted with the remanence. 

IRM + DCD: When the check boxes for both Isothermal remanent 
magnetization and DC demagnetization remanence are selected, 
both an IRM and a DCD will be performed on the sample. Since an 
IRM is included, the mounted sample must be demagnetized before 
initiating a run with this technique. If the sample has not already 
been demagnetized, you can select Demagnetize before measuring 
to set the demagnetization parameters: the demagnetization will be 
automatically performed before the IRM and DCD when the Execute 
button is clicked on. Figure 54 illustrates a measurement using the 
IRM + DCD technique. 
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Figure 54.  IRM + DCD 

4.7.3  Multiple Remanence Curves 

Introduction 
The Multiple remanence curves function allows you to acquire 
multiple remanence curves by defining a series of curves to be executed. 
The calculated duration of the measurement is reported in the lower left 
corner of the dialog box.  

 
Figure 55.  Multiple remanence curves dialog box  
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To Perform Multiple Remanence Curve Measurements: 

1. Select Remanence curves from the Measurements menu on the 
Main window. 

2. Select Multiple remanence curves from the menu.  

3. In the Multiple remanence curves dialog box (Figure 55), begin 
entering the measurement parameters in the Curve 1 column. The 
parameters in each column describe a remanence curve to be 
included in the measurement run.  

Note: If no editing is occurring in a field, a brief description of the 
current parameter value is displayed below the table as the mouse 
cursor is moved over its entry field. For example, the text shown in 
Figure 55 above was displayed because the mouse cursor was on the 
IRM heading. 

4. Use the popup edit menu to copy, delete, insert, or paste curves. 
This menu appears when you click on the column heading for the 
segment. 
• In order to copy or delete a curve, click on the column heading to 

select the curve to be copied or deleted, and then click on the 
appropriate function in the pop-up menu. 

• When a previously copied segment is inserted, a new curve 
column will be inserted to the left of the selected column.  

• When a previously copied curve is pasted, it will overwrite the 
curve parameters in the selected column. 

5. After defining the desired number of curves, click on Execute to 
start the measurement sequence. 

4.8  Measurements vs. Orientation 

4.8.1  Introduction 

For a dipole moment or hysteresis loop measurement vs. orientation, the 
measurement from the Measurements|Moment vs. Orientation 
submenu on the Main window. 

Note: For a dipole moment vs. orientation measurement, a steady state 
field may be applied via the applied field function of the Main window. 
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4.8.2  Moment vs. Orientation 

 
Figure 56.  Moment vs. Orientation dialog box 

Moment vs. Orientation Parameters: 
Applied field: Pops up the Apply static field (Oe) dialog box so you can 
enter values for an applied field. 

Initial orientation: Allows setting the angular starting point for either 
measurement. 

Orientation increment: Allows setting the angular increment desired 
for either measurement.  

 Note: In setting these parameters, keep in mind that the maximum 
number increments is 1000. Although parameter values that would 
result in a larger number of points can be specified, the result will be 
an error message when you attempt to initiate the measurement. 

Pause after orientation increment: Allows setting the pause time in 
seconds following an angular increment.  

Averaging time: Sets averaging time desired (in seconds per orientation 
increment). 

Final orientation: Allows setting the final orientation for the last 
measurement (applies to either measurement). 

Measurement time (approximate): Based upon the parameters entered 
by the operator, the system computes an approximate time required to 
complete the measurement. 
Retrace final-initial: Check this box to reverse the direction of the 
measurement after the initial-final measurement is made and plotted. 
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4.8.3  Dipole Moment vs. Orientation 

With the desired parameters set, uncheck the Retrace final-initial 
check box and click on the Execute button to start the measurement 
sequence. Upon completion of the measurement, use the functions 
available from the Measurements vs. Orientation window menu.  
Figure 57 shows a typical Dipole Moment vs. Orientation measurement.  

 
Figure 57.  Dipole vs. Orientation Measurement 

4.8.4  Sequences vs. Orientation 

Setting up to run this measurement requires that you enter the 
parameters for the hysteresis loop and/or remanence curve and enter 
the orientation parameters. The choices available for this function are to 
include hysteresis loop, include remanence curve, and apply initial 
orientation after completion or abort. Defining sequences can be done 
after you set the parameters for hysteresis loops and/or remanence 
curves via the appropriate menu on the Sequences vs. orientation 
dialog box (Figure 58). Setups for hysteresis loops and remanence 
curves have been described previously in Sections 4.6.5 (starting on 
page 53) and 4.7.2 (starting on page 69), respectively. 
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Figure 58.  Sequences vs. orientation dialog box 

With the desired parameters set, click on the Execute button to start 
the measurement sequence. The function will automatically run and 
save a hysteresis loop and/or remanence curve at the desired angular 
increment settings. Upon completion of the measurement, use the 
functions available from the Tools menu on the data display window. 

Figure 59 is actually a composite of three hysteresis measurements 
performed on a sample of magnetic recording tape. The red curve 
shows the results with the sample oriented for maximum output (0°). 
The green curve illustrates the results at 45° and the black curve the 
results at 90°.  

 
Figure 59.  Sequence (Hysteresis) vs. Orientation Measurement 

Note:  This composite was created by using the Add record function on 
the data display window. See Chapter 5 for more information. 
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4.9  Measurements vs. Temperature 

4.9.1  Introduction 

Before using this menu, it 
is assumed that either a 
cryostat or oven accessory 
is installed in the VSM 
and that the appropriate 
temperature   
control device has been selected  in the software. Note that this 
measurement is grayed out unless you have selected a temperature 
control device (Cryostat or Oven) on the Temperature control settings 
dialog box, accessible from the Settings window. 

In addition, the following application software considerations apply. For 
a Dipole Moment (simple or multiple segments) or Sequences (hysteresis 
loop or remanence curve) vs. Temperature, select Measurements vs. 
temperature from the Measurements menu in the Main window. Then 
select the appropriate function from the menu. Set the temperature 
parameters appropriately for the intended measurement. Each is 
described in the following paragraphs. 

For operation with the oven, refer to Appendix A of this manual. For 
operation with the cryostat, refer to Appendix B. 

4.9.2  Simple Moment vs. Temperature 

For a Dipole (simple) Moment Measurement vs. Temperature, select 
Measurements vs. Temperature from the Measurements menu in the 
Main window and Simple moment vs. temperature from the menu. 
Then set the temperature parameters as appropriate for the intended 
measurement.  

Note: For a Dipole Moment vs. Temperature measurement, a steady state 
field may be applied via the Applied field function. 
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Figure 60.  Moment vs. temperature dialog box 

Simple Moment vs. Temperature Parameters 

Applied field: Pops up the Apply static field (Oe) dialog box so you 
can enter values for an applied field. 

Initial temperature: Allows setting the Initial or Start temperature 
for either measurement. 

Temperature increment (magnitude): Allows setting the desired 
increment for either measurement. Keep in mind that the value 
entered must not result in more than 1000 increments. If it does, 
an error message will be generated when the measurement run is 
initiated.  

Pause after temperature increment: Allows setting the pause time 
in seconds following a temperature increment. 

Averaging time: Sets averaging time desired (in milliseconds per 
point). 

Final temperature: Allows setting the final temperature increment 
for the last measurement (applies to either measurement).  

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement. 

Upon completion of initial-final segment, measure final-initial: 
Check this box to reverse the direction of the measurement after the 
initial-final measurement is made and plotted. 

After completing (or aborting) measurement, apply initial 
temperature: Check this box to re-apply the initial temperature 
after the measurement is made and plotted. 
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4.9.3  Multiple Segments vs. Temperature 

Multiple segments vs. temperature is used for measurements of direct 
moment vs. temperature where the operator can specify different ranges 
of temperature, with differing parameters (temperature increment, 
averaging time, etc.) for each segment.  It is also possible to define non-
measuring segments for annealing or otherwise conditioning the 
sample. To access Multiple Segments vs. Temperature, select 
Measurements vs. temperature from the Measurements menu in the 
Main window and then select Multiple segments vs. temperature from 
the listing. You can then set up one or more segments for measurement 
in the tabularized listing of programmed segments (Figure 61).   

 
Figure 61.  Tabularized Listing of  

 Multiple segments vs. Temperature Parameters 

Multiple Segments vs. Field Parameters 
 The following six variables must be specified for each segment:  

Initial Temperature: Enter the initial temperature. Segments after 
the first, start at the final temperature of the preceding segment. 

Temperature Increment: Enter the desired temperature increment 
depending upon the resolution requirements for that portion of the 
curve.  

Averaging Time: Power supply dwell time (in ms) at each 
temperature increment of the current segment. Minimum of 100 ms 
and maximum of 1 ks. 

Take Data?: Toggle function, (yes/no) to take data or not in that 
segment. 

Final Temperature: Set final temperature for the current segment. 

Pause after Increment: Power supply pause time at final 
temperature of previous segment; before starting the current 
segment. Minimum of 0.0 ms and maximum of 1 ks. 

File 
This function allows you to save the current setup to a file and to 
retrieve a previously saved setup. 
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To Perform a Multiple Segments vs. Temperature 
Measurement:  
1. If there is a previously saved setup for a measurement you want to 

repeat, you can retrieve it to populate the table.  Otherwise, add, 
delete, or clear all segments, as necessary for a new measurement.  

• Adding a Segment: Click on the segment number after which 
you want to insert a new segment. Then click on Add segment 
and click on Yes. The initial temperature for the new segment is 
automatically the final temperature of the previous. The final 
temperature is the same as the final temperature for the 
previous segment and therefore the temperature increment will 
be 0.0. At a minimum, you will need to change the final 
temperature for the new segment and for any subsequent 
segments.  Once you have changed the final temperature, you 
will probably want to change the temperature increment as well. 

• Deleting a Segment: Click on the segment number that you 
want to delete. Then click on Delete segment and click on Yes. 
Adjust segment values as necessary. You can delete all but one 
segment. The system will not allow you to delete Segment 1. 

• Clearing All Segments: Click on Clear all. All segments except 
Segment 1 will be deleted. 

2. Change or enter the segment values by clicking on the value to be 
entered or changed. This causes a message about the parameter 
value to appear below the table. In the table shown below, the final 
temperature of the selected segment must be changed before you 
can change the temperature increment. 

 
3. Key in the new value(s). 

4. Click on Execute after you have completed the parameter value 
entries for the segments. The data will be displayed graphically as 
the run progresses. After completing the run, the data may be 
processed using the standard direct measurement functions as 
previously described.  
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4.9.4  Sequences vs. Temperature 

 
Figure 62.  Sequences vs. temperature dialog box 

For a Hysteresis Loop Measurement and/or a Remanence Curve 
Measurement vs. Temperature, select Measurements vs. temperature 
from the Measurements menu in the Main window and then select 
Sequences vs. temperature from the listing. Set the temperature 
parameters as appropriate for the intended measurement.  

Setting up to run this measurement requires that you enter the 
parameters for the hysteresis loop(s) and/or remanence curve(s) as well 
as enter the temperature parameters. The choices available for this 
function are to include hysteresis loop, include remanence curve, and 
apply initial temperature after completion or abort. Defining loops 
and/or curves can be done after you click on the Hysteresis loop or 
Remanence curve button on the Sequences vs. temperature dialog 
box.  Setups for hysteresis loops and remanence curves have been 
described previously in Sections 4.6.5 (starting on page 53) and 4.7.2 
(starting on page 69), respectively. 

Sequences vs. Temperature Parameters 
Initial temperature: Allows setting the Initial or Start temperature 
for either measurement. 

Temperature increment: Allows setting the desired increment for 
either measurement. Keep in mind that the value entered must not 
result in more than 1000 increments. If it does, an error message 
will be generated when the measurement run is initiated.  

Pause after temperature increment: Allows setting the pause time 
in seconds following a temperature increment. 

Final Temperature: Allows setting the final temperature increment 
for the last measurement (applies to either measurement).  



CHAPTER 4 
SYSTEM SOFTWARE  
AND OPERATING PROCEDURES 4.10  Measurements vs. Time 

 85 

Measurement time (approximate): Based upon the parameters 
entered by the operator, the system computes an approximate time 
required to complete the measurement.  

 
Figure 63.  Hysteresis Loops vs. Temperature Measurement 

4.10  Measurements vs. Time 

4.10.1  Introduction 

This technique allows 
examination of moment 
decay as a function of 
time. Programming the 
technique requires use of 
the Simple moment vs. 
time or the Multiple 

 

moment vs. time records function. As you can see, these functions are 
accessed by selecting Measurements vs. time from the Measurements 
menu in the Main window. 



CHAPTER 4 
SYSTEM SOFTWARE  
AND OPERATING PROCEDURES 4.10  Measurements vs. Time 

 86 

4.10.2  Simple Moment vs. Time 

 
Figure 64.  Moment vs. time dialog box  

In this measurement technique, a strong field is initially applied for a 
specified time. Then the field is switched to a new final value, typically 
just below Hc for the sample, and moment data is taken for the specified 
timebase. The result is a plot of the moment decay with time. If the final 
field and timebase are selected appropriately, the moment will approach 
zero asymptotically toward the end of the timebase. Figure 65 illustrates 
a typical Time Dependence Measurement. 

 
 

Figure 65.  Time Dependence Measurement 

Moment vs. Time Parameters 
Conditioning field: Enter initial field to be applied to the sample 
being measured. Setting this value will require a few trial runs.  

Conditioning field applied for: Sets the duration of the 
conditioning field. 

Measuring field: Sets the field to be applied the sample during the 
measurement. 
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Time per point: Sets the time per data point. 
Timebase: Sets the duration of time-dependence measurement in 
seconds.  
Dia-/paramagnetic correction: Allows for "real-time" slope 
correction during the Moment vs. time measurement. It is only 
used if the sample exhibits paramagnetic (positive emu signal) or 
diamagnetic (negative emu signal). It is recommended that the user 
first run a traditional hysteresis loop to determine if the loop requires 
slope correction. After determining the requirement for slope 
correction, correct the data if necessary and then open the Moment 
vs. time dialog box.  Click in the field for Dia-/paramagnetic and 
click on the down arrow key. Two fields will be displayed: the top is 
for manual entry of the slope correction, the bottom reports the 
value of the slope correction applied from the previously run 
hysteresis loop. 

Slew rate limit (max): Slews the field to the positive H maximum as 
entered. 

Slew time limit (min): Time interval to traverse the full-scale 
gaussmeter range being used. This is at the expense of overshoot. 
The default setting is 300 ms. 

4.10.3  Multiple Moment vs. Time Records 

 
Figure 66.  Multiple moment vs. time measurements dialog box  

To Perform Multiple Moment vs. Time Measurements: 

1. Select Measurements vs. time from the Measurements menu on 
the Main window. 

2. Select Multiple moment vs. time records from the menu.  

3. In the Multiple moment vs. time measurements dialog box (Figure 
66), begin entering the measurement parameters in the Segment 1 
column. The parameters in each column describe a segment to be 
included in the measurement run.  

Note: A brief description of a parameter value is displayed below the 
table when the cursor moves over an entry field. For example, the text 
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shown below the table in Figure 66 above was displayed because the 
Conditioning field applied for entry field was selected. 

4. Use the popup edit menu to copy, delete, insert, or paste segments. 
This menu appears when you click on the column heading for the 
segment. 
• In order to copy or delete a segment, click on the column heading 

to select the segment to be copied or deleted, and then click on 
the appropriate function in the pop-up menu. 

• When a previously copied segment is inserted, a new segment 
column will be inserted to the left of the selected column.  

• When a previously copied segment is pasted, it will overwrite the 
segment parameters in the selected column. 

5. After defining the desired number of segments, click on Execute to 
start the measurement sequence.  

4.11  Noise Measurement 

4.11.1  Introduction 

The noise-measurement facility is provided primarily for on-site 
diagnostics. This function is useful when attempting to locate the source 
of acoustic noise in the laboratory installation site. In a magnetization 
noise measurement the system measures the background noise 
(acoustic plus electronic). Usually the noise source is acoustic: blowers, 
pumps etc. The user can easily turn the various noise sources on and 
off to evaluate the effect each is having. Water pumps, closed cycle 
system chillers, and valves can be significant sources of noise.  

4.11.2  Measure Noise (moment) 

If you suspect that the noise is electronic, you can install a dummy 
probe (plug with shielded capacitor) to eliminate acoustic noise effects.  

To Perform a Noise Measurement: 
1. Install the sample rod with the YIG sphere calibration sample 

supplied with the system. 

2. Calibrate the system.  

3. Do not remove the sample rod, but turn the drive OFF and lift the 
driver head to its fully up position Leave the magnet power on.  

4. Set the emu sensitivity to 10 or 20 μemu and averaging time to 1 
second.  

5. Select Measure noise (moment) from the Tools menu in the Main 
window. This will start a noise measurement.  

6. Allow a full duration run. At the end of the run, the Standard 
deviation and Mean will be displayed.  
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Note: The Abort button allows you to quit the measurement before it 
has completed. 

 
Figure 67.  Moment (standard deviation) window  

4.11.3  Measure Noise (field) 

If you suspect electronic noise from the magnet power supply, conduct 
this test.   

1. First, set the gaussmeter full-scale range to 30 Oe as follows:  

• In the lefthand panel on the 
Main window click in the 
value field for Applied field. 
This will pop up the Apply 
static field (0e) dialog box. 

• Type in 30 and then press 
[ENTER]. 

• Click on Toggle or Toggle 
(non-overshoot) to turn the 
field off. 

 

• Close the Apply Static field dialog box. 

2. Then, click on Tools and select Measure noise (field). The Standard 
Deviation should not exceed 10 mOe @ 100 ms averaging time. 



CHAPTER 4 
SYSTEM SOFTWARE  
AND OPERATING PROCEDURES 4.13  Retrieve Data from Disk 

 90 

 
Figure 68.  Field Noise (standard deviation) window 

4.12  Review Current Data 
To review current data (acquired by your most recent measurement or 
retrieved from disk), click on View on the Main menu bar. 

4.13  Retrieve Data from Disk  

4.13.1  Introduction 

To retrieve data from a hard or floppy disk, click in the Main menu bar 
or, in other windows, click on File and select Open file. This pops up 
the Retrieve data file dialog box (Figure 69), which allows you to locate 
and open previously stored data.  

 
Figure 69.  Retrieve data file dialog box 
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4.13.2  Open File Functions 

Look in: Select the data directory and/or drive from the dropdown list. 

File list: Displays the file names in the selected directory that match the 
selected file type. Click on the file you want to retrieve. This will enter 
the file name into the File name entry field. 

File name: Displays the name of the selected file and allows you to 
enter the file name of the file if you know it. You can use wildcard 
characters (* or ?) when entering the file name. If you use wildcards, all 
file names that match will be displayed in the File list. 

Files of type: This entry is limited to *.* 

Open: Click on this button to retrieve the highlighted or named file. 

4.13.3  Example Curves 

A number of example curves are supplied with the software. In Figure 69, 
the designated directory contains the example curves. These example 
curves are particularly useful for assisting new operators in become more 
familiar with the operating software without the need to actually 
measuring samples. A brief description of the VSM example curves 
follows. 

File Description 

VSM00001 Calibration sample, Ni foil  
VSM00002 Empty sample holder  
VSM00003 Nickel foil: initial magnetization  
VSM00004 Magnetic recording media  
VSM00005 Magnetic recording tape 
VSM00006 Magnetic recording media, (19 minor loops) 
VSM00007 Magnetic recording media, segmented scan 
VSM00008 Magnetic recording media, IRM 
VSM00009 Magnetic recording media, DCD 
VSM00010 Magnetic recording media, IRM and DCD 
VSM00011 Magnetic recording media, dipole vs. orientation 
VSM00012.001 Magnetic recording tape, hysteresis vs. orientation @ 0° 

degrees 
VSM00012.002 Magnetic recording tape, hysteresis vs. orientation @ 45°  
VSM00012.003 Magnetic recording tape, hysteresis vs. orientation @ 90°  
VSM00013 Magnetic recording tape, time dependence 
VSM00014 Amorphous Ni-Fe alloy, Allied 2826B 
VSM00015 Iron foil; temperature scan 100 to 750 to 100 degrees C. 
VSM00016 Gadolinium sample 
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File Description 

VSM00017.001 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
VSM00017.002 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
VSM00017.003 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
VSM00017.004 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
VSM00017.005 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
VSM00017.006 Iron foil; hysteresis loops at 500, 550, 600, … 750 degC. 
 

4.14  Settings Window 

4.14.1  Introduction 

Clicking on Settings on the Main menu bar opens the Settings window 
(Figure 70) allowing you to change some of the basic display and 
operating parameters, such as the readout units specification.  

In addition, some of the entries in this manual need to be tailored to the 
specific system configuration, such as indicating whether the system 
includes a cryostat. Unlike the Utilities window, where entries are 
normally changed only under factory guidance, the Settings window 
selections can be freely changed, although making changes should 
seldom be necessary. 

 
Figure 70.  Settings window  



CHAPTER 4 
SYSTEM SOFTWARE  
AND OPERATING PROCEDURES 4.14  Settings Window 

 93 

4.14.2  Settings Window Panel 

 A discussion of the Settings window entries follows. 

Magnetometer type, Hardware version, Software version, and 
Data files saved as version report system information. This 
information cannot be changed by the user. 

Units of Measure - magnetism: Allows the choice of cgs units (field 
in oersteds; magnetization in emu), SI units (field in amps per meter; 
magnetization in amps per meter square meter), or hybrid SI units 
(field in Tesla; magnetization in amps per square meter). To make 
your selection press [ENTER] and use the up/down arrow keys to 
indicate the desired units. 

Units of Measure - temperature: Temperature can be in units of 
Kelvin or Celsius.  

Limit field to: Sets the maximum field for the VSM system (2” or 4” 
electromagnet) and configuration. The following table is a guide for 
making the appropriate setting: 

Model Mode Air Gap Max. Field 
M3900-02 (2”) Room temperature 

operation 
½” (12mm) 14kOe 

M3900-02C (2”) With cryostat installed ¾” (20mm) 10kOe 

M3900-02F (2”) With furnace installed ¾” (20mm) 10kOe 

M3900-04 (4”) Room temperature 
operation 

½” (12mm) 22kOe 

M3900-04C (4”) With cryostat installed ¾” (20mm) 18kOe 

M3900-04F (4”) With furnace installed ¾” (20mm) 18kOe 
 

Table 1.  Field Limits 

Note:  If the electromagnet is to be used with an air gap exceeding ¾” 
(20 mm), refer to the following Maximum Field vs. Gap performance 
curves (Figure 71). Do not exceed the specified field vs. gap setting. 
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Figure 71.  Maximum Field vs. Gap Curves  

Enable X5 Gradient: N/A. MicroMag AGM function. 

Magnet Power Supply: Allows you to select the Magnet Power 
supply. Older VSMs use an AML power supply. The newer models 
use the PMC magnet power supply that is computer-controllable 
through the serial port (COM1, COM2, COM3, or COM4). For the 
PMC supply, you can specify the COM port that is being used and 
you can change the intensity of the front panel illumination (1-4, 
with 4 being the brightest setting). 

ADC Offsets: Factory set, do not change! 

Update ADC offsets: Permits changing the ADC offsets. 

Set ADC offsets to zero: Resets the ADC offset to zero. 
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4.15  Computer Settings  
Click on Computer in the Settings menu bar to open the Computer 
dialog box (Figure 72).  

 
Figure 72.  Computer settings dialog box  

OS platform: this parameter is read-only.  
OS platform = 1 ....... Windows 95/98/ME 

 OS platform = 2 ....... Windows NT/2000/XP/Vista. 

Board number of digital interface card: This parameter is fixed at 
zero.  The application Instacal (available as a no-charge download 
from www.measurementcomputing.com) must be used to set the 
board number of the interface card (PCI-DIO24, or CIO-DIO24) to 
zero.  

Controller responds?: This parameter reports whether or not 
communication is established between the computer and the 
MicroMag controller.  

Speed of communications: Where current software is utilized with 
a pre-1994 MicroMag controller, there may be erratic indications of 
field and/or moment resulting from communications problems.  
Should this occur, it may be possible to restore proper operation by 
toggling this parameter from Normal to Slow.   

4.16  Field Control Settings 

4.16.1  Introduction 

Click on Field control in the Settings menu bar to open the Field 
control settings dialog box (Figure 73). In remanence measurements, 
for example, field changes must be effected as rapidly as possible, but 
without overshooting the target field. To ensure rapid overshoot-free 
response, the field is slewed in two segments: an initial, relatively fast 
linear ramp over slightly less than the entire traverse, followed by a 
second, exponentially asymptotic approach to the target field. 

The optimum settings are best determined by experiment, and will 
depend to some extent on the magnet gap (0.50" or 0.75"). To return to 
system default values, click on Defaults. If you then click Yes on the 
popup dialog, all of the current values will be replaced by defaults. 

Note: The information in this section of the manual can be accessed via 
the Help button on the dialog box. 
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Figure 73.  Field control settings dialog box  

4.16.2  Field Control Settings Parameters 

Initial (rate-limited) traverse 
Slew time limit: The slew time limit applies to the initial, rate-
limited traverse, and establishes a minimum slew time for a full 
traverse from the current field to the target field. The slew time limit 
will control if the field change is small, and the slew rate limit 
(explained below) will control for larger field changes. A typical value 
of slew time limit is 100 ms. 

Slew rate limit: The slew rate limit also applies to the initial, rate-
limited traverse, and establishes a maximum slew rate (e.g., Oe/s, 
T/s) that will not be exceeded. The slew rate limit will control where 
the field change is large, and the slew time limit will control for 
smaller field changes. A typical value of slew rate limit is 10 kOe/s, 
or 1 T/s. 

For the values given above (100 ms, 10 kOe/s), a field change of 10 
Oe would take place in 100 ms; a field change of 1 kOe would also 
take place in 100 ms; and a field change of 22 kOe would take place 
in 2.2 s (these times refer to the initial rate-limited traverse only).  

Second order slew rate limit:  As a general rule, the second order 
slew rate limit should be set to the maximum of 5E9 Oe²/s, so that 
the actual slew is determined solely by the slew time limit and slew 
rate limit previously described. In some situations, however, the 
second order slew rate limit may be utilized to slow the rate of 
change of field at higher applied fields. A value of 10E6 Oe²/s, for 
example, corresponds to a slew rate of 10 kOe/s at 100 Oe, but 
only 100 Oe/s at 10 kOe.    

Final (exponential) traverse 
Fraction of total traverse: A typical value is 0.05, in which case the 
initial rate-limited traverse will extend over 95% of the total field 
change (e.g., from +10 kOe to +500 Oe), with the final exponential 
traverse extending over the remaining 5% (+500 Oe to zero). 
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Characteristic time constant: This is the time constant with which 
the field (in the final, exponential traverse) approaches the target 
value. A typical value for characteristic time constant is 400 ms.  

Lag anticipation: Because a finite time is required to accelerate the field 
sweep rate from zero to some steady-state value, there is an appreciable 
lag between field command and field response. As a result, the first few 
points of a measurement (of direct moment vs. field) may be 
compressed, and the final value may fall short of the target. The field 
response can be approximated by an asymptotic lag and an "attack time 
constant," the time constant with which the lag approaches this 
asymptotic value. Given these values, the system is able to effect a first-
order correction for lag. 

Asymptotic lag: Typical value is asymptotic lag, 55 ms. The actual 
value is best determined by experiment, and will depend to some 
extent on the magnet (2" or 4") and gap (0.50" or 0.75"). 
Attack time constant: Typical value is attack time constant, 45 ms. 
The actual value is best determined by experiment, and will depend 
to some extent on the magnet (2" or 4") and gap (0.50" or 0.75"). 

4.17  Stepper Motor Settings 
Factory set. Do not make changes without first contacting a factory 
engineer. 

 
Figure 74.  Stepper motor dialog box 
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4.18  Temperature Control Settings 

4.18.1  Introduction 

Click on Temperature control in the Settings menu bar to open the 
Temperature control settings dialog box (Figure 75).  

 
Figure 75.  Temperature control settings dialog box 

4.18.2  Basic Temperature Control Parameters  

A discussion of the basic Temperature Control selections follows. 

Temperature control device: Used to specify the temperature 
device, if any. The choices are None, LHe Cryostat, LN2 Cryostat, 
Ar Furnace, and He Furnace. 

Temperature limited to: For a cryostat, the range is 0K  (-273.1º C) 
to 473.1K  (200º C). For a furnace, the range is 273.1K (0.0º C) to 
1,123.2K (850.0º C). Enter the desired temperature limit. 

Temperature difference correction: Available when the 
temperature control device is a furnace. Allows you to correct for 
temperature difference between the thermocouple and the sample. 
Click in the field to the right to toggle the correction between No and 
Yes. When Yes is displayed, the current correction will be applied.  

New correction curve: Allows you to enter the compensation 
values. 

1. Enter the first indicated (uncompensated) temperature. 

2. Enter the actual sample temperature corresponding to an 
indication at the temperature entered in Step 1. 

3. Enter the second indicated (uncompensated) temperature. 

4. Enter the actual sample temperature corresponding to an 
indication at the temperature entered in Step 3. 
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Show correction curve: Opens the Temperature difference 
correction table that shows this information in tabular format. 

 
Figure 76.  Temperature difference correction table 

Thermocouple calibration: Applies only if the system includes a 
cryostat specified as the temperature control device. Calibration is a 
two-step procedure. Before starting the pre-cool procedure, calibrate 
the thermocouple (in Kelvin) at the ambient temperature (273.12 K + 
Ambient C). After cool-down, calibrate the thermocouple at 4.2 K 
(with liquid helium in the sample zone) or at 77K (with liquid 
nitrogen in the sample zone).  

Note: Refer to the cryostat operating instructions provided with your 
cryostat for more information on calibrating and operating the cryostat. 
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4.18.3  Advanced Temperature Control Parameters 

 
Figure 77.  Advanced Temperature control dialog box 

Lower asymptotic temperature: Associated with temperature slew, 
this is the final temperature for a cooling slew. Factory determined. 
DO NOT CHANGE. 

..Time constant of approach: The time constant associated with the 
selected cooling control device. Factory determined. DO NOT 
CHANGE. 

Upper asymptotic temperature: Associated with temperature slew, 
this is the final temperature for a heating slew. Factory determined. 
DO NOT CHANGE. 

..Time constant of approach: The time constant associated with the 
selected heating control device. Factory determined. DO NOT 
CHANGE. 

Thermocouple offset: Factory determined. DO NOT CHANGE. 

Thermocouple gain: Factory determined. DO NOT CHANGE. 

Temperature control loop: Factory determined. DO NOT CHANGE. 



CHAPTER 4 
SYSTEM SOFTWARE  
AND OPERATING PROCEDURES 4.20  Save Configuration 

 101 

4.19  Retrieve Configuration  
Accessible from the Tools menu, allows you to retrieve and apply a 
previously saved system configuration. The following configuration files 
are supplied with the MicroMag software:  

FactoryDefault.cfg: “Factory default” configuration file. 
FactoryDefault.cfg is just a re-named replica of Current.cfg as it 
existed at some moment in time.  All of the current settings will be 
overwritten by the factory defaults. 

Backup.cfg: This configuration file is a duplicate of the 
FactoryDefault.cfg file. 

Current.cfg: Configuration file in which machine settings are stored. 
Current.cfg is retrieved each time the operating software is entered 
and saved to disk each time the operating software is exited. 

Additional configuration files may be available if you have saved 
configurations for particular measurement setups. 

4.20  Save Configuration  
Accessible from the Tools menu, allows you to save the current 
configuration. It’s a good idea to do this before making changes to the 
hardware setup (including the probe) or retrieving a previously stored 
configuration. The current configuration is automatically saved to 
disk whenever you exit the MicroMag program. 
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4.21  Utilities Window  

4.21.1  Introduction 

The Utilities window (Figure 78) is used for factory-guided 
troubleshooting only. Since this window would not be accessed under 
normal operating conditions, it is not accessible from the Main menu 
bar. However, if necessary, it can be opened by pressing ALT + U while 
in the Main window.  

Caution! Misuse of the functions provided in this menu could 
cause the system to work improperly or even to be damaged. 
Always consult the factory and exercise due care before making 
any changes via this menu. 

 
Figure 78.  Utilities window  

4.21.2  Utilities Window Parameters 

A description of each Utilities window function follows.  

Frequency: Allows setting the oscillator frequency from 0 to 
1023.75 Hz.  

Selective Amplifier Mode: Choice of four: Flat, Low-pass, Bandpass 
and Allpass. 

AC Gain: Gain may be set from 1 to 50 k. 

DC Gain: Two ranges available; 10 or 100 (toggle function).  

Phase: Adjustable in degree increments. 

Time Constant: Adjustable from 30 μs to 30 ms. 
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Vibration (relative): Controls vibration amplitude of VSM driver 
head.  (1.0 being maximum).   May be attenuated when measuring 
strong samples. Setting choices are 1, 0.5, 0.2, and 0.1. 

Gaussmeter Range: Used to set the gaussmeter full-scale range 
(10 Oe to 30 kOe). 

Magnet Span DAC: Allows setting the percentage of selected 
gaussmeter range that will be swept. Span range is 0 to 255 (Span 
setting / 255) X 100 = Percentage). 

Magnet Sweep DAC: Manual control of applied static field; 
maximum field determined by Maximum Field setting in 
Measurements menu. 

4095 = Maximum positive applied field 
2048 = Zero applied field 
1 = Maximum negative applied field 

Magnet Loop Control: Factory set, do not change! 

Temperature Control Mode: Toggle function, control/calibrate 
(Automatic function, do not change) 

Temperature Command DAC: Factory set, do not change! 

Current Preset DAC: Factory set, do not change! 

Temperature Loop Control DAC: Factory set, do not change! 

Update ADC offsets: Permits changing the ADC offsets. 

Set ADC offsets to zero: Resets the ADC offset to zero. 

Click on the X button in the upper right corner to return to the Main 
window. 
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 Chapter 5 
Data Display and Correction 

5.1  Introduction 
The data display window opens when an existing file (such as one of the 
sample files) is opened or when a measurement is being taken or has 
completed. Once the data is drawn on the window, you can use File, 
Description, Edit, View, Tools, and Advanced menu functions to save 
data, alter the way the data is displayed, or perform post-processing 
operations on it. 

The sections that follow describe the functions available from the data 
display menus. The actual functions available are determined by the 
types of measurement that have been performed.  

5.2  File Menu 
The File menu allows you to save measurement data, open existing files, 
import records, setup printer parameters, and print the data display to 
the current printer. 

Open file: Pops up the Windows Retrieve data file dialog box so 
you can locate a file to be displayed or, if using the Delta-M function, 
to be subtracted from the currently displayed data. 

Save file: Saves the data. Users are advised to always save the raw 
data. Corrected data can, of course, also be saved, but it should be 
saved under a different name so that the raw data curve will 
continue to be available. After data has been saved to a file, the 
filename will be reported at the bottom of the screen. Valid letters, 
digits and characters are:  

A through Z  
0 through 9  
! @ # $ % & ( ) - _ { }  

Example: Sample 1245.RAW 

Add record: Allows you to import a file into the currently displayed 
data. The data display shown in Figure 59.  Sequence (Hysteresis) 
vs. Orientation Measurement, page 79, was created by opening the 
example file Vsm00012.001 and then adding Vsm00012.002 and 
Vsm00012.003. Each time you add a record, you are given the 
opportunity to select a color for the imported record. 
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Print: Compatible with Hewlett-Packard LaserJet or 100% 
compatible printers. Allows sending acquired or retrieved data to the 
default printer.  

To change the default printer or page orientation, open the Windows 
Printers and Faxes dialog (either from the Start 
Menu|Settings|Printer and Faxes or from the Windows Control 
Panel and change the default printer and print preferences. You may 
need to close the MicroMagTM  operating software and reopen it 
before it will recognize the printer changes you have made. 

Print special: Allows you to select and print one or more of the 
elements of the data display window (Frame, Curves, and/or 
Annotations). Frame sends the frame, axes labels, description, and 
file name. Curves sends only the curves. Annotations sends only 
the annotations. Page Feed initiates a printout. 

To print only the annotations, click on Annotations, open the File 
menu again, click on Print special, and click on Page Feed to 
initiate the printout. To print more than one of these elements, select 
the first element as above, select the next element, and then click on 
Page Feed (each selection requires that you open the Print special 
submenu).  

5.3  Description Menu 
Clicking on the Description button opens the Sample description 
dialog box (Figure 79). This dialog allows you to enter a description that 
will be plotted below the graphical data. If the data is saved, this 
description is saved with it. The maximum description length is 80 
characters and the description will be displayed at the lower left of the 
data display. Note that an existing description can be edited whenever 
the data is displayed. 

 
Figure 79.  Sample description dialog box  
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5.4  View Menu 
The View menu allows you to change the way in which the data is 
drawn in the window. 

Annotations: This is a toggle function that suppresses or restores 
the annotations within the data display frame.  

Lines: Draws the data as lines drawn through the data points. 

Bubbles: Draws the data with a series of bubbles centered on data 
points. 

Color: Opens the Color dialog box so you can choose a new color for 
the curve and allows you to select the color that will be used to draw 
data being imported. 
X-axis: Toggles the X-axis display on and off. 
Y-axis: Toggles the Y-axis display on and off. 
Relocate X Origin: Allows you to choose the location of the X origin 
point on the plot. By default, the X origin is located in the center. 

Relocate Y Origin: Allows you to choose the location of the Y origin 
point on the plot. By default, the Y origin is located in the center. 

Rescale X: Allows you to change the scaling of the X-axis by 
entering the full-scale range. To change the scaling, enter the desired 
full-scale range for the horizontal axis in oersteds, and click on OK.  
Rescale Y: Allows you to change the scaling of the Y-axis by entering 
the full-scale range. Enter desired full-scale range for the vertical 
axis in emu and click on OK. 
Offset/Expand: Allows selecting a portion of the curve to be offset or 
shifted to the center of the screen after expanding, allowing a small 
portion of the data to be graphically examined in detail. This can be 
very useful in examining such phenomena as Barkhausen effects. To 
use the feature, proceed as follows: 

1. Click on Offset/Expand.  

2. Then position the cursor on or near that portion of the curve 
to be centered.  

3. Depress the left mouse button and drag the bounding box 
until it encloses the data of interest.  

4. Then release the mouse button. The curve will be replotted, 
shifted, and expanded.  

5. To return to the normal view of the curve, select Default 
View from the View menu. 

Tabular data: Pops up the Tabular data dialog, which displays the 
data points in a tabular format.  



CHAPTER 5 
DATA DISPLAY AND CORRECTION 5.5  Tools Menu 

 108 

Default View: Restores the curve to its default view with the X:Y 
origin at the center. 

5.5  Tools Menu 
The Tools menu on the data display window provides a 
variety of standard tools that may be used to process 
measurement data. The tools listed and available will 
vary depending on the type of measurement performed.  

Asymmetry (horizontal): Reports the asymmetry of 
coercivity. Click on OK to close the popup dialog box.  

Asymmetry (vertical): Reports the asymmetry of 
saturation. Click on OK to close the popup dialog box.  

Dia/paramagnetic adjustment: Active when Include 
direct magnetization is checked for remanence curve 
measurements. The automatic function applies a linear 
slope correction to correct for the effects of a strong 
diamagnetic or paramagnetic signal. Upon completion, 
the amount of correction applied (emu/Oe) will appear 
in the data display. The manual function allows 
manual slope correction by selecting this function and 
keying in the adjustment value in emu/Oe. 

Fourier components: Applicable to measurement vs. orientation 
using the VSM vector coil option. Magnitude (normalized by full scale 
moment) and phase of the first eleven Fourier components (zero 
through 10) are determined by discrete Fourier transform and made 
available for subsequent (off-line) determinations of anisotropy 
coefficients. For more information about deriving anisotropy 
coefficients from Fourier components, refer to sources such as 
Bozorth, Ferromagnetics, Chapter 12, “Magnetic Properties of 
Crystals”; and Jakubovics, Magnetism and Magnetic Materials, 
Sec. 3.2.3, “Anisotropy Energy.” 

Pole saturation correction: For applied fields greater than about 
18 kOe (1.8 T), measurement accuracy can be improved by 
correcting for the apparent reduction in signal amplitude caused by 
saturation of the magnet poles.  

Pole saturation correction involves determining the shape of the 
instrument transfer function using a sample known to have a linear 
relationship of moment vs. applied field (for example, a strong 
paramagnet such as Holmium Oxide). A polynomial fit to the 
apparent (i.e., uncorrected) moment vs. field curve yields an 
approximation to the instrument transfer function, which can then 
be utilized to correct subsequent measurements.  
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To implement pole saturation correction:  

1. Prepare a known linear sample (e.g., Holmium Oxide);  

2. Measure a hysteresis loop to, for example, ±22 kOe; 

3. Select Determine new correction.  

Pole saturation correction is a function of the magnet gap, and must 
be redetermined when the magnet gap is changed. 

Pole saturation correction can be applied to any measurement 
species (direct moment vs. field, remanence, moment vs. time, 
moment vs. orientation, moment vs. temperature, etc.), although the 
correction itself must be determined from a simple hysteresis loop 
measurement. 

Background subtraction: Allows retrieval and subtraction of a 
previously stored background curve (containing data acquired with 
an empty sample carrier and the same parameters) from the current 
data. This is sometimes useful when measuring very weak samples 
and confronted with a high background moment.  

As a general rule, background subtraction should only be used 
where there is a ferromagnetic background that cannot be 
eliminated by cleaning the sample holder, sample, etc. In all other 
situations, additive correction is the better approach.  

Before saving a background curve, be sure to use the same 
parameter settings that will be used measuring the actual sample. 
This includes averaging time, maximum field, field increment and 
type of curve (i.e., initial, loop, or initial and loop). 

Calibrate: Allows entering the desired saturation magnetization 
value (Ms) in emu from a known sample when calibrating the 
system. Use either the YIG sphere supplied with the system or some 
other known sample material. To calibrate the system, first complete 
a full hysteresis loop. Select Calibrate and key in the known 
saturation moment in emu. Then click on OK to complete the 
calibration. Remember that you are calibrating the sample holder 
used with the VSM. If you change the sample holder, you must 
repeat the calibration routine. 

Note: All settings as noted above are saved automatically upon 
exiting the MicroMag operating software. 

Delta-M: Plot of magnetization at field H and remanence at H = zero 
vs. H.  

Demagnetizing factor: Permits correcting for demagnetizing effects 
caused by the field induced in the sample from the applied field. This 
is approximately proportional to the intensity of the applied field and 
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depends primarily on the shape of the sample. This is sometimes 
referred to as shape factor compensation; or a sheared and 
unsheared curve. A detailed analysis on demagnetization correction 
is available in a reference by R. M. Bozoth in Ferro-magnetism 
published by D. Van Nostrand and Co. Inc., Princeton, NJ.  

 

Figure 80.  Diamagnetic Slope Correction  

Initial Slope (threshold field): Allows you to enter the field (Oe) 
below which initial slope is determined. 

Pole Saturation: Only applies to 4-inch magnet system. When 
operating above about 18 kilogauss, pole saturation occurs and 
causes a slight attenuation of the voltage induced in pickup coils. It 
appears as a slight downturn in the curve at high fields and is 
typically somewhere in the range of 3 to 6 percent. This selection 
allows this error to be tweaked out. To use it, you specify two points 
in the saturation region where you are confident that the curve is 
linear, that is, in saturation but before the field where pole 
saturation effects appear.  

Normalization not in effect/Normalization in effect: Allows the 
selection and implementation of normalization by sample mass or 
volume or by moment.  

Normalize by mass: Uses the entered sample mass to normalize 
the data.  

Normalize by volume: Uses the entered sample volume to 
normalize the data. 
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Normalize by moment: Rescales emu data to 90% of full scale. 
Useful when comparing overall shape characteristics of plotted 
data. 

Sample Mass: Allows you to enter the sample mass within a range 
of 1E-12 to 100 gram. This parameter is used when Normalize by 
mass is active. 

Sample Volume: Allows you to enter the sample volume within a 
range of 1E-12 to 10 cm3. This parameter is used when Normalize 
by volume is active. 

Switching Field Distribution: Causes the Switching Field 
Distribution (SFD) to be calculated and displayed. SFD is the first 
order derivative of the hysteresis loop. This is another method of 
determining the squareness characteristics of a hysteresis loop.  

Corrections: Pops up the Corrections dialog box where you can 
enable/disable or determine a new correction for Offset (field), Offset 
(moment), Moment vs. field, and/or Pole saturation. 

 
Figure 81.  Corrections dialog box 

Cancel Processing: Returns you to the raw data display. 

Options: Allows you to display or hide negative values of coercivity, 
remanent moment, and saturation moment. If you choose “No” on 
the popup dialog, the values will be displayed as “N/A”.  

 

 

 



CHAPTER 5 
DATA DISPLAY AND CORRECTION 5.5  Tools Menu 

 112 

This page intentionally left blank. 
 

 

 



 

 113 

 Appendix A 
Optional Oven Accessory 

A.1  Safety  
Danger!  Do not touch the Oven Accessory when it is operating. It 
gets very hot and is capable of causing severe burns. Figure 82 
shows typical surface temperatures when operating at a 
programmed temperature of 800°C.  

 
Figure 82.  Oven Surface Temperatures when Operating at 800°C 
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The provided heat shield should be installed and kept in the up position 
during measurements. This greatly reduces the temperature of the 
exposed surface as indicated in Figure 82, and also reduces the 
temperature gradient in the sample zone. Because the heat shield also 
gets hot, it should never be grasped directly. Always use the high-
temperature tape “handle” to move the heat shield. When the heat shield 
is in the down position you can see the sample zone, convenient for 
setting up. In the up position it provides its heat shielding by preventing 
direct access to the unsilvered portion of the vacuum jacket. 

A.2  Introduction  
The Optional Oven Accessory (Figure 83) extends the range over which 
the Model 3900 operates, allowing precise measurements to be taken at 
temperatures from ambient to as high as 800 °C.  

A.3  Theory 
The Oven Assembly mounts on the Base Plate as shown in Figure 83. 
You must use a clear fused silica sample rod with Macor lower adapter 
and Macor sample holders: Kel-F will simply melt. In operation, the 
sample rod is lowered through an opening in the Exhaust Draft 
Assembly as necessary to position the sample correctly.  

In operation, a continuous flow of helium or argon gas enters the oven 
via the inlet port located near the bottom of the assembly. The gas flows 
into and up the center of a fused-silica chamber and past the heater. 
This gas is supplied from a pressurized cylinder. (Helium is 
recommended because of its superior heat-transfer characteristics.) The 
flow rate of the supplied gas is monitored and set via the Helium Flow 
flowmeter located on the front panel of the chassis. A type “K” 
thermocouple mounted about ¼” above the heater is used to monitor 
and control the temperature. Directly above the thermocouple is the 
sample zone. The hot exhaust gas exiting the sample zone at the top of 
the fused silica chamber is removed via an extraction pump supplied 
with the system.  

Caution! When lowering the drive rod into the Furnace, be very 
careful not to go below the line of silver coating at the sample zone. 
Going below this line may cause the drive rod to contact the 
thermocouple and cause severe damage. 
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Figure 83.  Oven Assembly 

The Exhaust Draft Assembly mounts on top of the oven and serves as a 
mixing chamber to dilute the hot exhaust gas with ambient temperature 
air, lowering surface temperature of the exhaust assembly as well as 
cooling the exiting gas. 

Not shown in Figure 83 is the Heat Shield, which simply slips onto the 
vacuum jacket. In operation it can be moved up or down on the jacket 
via its handle (high-temperature tape). 

The Oven Assembly is equipped with a vacuum jacket for additional 
thermal isolation. The vacuum jacket is pumped continuously during 
operation. A vacuum shutoff valve and vacuum gauge are provided on 
the front panel of the Furnace Vacuum/Gas Flow Control chassis. 

The system contains a fully integrated temperature controller (Figure 84 
and Figure 85) and the desired sample-zone temperature can be directly 
set from the computer. Sections 4.2. and 4.9.2 (Chapter 4) contain 
detailed information on using the applications software to perform 
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Measurements vs. Temperature. Section A.6 in this Appendix discusses 
calibration of the thermocouple.  

The oven is designed to operate over a temperature range of ambient to 
800˚C (1073 K) with a temperature slew rate of approximately eight 
minutes, full span.  

 
Figure 84.  Furnace Vacuum/Gas Flow Control Chassis Front Panel 

 
Figure 85.  Furnace Vacuum/Gas Flow Control Chassis Back Panel 

A.4  Installation 

A.4.1  Oven Assembly 

1. Turn off ac power to all of the VSM system components, including 
the power supply that powers the electromagnet. 

2. Raise the driver head to its fully up position and lock it in place with 
the Z Axis Locking Knob.  

3. Remove the Sample Rod Assembly and return it to its container.  
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4. Loosen the Pole Piece Locking Screws on the electromagnet. Then 
rotate the Bell Cranks to fully retract both Pole Pieces.  

5. Retract or remove the Hall-effect probe. 

 Warning!  The Hall-effect probe is very fragile and easily broken. 

6. Working from the back of the electromagnet, use a 7/64” socket 
head wrench to loosen (loosen only; do not remove!) the two clamping 
screws located in the split-collar assembly of the oven mounting 
hardware, as shown in Figure 83. Do not remove the screws, but be 
sure to allow sufficient clearance to accept the neck of the oven. 

7. Carefully unpack the Oven Assembly. Note the silvered portion of the 
fused silica chamber. The heater and thermocouple are located just 
below the top edge of the silvered section. 

8. Again, working from the back of the electromagnet, carefully insert 
the oven assembly (fused silica chamber end first) up from the 
bottom of the electromagnet base plate through the split collar 
mounting assembly. Position the oven vertically so that the top edge 
of the silvered portion of the fused silica chamber is in line with the 
center of the pickup coils (sample zone). Tighten both clamping 
screws evenly, locking the oven in place.  

9. Slide the heat shield onto the oven from the top. When setting up, it 
would normally be moved down to make the sample region visible to 
the user. In operation, it should be up against the Exhaust Draft 
Assembly to provide protective heat shielding.  

10. Once the heat shield is in place, slip the exhaust draft assembly onto 
the top of the oven as shown in Figure 83. 

A.4.2  Hall-Effect Probe 

Reinstall the Hall-effect probe, locating its sensing tip near the center of 
the pole tips and about 2 mm behind the fused silica chamber. Viewed 
from the front of the electromagnet, the white dot on one side of the Hall-
effect Probe tip should face the right pole piece. 
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A.4.3  Magnet Air Gap 

Caution!  After the fused silica chamber is installed, be careful not 
to crush it with the magnet pole tips and pickup coils. When 
setting the air gap, do not allow the pickup coils on the magnet 
pole tips to contact the fused silica chamber. You may use a 
business card as a feeler gauge when setting the proper air gap 
between the pickup coils and chamber. As you approach the 
chamber with a pole tip, slide a business card up and down between 
the coils and chamber to determine the contact point. Repeat this 
step for the other pole tip. The goal is to set about a 0.3 mm air gap 
between the coils and the chamber outer body. 

1. To re-establish the proper magnet air gap, follow the procedure 
noted in the Caution note above. Turn the bell cranks very slowly 
counterclockwise (CCW) using a business card to feel for the initial 
point of contact. Remember that the goal is to set an air gap of 
approximately 0.3 to 0.4 mm without crushing the chamber. 

2. Partially tighten (snug down) both magnet pole piece locking screws.  

3. Slowly turn the bell cranks clockwise (as viewed from each end) 
to retract the pole tips slightly from the fused silica chamber. 
Set approximately a 0.3 mm air gap between the pickup coils and 
the silica chamber. Always set the air gap by retracting the pole 
tips. This technique removes backlash in both lead screws. 

4. Fully tighten both magnet pole piece locking screws after setting the 
air gap on each side of the fused silica chamber. 

A.4.4  Flow Control Chassis and Connections 

1. Locate the Furnace Vacuum/Gas Flow Control chassis. Install it in 
the console (uppermost location) and secure it in place with four 
Phillips head front-panel mounting screws.  

 Note: Throughout the steps that follow, refer to Figure 86, Oven and 
Chassis Connections. 

2. Referring to Figure 86, note the assembly that connects to the lower 
right of the oven. This assembly, which includes an integral Vacuum 
Gauge Tube and a length of stainless steel flex tubing is packed 
separately. Locate it and install it on the oven as shown. 

3. Locate the hard-wired cable coming from the vacuum gauge in the 
Furnace Vacuum/Gas Flow Control chassis. Connect the octal 
socket at the end of this cable to the Vacuum Gauge Tube installed 
in the previous step. 

4. Connect the stainless-steel flex tubing from the assembly installed in 
Step 2 to Vacuum In on the Chassis.  
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5. Connect the mechanical vacuum pump (supplied by the customer) 
to the Vacuum Out port on the chassis.  

Note: We suggest using a laboratory-type two-stage mechanical 
vacuum pump having a minimum pumping capacity (free air 
displacement) of 0.9 cubic feet per minute (25 l/min). The ultimate or 
blank off pressure should be 10 mTorr or better. 

6. Connect the Heater Plug (one of the two cables at the bottom of the 
Oven Assembly) to the receptacle labeled Furnace on the chassis. 

7. Connect the interconnecting cable from the receptacle labeled 
Control on the chassis to Cryostat/Heater on the back panel of the 
Model 3900 Controller. 

8. Locate the yellow spring-coiled retractable cable at the bottom of the 
Oven Assembly and connect it to the thermocouple preamplifier on 
the rear panel of the electromagnet (Figure 16 identifies this 
preamplifier).  

9. Connect a length of tubing to the output of the gas cylinder (provided 
by the customer) containing compressed helium (argon).  

 Note: The cylinder must have a two-stage regulator. 

10.  Pass the tubing through the Helium In grommet on the back of the 
chassis and connect it to the bottom barb hose fitting on the Helium 
Flow flowmeter. 

11. Connect another hose from the upper barb fitting on the Helium 
Flow flowmeter through the Helium Out grommet on the chassis 
and out to the barb-hose fitting on the Oven Assembly as shown in 
Figure 86.  

12. Connect a hose to the input of the extraction pump (supplied with 
the oven accessory). 

Note: Because the extraction pump is noisy, it may prove convenient 
to locate it five to six meters (16 to 20 ft) from the VSM. 

13. Connect a hose from the output of the Exhaust Draft Assembly and 
pass it through the Exhaust In grommet on the back of the chassis. 
Then connect it to the bottom barb hose fitting on the Exhaust Gas 
flow meter. 

14. Pass the hose through the Exhaust Out grommet on the back of the 
chassis and connect it to the top barb hose fitting of the Exhaust 
Gas flow meter. 
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A.5  Operation 
1. If you haven’t already done so, connect a vacuum pump to the 

Vacuum Out port on the rear panel of the Vacuum/Gas Flow 
chassis. 

2. Turn on the ac input power to all VSM system components except 
the magnet power supply. 

3. Start the vacuum pump and open the Vacuum Shutoff valve 
located on the front panel of the Vacuum/Gas Flow chassis. Then 
evacuate the system to about 100 mTorr or lower. 

 Warning! The vacuum pump must remain on the entire time 
the oven is operating. 

4. With the correct vacuum achieved, open the main valve on the 
cylinder of compressed gas and adjust the regulator for an operating 
pressure of about 6 psig on the working gauge. 
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Figure 86.  Oven and Chassis Connections 

  Note: The cylinder of compressed gas should be equipped with a 
two-stage gas regulator having a working gauge rated at 0-15 or 
0-30 psig (0-77.6 cm Hg or 0-155 cm Hg). 
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5. Open the valve on the Helium Flow flowmeter, and adjust for a flow 
rate of about 20 to 30 mm.  

Warning! Do not turn off the gas flow (helium or argon) to 
the oven while operating at elevated temperature. Loss of or 
restricted gas flow will result in an over-temperature 
condition at the heater and possible damage to the Oven 
Assembly.   

6. Turn on the Extraction Pump and check for flow at the Exhaust 
Flow meter. No adjustment is required. 

7. Readjust the gas flow rate to its optimum value. This can be easily 
done by setting the temperature to 800 °C and adjusting the gas flow 
for a heater current in the range of 1.4 to 1.5 A as reported on the 
right half of the Main Menu screen.  

Note: Small adjustments to the gas flow rate may be done at any time 
during operation. 

A.6  Calibration 

A.6.1  Introduction 

Temperature monitoring and control depends on a Type “K” 
thermocouple that is positioned below the sample in the gas stream. For 
accuracy, it is essential that the system be calibrated using the Omega 
Type “K” emulator provided. This must be done before the oven is first 
used for sample measurements and at intervals of about once a month 
thereafter. In doing the calibration, it is not necessary that the heater be 
powered. However, it is necessary that Oven be selected as the 
Temperature control device via the Temperature Control window. 

A.6.2  The Simulator 

Locate and examine the Omega CL3512 Digital Thermometer and 
Calibrator. Refer to the User’s Guide book supplied with the instrument 
to become familiar with its operation. The CL3512 is a dual-purpose 
instrument serving as a Type “K” Digital Thermometer and Calibrator.  It 
will be used as a calibrator to calibrate the high temperature furnace at 
100ºC and 800ºC.  Turn on the Calibrator by rotating the function 
switch between –100 and 100ºC.  (Be sure to select degree ºC by 
pressing the ºC/ºF toggle button).  Adjust the coarse and fine knobs to 
display the desired temperature of 100ºC.  Follow the same procedure to 
obtain 800ºC by rotating the function switch between 600 and 850ºC.  
Adjust the coarse and fine knobs as needed to obtain 800ºC. 
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A.6.3  Calibration Procedure 

1. Temporarily turn off the Furnace Vacuum/Gas Flow Control 
chassis. This also turns off power to the furnace heater. 

2. At the rear panel of the electromagnet, disconnect the yellow spring-
coiled retractable cable going to the Temperature Sense Preamplifier 
(Figure 16 identifies this preamplifier).  

3. From the Main menu bar, select Settings and after clicking on 
Temperature Control, verify that the Furnace is selected as the 
Temperature Control Device and that the Temperature Difference is 
set to NO for the calibration procedure. (Set it back to YES upon 
completing the calibration procedure). 

4. Connect the cable from either one of two calibrator OUTPUT  
connections to the Temperature Sense Preamplifier.  Adjust the 
calibrator to 100ºC. 

5. Click on Calibrate at 100ºC (or 373.1 K) in the left-hand panel on the 
Temperature Control window to calibrate the system at 100ºC. 

6. Set the Calibrator to 800ºC.  Click on Calibrate at 800ºC (1073.2 K) 
in the left-hand panel on the Temperature Control window to 
calibrate the system at 800ºC.  This completes the calibration 
procedure.   

7. Turn off the Calibrator and disconnect it from the Temperature 
Sense Preamplifier.   

8. Be sure to return the Temperature Difference Correction to YES.   

9. Re-connect the yellow retractable cable to the Temperature Sense 
Preamplifier. 

Notes: 

 1. The calibration configuration is automatically saved on completion 
of the calibration procedure. 

 2. We recommend that the calibration be repeated once a month. 
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 Appendix B 
Model ST-170 ESR 
Cryostat Accessory 
Installation & Operation 

B.1  Requirements & Equipment  
1. Minimum ceiling height, 9 ft. (3m). 

Note: Only required while inserting the transfer line into the storage 
Dewar. 

2. Cylinder of compressed helium gas (grade A) equipped with a two-
stage gas regulator. 

 Gauge configuration (typical): 

a. Working gauge, 0-15 or 0-30 PSIG (0-77.6 cm Hg or 0155 cm Hg).  

b. Cylinder gauge, 0-4000 PSIG (28,000 kPa). 

3. Laboratory type two-stage mechanical vacuum pump having a 
minimum pumping capacity (free air displacement) of .9 cu. ft./min. 
(25 liters/minute) and ultimate or blank off pressure of 10 mTorr or 
better. Also a vacuum gauge capable of measuring the ultimate 
pressure of the prescribed vacuum pump. 

4. Liquid helium storage Dewar with a 30 to 60 liter capacity. 

Note: During normal operation (with the transfer line installed in the 
storage Dewar) the Dewar is externally pressurized from the helium 
gas cylinder to 9.0-10 PSIG (52 cm Hg). 

5. Please refer to Figure 87 and Figure 88 in determining the transfer 
line to storage Dewar mechanical interface requirements.  
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Figure 87.  Transfer Line to Storage Dewar Interface Requirements 
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B.2  Cryostat Installation Instructions 
(2" & 4" ELECTROMAGNET SYSTEMS) 
 

Exercise extreme care unpacking and handling the cryostat and fused 
silica Dewar. 

The fused silica Dewar is packed in a small box along with the cryostat. 
DO NOT open it at this time. 

Note: The delicate diffuser/sample zone assembly on the cryostat is 
protected in transit by a plastic tube. Remove the hose clamp and 
tube just prior to installation. Do not discard packing materials as 
they will serve as storage containers for the cryostat and transfer 
line when not in use. 

 
Figure 88.  Liquid Helium Transfer Line 
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B.2.1  Installing the Cryostat 

1. Move the VSM Driver head to the full up position, remove the 
sample rod and return it to the box. 

Warning: The Hall-effect Probe is very delicate. It 
should be very carefully removed and placed in a safe 
location while installing the cryostat. 

Note: Be sure to allow approximately 3 ft. (lm) of clearance at the 
"sides" and "back" of the console/electromagnet. When operating 
the system a LHe storage Dewar will be positioned towards the 
back of the console, allowing the transfer line to be connected to 
the cryostat "fill tube" located behind the electromagnet. 

2. Loosen both magnet pole piece locking screws and retract pole 
tips to provide a clear working space. (Turn bell cranks 
clockwise, viewed from each end).  

3. If the Model 3900 Controller chassis is installed in the console; 
turn off the AC input power, unplug all associated cables and 
temporarily remove the chassis while installing the cryostat. 

Caution! Two people should perform the next 
operation. 

4. Working from the back of the electromagnet, use a 7/64 inch “T” 
handle socket head wrench (supplied with the system) and 
loosen two cryostat mounting screws located on the "split collar" 
assembly in the center of the magnet base plate. Do not remove 
the screws, but be sure to allow sufficient clearance to accept the 
neck of the cryostat. 

Note: Installing the cryostat is a delicate procedure and will 
require two people to avoid damaging the device, especially the 
diffuser/sample zone assembly.  

Have one person stand in front of the magnet to assist as the 
cryostat is installed from the back of the console, up from the 
bottom. 
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5. Carefully lift the cryostat 
out of its foam packing 
material. Loosen the 
hose clamp and, very 
carefully remove the 
plastic protective tube. 
Do not discard plastic 
tube and clamp. 

6. Holding the cryostat with 
the diffuser/sample zone 
assembly (neck of the 
cryostat) pointing up, 
and the liquid helium fill 
tube (longer tube) 
pointing to the rear, 
position it under the 
magnet base plate.  
 
Warning!  
The diffuser/sample zone assembly extending out of 
the neck of the cryostat is extremely fragile. DO NOT 
bump or bend this portion of the assembly as the 
cryostat is inserted up through the mounting collar. 

7. Carefully work the cryostat neck into position and direct it up 
through its mounting collar. Vertical alignment is correct when 
the "top edge" of the diffuser/sample zone is about 2 to 3 mm 
below the center of the four coil pickup coil assembly (center line 
of the magnet pole tips). 

8. Have the person in front hold the cryostat in its proper location. 

9. Use a 7/64 inch “T” handle socket head wrench and tighten two 
mounting screws on the "split collar". Be sure to tighten the 
screws evenly. The "split collar" must have equal spacing (or gap) 
on both sides, near the screws. 

10. Install the Cryostat Vacuum Monitor and Gas Flow Control 
Chassis in the top location of the instrumentation console. 

Figure 89.  Cryostat 
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Figure 90.  Cryostat Vacuum Monitor and Gas Flow Control Chassis 

Front Panel  

11. Carefully reform the flexible stainless steel vacuum tubing 
connected to the back of the chassis. Position and connect it to 
the vacuum port on the cryostat, using the QF16 coupling 
supplied. 

 
Figure 91.  Gas Flow Connections 

12. Install the small brass tube packed with the chassis (about 8 cm 
long) on the front panel Vacuum pumpout port. 
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B.2.2  Installing the Fused Silica Dewar 

Please refer to Section B.3.1, Fused Silica Dewar Installation & Removal 
Procedure, for instructions on installing and removing the Fused Silica 
Dewar. Then continue to Section B.2.3, which follows. 

B.2.3  Installing the Draft Heater Assembly 

1. Locate the CRYOSTAT VAC GAUGE and the TNSFR LINE VAC 
GAUGE cables on the back of the Cryostat Vacuum Monitor and Gas 
Flow Control Chassis.  

 
Figure 92.  Cryostat Vacuum Monitor and Gas Flow Control Chassis 

Back Panel  

2. Connect the cable from the CRYOSTAT VAC GAUGE to the cryostat 
"vacuum tube". The other cable will ultimately be connected to the 
transfer line "vacuum tube". (Refer to Figure 91).  

3. Locate the Draft Heater Assembly.  

4. Install it on top of the fused silica Dewar assembly as shown.  

5. Carefully slide it down about 1/2" (12 mm) engaging two "O" rings 
inside the Draft Heater Assembly. On 2" magnet systems locate it 
about 1 - 2mm above the top edge of the pickup coils. The Draft 
Heater Assembly must not touch the pickup coils.  

6. Connect flat ribbon cable from the Draft Heater Assembly to the flat 
ribbon cable connected to the vacuum/gas control power supply 
board. (Note: Connector is keyed with a locking tab). 

7. Connect two rubber hoses from the back panel of the Cryostat 
Vacuum Monitor and Gas Flow Control Chassis to the Draft Heater 
as follows. 
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Figure 93.  Draft Heater Assembly 

B.2.4  Extraction Pump Assembly 

The helium waste gas extraction pump assembly produces mechanical 
noise that may interfere with some measurements on very weak 
samples. We suggest locating it 5 to 6 meters from the electromagnet. 
The pump motor is rated at 115 VAC, 60/50 Hz, 1.9 - 1.4 amps. (For 
overseas installations; the pump motor is rated at 220 - 240 VAC 60/50 
Hz, 1.0 - 1.3 amps.) 

1. Connect tubing (supplied with the system) from the extraction pump 
to the tube labeled To Extraction Pump on the back panel of the 
Cryostat Vacuum Monitor and Gas Flow Control Chassis. 

2. Locate the Dewar Pressurizing Manifold and install it on the LHe 
storage Dewar. (The manifold is supplied with a 0-10PSIG pressure 
gauge, a 9.5 PSIG relief valve and two smaller gas connection ports.) 
Connect a hose from one of the smaller ports to a cylinder of 
pressurized helium gas. The other port will ultimately connect to a 
hose (coming from the back panel of the Cryostat Vacuum Monitor 
and Gas Flow Control Chassis) labeled To Pressurized Gas Supply 
(this will supply Blanket Gas to the Draft Heater Assembly). Locate 
the longer hose at the back panel of the Gas Chassis and connect it 
to the Manifold. 

B.2.5  Cryostat Transfer Line 

1. Connect the longer cable with the black eight-pin socket connector 
to the vacuum tube on the transfer line. The transfer line will 
ultimately be installed in a liquid helium storage Dewar and 
positioned towards the back of the electromagnet. 

2. Verify that the liquid helium storage Dewar intended for use will 
accept the transfer line. Check the "depth" of the storage Dewar and 
the "top entrance port" for a proper mechanical interface. A positive 
gas seal must be made between the transfer line "Dewar adapter" 
and storage Dewar to maintain a stable positive pressure. 

The storage Dewar will be pressurized to approximately 9.5 PSIG 
during cooldown then reduced to approximately 1.5 PSIG during 
operation.  
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B.2.6  Thermocouple 

1. Carefully uncoil thermocouple and diffuser heater wires from the 
cryostat.  

2. Connect the five-pin diffuser/heater plug to the rear panel of the 
Cryostat Vacuum Monitor and Gas Flow Control Chassis labeled 
Cryostat/Furnace Heater. 

3. Remove the cover on the Thermocouple Preamplifier (Tempsens 
board) mounted on the back of the electromagnet. 

4. Connect the thermocouple to the T1 position as shown in Figure 94. 

Note: Gold thermocouple wire is the center conductor so polarity does 
not matter. 

5. Make sure that the thermocouple jumper is in the Au position for 
operation with the cryostat. 

Note: This jumper block permits changing from a Chromel vs. Gold to 
a type K thermocouple. 

 
Figure 94.  Thermocouple Preamplifier (Tempsens Board) 

Note: Current systems use only one thermocouple located about 
8 mm below the sample zone. It functions as both a measuring 
and control sensor. 

B.2.7  Final Steps and Checks 

1. Install the Model 3900 Controller chassis into the console.  

2. At the back of the Cryostat Vacuum Monitor and Gas Flow Control 
Chassis, locate the cable with the seven-pin plug and connect it to 
the Cryostat Heater connector on the back of the Model 3900 
Controller. 

3. Connect the rest of the system interconnecting cables. Mount the 
nickel foil sample (supplied with the system) on the sample holder 
and install it in the system. 

4. Next, click on Temperature control, (under the Settings title bar) to 
open the Temperature control window. 
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5. Click in the value field for Temperature control device and select 
LHe Cryostat. 

6. Close the Temperature control window and the Settings window. 

7. Prior to evacuating and cooling the cryostat. Calibrate the VSM and 
check its operation at ambient temperature with the Nickel foil 
sample supplied. 

8. Upon completion, review the Cryostat Operating Instructions that 
follow before proceeding with a cooldown. 

B.3  Cryostat Operating Instructions 
It is suggested the following operating instructions be read in their 
entirety before attempting an actual cooldown. 

Warnings!  To avoid injury, observe the following warnings: 

* Minimum bend radius of the transfer line is 12". Making 
a sharper bend will probably not degrade performance 
of the unit, but might possibly put a permanent set in 
the inner tubes. Stretching of the transfer line should 
be avoided. 

* Care should be taken in inserting the pickup tube into 
the helium container so that it is not bent. The support 
collar should always be used so that it supports the 
transfer line and pickup tube. 

* When removing and reinstalling the fused silica Dewar, 
it is the customers responsibility to assure proper 
alignment and adequate clearance between the magnet 
pole pieces (with gradient coils) so the Dewar is not 
broken. The following procedure must be observed 
when removing and installing the fused silica Dewar. 

B.3.1  Fused Silica Dewar Installation & Removal Procedure 

Installation 
1. Loosen two magnet pole piece locking screws and retract both pole 

tips to provide a clear working space (Turn bell cranks clockwise, 
viewed from each end). 

Note: If the cryostat has not been installed, refer to the Cryostat 
Installation Instructions. 

2. Locate the fused silica Dewar and carefully unpack it.  

3. Inspect the three "O" rings for contamination (dust, lint, hair, etc.). 
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4. Lubricate "O" rings with a good quality high vacuum grease (Apiezon 
N or equivalent). Apply vacuum grease sparingly and do not clog the 
small evacuation hole in the aluminum sleeve. 

5. Carefully position the fused silica Dewar over the diffuser/sample 
zone assembly and slowly lower it into position.  

6. Grasp the aluminum sleeve with your fingers and gently press down 
until fully seated. The aluminum sleeve may be rotated slightly while 
pressing down, but do not exert any lateral force on the Dewar. 
(Horizontal plane). 

Caution!  After the fused silica Dewar is installed, be 
careful not to crush it with the magnet pole tips and 
gradient coils. When setting the air gap, do not allow the 
gradient coils on the magnet pole tips to contact the fused 
silica Dewar. You may use a business card as a feeler gauge 
when setting the proper air gap between the gradient coils 
and Dewar. As you approach the Dewar with a pole tip, 
slide a business card up and down between the gradient 
coils and Dewar to determine the contact point. Repeat 
this step for the other pole tip. The goal is to set about a 
0.3 mm air gap between the gradient coils and the Dewar 
outer body. 

7. To re-establish the proper magnet air gap, follow the procedure 
noted in the Caution note above. Turn the bell cranks very slowly 
counterclockwise (CCW) using a business card to feel for the initial 
point of contact. Remember that the goal is to set an air gap of 
approximately 0.3 to .04 mm without crushing the Dewar.  

8. Partially tighten (snug down) both magnet pole piece locking screws.  

9. Slowly turn the bell cranks clockwise (viewed from each end) to 
retract the pole tips slightly away from the fused silica Dewar. 
Set approximately a 0.3 mm air gap between gradient coils and the 
silica Dewar. Always set the air gap by retracting the pole tips. 
This technique removes backlash in both lead screws.  

10. Fully tighten both magnet pole piece locking screws after setting the 
air gap on each side of the fused silica Dewar. 

Removal 
1. Lift the VSM driver head to its full up position.  

2. Remove the driver rod and place it in its box. 

Note: The Hall-effect probe is very delicate and should be removed 
and placed in a safe location to avoid being damaged. 
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3. Slowly open the Vacuum valve on the Cryostat Vacuum Monitor and 
Gas Flow Control Chassis front panel to "air up" the cryostat. 

4. Referring to Figure 95, Dewar Removal Procedure, insert two flat 
blade screwdrivers in the small groove between the aluminum sleeve 
and the top neck of the cryostat (stainless steel neck), one from the 
front of the device and one from the rear, as depicted in the figure.  

5. Using a balanced force on both screwdrivers, carefully rotate them 
(twisting motion) to gently lift the aluminum sleeve and fused silica 
Dewar up about 3 - 5 mm. You will feel a decrease in resistance as 
the first "O" ring seal is relieved.  

6. Remove both screwdrivers.  

7. Reach into the air gap and grasp the aluminum sleeve with your 
fingers. Then gently lift it up and out of the cryostat. You may rotate 
the aluminum sleeve to assist removal but do not apply any lateral 
force (horizontal plane) on the silica glass Dewar.  

8. Return the Dewar to its original packing box. 

 
Figure 95.  Dewar Removal Procedure 
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B.3.2  Thermocouple Calibration Procedure  (at Ambient Temperature) 

The cryostat is equipped with one thermocouple (chromel vs. gold 0.07 
atomic % iron) located at the bottom of the sample zone chamber for 
temperature measurement and control. 

Before starting the cooldown process, it is recommended the 
thermocouple be calibrated. First at ambient temperature, then at 4.2k 
after cooldown with the sample zone temporarily flooded in liquid helium. 

1. Carefully lower an external thermocouple into the sample zone 
(inside the small fused silica bucket) to obtain an ambient 
temperature reading in Celsius. 

2. Next, click on Temperature control, (under the Settings title bar) to 
open the Temperature control window. 

3. Click in the value field for Temperature control device and select 
LHe Cryostat. 

4. Next, click on Calibrate at room temperature.  

5. In the popup dialog box, enter the ambient temperature in Celsius or 
degrees Kelvin (273.12K + ambient temperature in Celsius). This 
temperature entry must be consistent with the unit of measure 
displayed in the dialog box.  

6. Click on OK. The calibration will be completed in about 10 seconds. 

7. Upon completion, return to the Main window.  

B.3.3  Evacuation/Cooldown Procedure 

1. Before starting a cooldown, lift the VSM Driver head to its full up 
position and lock it in place.  

2. Connect the mechanical vacuum pump (supplied by the user) to the 
LHe transfer line vacuum jacket and evacuate to approximately 30 - 
40 mTorr.  

3. To monitor the transfer line vacuum, switch the vacuum gauge to 
Transfer Line on the front panel of the control chassis.  

4. With the transfer line evacuated to approximately 40 mTorr, valve off 
the transfer line and disconnect the vacuum pump. 

Note: The initial pump down of the cryostat from atmosphere may 
take four to eight hours to reach about 30 to 40 mTorr. This is highly 
dependent upon the vacuum pump being used and how long the 
cryostat was vented to atmosphere. 
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5. Connect a mechanical vacuum pump to the LHe cryostat pump out 
port on the front panel of the vacuum/gas control chassis and 
evacuate to approximately 30 - 40 mTorr. To monitor the cryostat 
vacuum jacket, switch the vacuum gauge to cryostat. 

Make sure that both vacuum valves are open. One is located on the 
front panel of the Cryostat Vacuum Monitor and Gas Flow Control 
Chassis and one is on the vacuum port on the cryostat. 

The vacuum pump may remain connected to the cryostat vacuum 
jacket, at least during the initial stages of the pre-cool process. But 
once you observe the cryostat starting to cryopump, valve it off at the 
front panel, and disconnect the pump. 

Notes:  
When operating the cryostat below 77K, the vacuum jacket will 
cryopump maintaining a high quality vacuum, providing there are no 
leaks. However on occasion, it may be necessary to actively pump the 
vacuum jacket when operating above 77K to avoid condensation 
forming on the fused silica Dewar. Monitor the vacuum in the cryostat 
during operation above 77K. If you notice a reduction in cryopumping, 
and the vacuum reading exceeds 20 - 30 mTorr, re-connect the 
mechanical vacuum pump and actively pump the vacuum jacket 
during operation. Do not operate the mechanical vacuum pump at 
pressures below 20 - 30 mTorr or pump oil may be drawn into the 
cryostat vacuum chamber. 

Helium diffusion through the fused silica Dewar requires the cryostat 
be evacuated prior to each cooldown. (The fused silica Dewar and 
cryostat share a common vacuum jacket). 

6. Connect a cylinder of compressed helium gas to the storage Dewar 
pressurization manifold connection as shown in  
Figure 91. Set the two-stage gas regulator to maintain about 9.5 
PSIG during cooldown. Do not apply gas pressure at this time. 

Caution!  Be sure the Liquid Helium Throttle Valve (located on 
the transfer line) is open at least five turns prior to inserting it 
into the storage Dewar. This is important to properly flush the 
internal capillary of the transfer line as it is inserted in the 
Dewar. 

7. Slowly and carefully insert the transfer line pickup tube into the 
storage Dewar, allowing gas pressure to very slowly build up prior to 
the transfer line being fully inserted into the liquid helium. This is an 
important step as the objective is to initially flush the transfer line 
capillary with gas to minimize the problem of freeze up. DO NOT 
EXCEED 10 PSIG. 

Note: Take care inserting the transfer line pickup tube into the storage 
Dewar so it is not bent. 
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8. The transfer line pickup tube may contact the bottom of the storage 
Dewar, as its pickup entry holes and filter are located about 1 ½ cm 
up from the bottom. 

9. Insert the transfer line "delivery tip" into the cryostat until it is fully 
seated. 

10. Gently tighten the Swagelock sealing nut on the cryostat. 

11. To establish an "initial cooldown" flow rate, open the LHe throttle 
valve adjustment nut about 5 turns. Observe the throttle valve 
rotation direction as noted on the body of the transfer line at the 
Storage Dewar. Refer to Figure 87. 

Notes: 
The transfer line and cryostat will require about 30 minutes to cool 
down. As the initial head pressure decreases in the LHe storage 
Dewar, adjust and set the helium gas regulator on the cylinder of 
compressed He gas to maintain about 9.5 PSIG throughout the 
cooldown process. 

The cryostat and transfer line vacuum space will cryopump as the 
internal works in the vacuum region begin to cool. This may be 
observed by first monitoring vacuum in the transfer line then in the 
cryostat. 

Readings on the front panel vacuum gauge will approach zero as 
cryopumping increases. Switch from Transfer Line to Cryostat as 
required. When the cryostat exhibits cryopumping, valve off the 
vacuum pump at the front panel of the Cryostat Vacuum Monitor and 
Gas Flow Control Chassis. Turn off the vacuum pump and disconnect 
it if necessary. 

12. The sample zone temperature is also displayed in the righthand 
panel of the Temperature control window menu (Thermometer 
reading). Use this indication to monitor the sample zone temperature 
during the cooldown process.  

Note: Be sure the sample zone command temperature is set to 0.0K 
during cooldown. This will ensure the diffuser heater current remains 
off, allowing liquid helium to accumulate in the sample zone after the 
internal structure of the transfer line and cryostat are sufficiently 
cooled. The Temperature set function is located in the Main window. 

13. Turn on the extraction pump and, as a preliminary step, set the 
front panel flow meters as follows: 

Dewar Blanket: 0 mm. 
Cryostat Counterflow:  Approximately 60 mm. 
Dewar Extraction:  Approximately 30 mm. 

Note: Further adjustment of the above settings may be required as 
the temperature is changed. This will be explained later. 
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14. Observe the sample zone thermometer reading in the righthand 
panel of the Temperature control window. If the temperature stops 
decreasing during cooldown, open the liquid helium throttle valve an 
additional turn. Continue to open the Counterflow valve two or three 
turns at a time until you observe liquid helium in the sample zone.  

To more easily observe the liquid helium, direct the light from a 
small flashlight or penlight through the back of the fused silica 
Dewar. Carefully view the sample zone area at the front of the Dewar 
(near the bucket assembly). When liquid helium is present, you will 
notice a slight turbulent refraction of the light.  

B.3.4  Thermocouple Calibration Procedure at 4.2K 

With liquid helium in the sample zone, you are ready to calibrate the 
thermocouple at 4.2K. 

1. Still operating in the Temperature control window, click on 
Calibrate at 4.2K. This will begin the calibration procedure, which 
will take about 10 to 15 seconds. 

2. Upon completion, reduce the flow of liquid helium by turning the 
LHe throttle valve in the close direction about four turns. Reduce the 
counterflow to about 30 mm. This completes the calibration at 4.2K.  
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B.3.5  Setting a Controlled Operating Temperature 

1. Set the three flow meters as follows: 

Dewar Blanket:  Approximately 45 mm. 
Cryostat Counterflow:  Approximately 30 mm. 
Dewar Extraction:  Approximately 40 mm. 

2. Allow the cryostat to stabilize for about 20-30 minutes. 

3. Do not disconnect the cylinder of compressed helium gas, but set 
the two-stage gas regulator to approximately 9.0 to 9.5 PSIG.  

The storage Dewar head pressure must be maintained constant at 
9.0 to 9.5 PSIG for optimum performance. (A working gas gauge of 0-
15 or 0-30 PSIG is suggested). 

Note: The two-stage helium gas regulator pressure must be set just 
above the lift-off pressure of the 9.5 PSIG relief valve on the 
Pressurizing Manifold for proper pressure regulation. 

4. Enter the Main window.  

5. Click in the value field for Temperature. 

6. Key in 35K and press (ENTER). This will apply some heat to the 
diffuser and set up a controlled operating temperature. It will also 
help defrost the top portion of the draft heater assembly. 

As the system stabilizes, monitor the heater current. It will be 
necessary to gradually reduce the flow of liquid helium to maintain 
approximately 80 to 100 mA of diffuser heater current. Also, adjust 
the Dewar Extraction flow to exhaust as much of the cold helium 
vapor as possible.  

Note: An excessive Dewar Extraction flow setting may pull room air 
down into the sample zone causing frost to build-up inside the fused 
silica Dewar. An insufficient Dewar Extraction flow setting will allow 
cold helium gas to exit the fused silica Dewar, contacting the Z-axis 
probe causing signal drift problems. 

7. When selecting a new operating temperature, be sure to readjust the 
flow of liquid helium maintaining approximately 80 to 100 mA 
diffuser heater current. Slowly and carefully turn the liquid helium 
throttle valve to set the desired flow. Allow about 1 - 2 minutes for 
stabilization between flow adjustments. 
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B.3.6  Front Panel Gas Flow Meters 

Dewar Blanket 
Allows user to monitor and control the amount of helium gas (blanket 
gas) supplied to the top portion of the Draft Heater Assembly. This is 
usually set to 40 to 45 mm depending upon the operating temperature. 
Slightly higher flow is required when operating at lower temperatures 
(below about 35K). Use the minimum "blanket" gas flow to prevent an 
accumulation of frost inside the fused silica Dewar. 

Cryostat Counterflow 
Allows user to monitor the amount of counterflow helium gas 
recirculated back through the internal structure  (or radiation shields) of 
the cryostat. As a rule of thumb, the cryostat counterflow may be valved 
off completely when operating above about 50 Kelvin. It is use only when 
additional cooling is required (for example, when flooding the sample 
zone with liquid helium for calibration at 4.2K or when operating at 
temperatures below about 50 K).  

Caution! Excessive counterflow may pull room air down 
into the sample zone, causing a frost buildup. If this 
happens, reduce the counterflow or turn it off. Set the 
command temperature to about 300 K to temporarily 
warm up the diffuser and sample zone area. Once the 
frost and moisture clear, begin reducing the command 
temperature as required, being more careful when setting 
the counterflow. 

Dewar Extraction 
Allows user to monitor and control the amount of spent cold helium gas 
exhausted or removed from the Draft Heater Assembly. This is usually 
set to 30 mm to 40 mm, depending on the operating temperature. 
Slightly higher waste gas evacuation may be required when operating at 
lower temperatures (below about 35K). Use the minimum extraction flow 
to prevent the accumulation of frost inside the fused silica Dewar. 
Remember, the objective is to create a zero net flow near the top of the 
Draft Heater assembly. Excessive extraction will result in frost 
accumulating inside the Draft Heater and fused silica Dewar. 

Conversely, insufficient extraction will allow cold gas to escape out the top 
of the Draft Heater Assembly causing frost to accumulate on the outside 
surface of the VSM fused silica drive rod. 
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B.3.7  Setting the Operating Temperature 

1. In the Main window, click in the value field for Temperature. 

2. Enter the desired operating temperature.  

3. Adjust the flow of liquid helium to maintain about 80 - 100 mA of 
heater current and allow the system to reach equilibrium (about 1-2 
minutes). 

Note: Current cryostats use only one thermocouple to measure and 
control sample zone temperatures. For these units the difference 
correction capability in the software 
is usually set to zero. 

B.3.8  Installing the Sample  

1. After establishing a desired operating temperature, mount a sample 
on the drive rod and insert it in the collet.  

Caution! Be careful to slowly lower the sample into position. 
Lowering it too fast into a cold sample zone may cause the 
sample to fall off the holder.  If that happens, remove the VSM 
drive rod. Reduce the flow of liquid helium and increase the 
temperature in the sample zone to about 300K.  Locate a small 
plastic or wood probe about 6” in length (15 cm) and 1/8” in 
diameter (3.2 mm). Apply a small amount of silicone grease to 
one end, lower it into the sample zone, and try to pick up the 
sample. 

2. Carefully lower the driver head and sample rod into the cryostat 
sample chamber. Be sure the sample is centered and doesn’t 
contact the inside top edge of the fused silica Dewar as it is being 
lowered through the draft heater assembly. Continue to slowly lower 
the sample until it comes into view again as it passes through the 
draft heater assembly. 

3. Manipulate the X and Y translation stage adjusters as required to 
keep the sample centered inside the fused silica Dewar. Once the 
sample is centered vertically between the (four coil) pickup coil 
assembly, lock the Z translation stage in place.  

4. Toggle on the VSM drive and proceed with your measurements. 

5. Attempting to use the Optimize function is not recommended. 
Visually positioning the sample while in the cryostat is all that is 
required. 
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B.3.9  Summary 

The Dewar Extraction flow and Dewar Blanket flow may have to be 
adjusted slightly when the operating temperature is changed. Both 
settings are of primary importance when operating below 35 to 40K. The 
objective is to produce a zero net flow at the draft heater assembly. 
A balance of warm helium gas supplied to the Draft Heater Assembly 
(via the Dewar Blanket gas control) and adequate extraction of spent, 
cold helium gas (via the Dewar Extraction control) to maintain a frost 
free sample zone inside the fused silica Dewar. The Draft Heater 
Assembly is also equipped with a built-in heater and is temperature 
regulated to approximately 2 to 4 degrees C above ambient.  

If frost is forming inside the Draft Heater Assembly, it is usually caused 
by too high a setting of the Dewar Extraction flow control. To defrost the 
inner works, temporarily elevate the sample zone temperature to about 
250 to 300K. This procedure will require only a few minutes and should 
dissipate the build up of frost. Re-establish your desired operating 
temperature being careful this time setting the Draft flow control. Again 
the objective is to establish a zero net flow at the top of the Draft Heater 
Assembly. 

B.3.10  Cryostat Shutdown - overnight 

1. Turn off the helium gas extraction pump. 

2. Shut off the flow of liquid helium to the cryostat by turning the LHe 
throttle valve in the close direction (about one or two turns). 

3. Turn off the Dewar Blanket flow valve on the front panel of the 
Cryostat Vacuum Monitor and Gas Flow Control Chassis. This stops 
the flow of helium gas from the storage Dewar, allowing its internal 
head pressure to build up overnight to approximately 9.0 to 9.5 PSIG 
(the lift off pressure of the relief valve located on the Pressurizing 
Manifold at the storage Dewar). This is in preparation for the next 
cooldown period.  

4. Turn off the supply of helium gas at the gas regulator on the cylinder 
of compressed helium gas. 
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B.3.11  Cryostat Shutdown - long term 

1. Follow the same procedure as above but slowly and carefully 
reduce the head pressure in the LHe storage Dewar to zero. 

2. Remove the delivery tip of the transfer line from the cryostat.  

3. Next carefully remove the transfer line pickup tube from the LHe 
storage Dewar. If possible, return the transfer line to its shipping 
container for safe storage. 

4. If you plan to remove the cryostat, be sure to allow about 8 to 12 
hours for it to return to ambient temperature before opening the 
vacuum jacket for removal.  (Venting the cryostat to atmosphere 
while still cold will cause condensation to form inside the 
vacuum jacket. 

Caution! When exchanging LHe storage Dewars, it is suggested 
the LHe transfer line be allowed to completely return to room 
temperature prior to being inserted into a fresh full) storage 
Dewar. It is also suggested the transfer line be thoroughly 
flushed out with warm helium gas (at ambient) to help remove 
any possible traces of moisture. 
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 Appendix C 
Software Installation  

Warning! The system may be damaged if you attempt to run the 
VSM software with an AGM system or the AGM software with a 
VSM system. So, if you are installing or re-installing the 
MicroMag™ software, make sure that you have loaded the correct 
software onto your computer before turning the system on.  

C.1  Installation/Re-Installation of MicroMag™ Software for 
Model 3900 VSM 

Before installing the MicroMag software, please read the following: 

1. Recommended Operating Systems: Windows XP and a software 
driver that is included in the package “InstaCal”, which can be 
downloaded at no charge from www.measurementcomputing.com.  
This driver is only required when controlling the system from the 
computer: it is not required when operating off-line.  

2. Older VSM Systems: In older VSM systems (those with stepper 
motor drive provided by an ISA card installed in the computer), head 
rotation cannot be controlled from software. All other functionality is 
available. 

The MicroMag™ software and driver have already been installed on the 
computer supplied with the system. If you did not order the computer 
and will be installing the software on a computer you already have, are 
updating the software, or for any reason need to re-install the software, 
follow the instructions below: 

1. Locate the CD supplied with your system. 

2. Turn on the computer and wait until it finishes booting. 

3. Uninstall any pre-existing version of the MicroMag Windows 
operating software. From the Windows Control Panel, select 
Add/Remove Programs and follow the instructions. 

4. Launch Setup.exe.  Follow the installation program instructions. 

5. If you encounter the error message "An access violation occurred 
while copying the file C:\WINDOWS\SYSTEM\MSVCRT.DLL," 
click "Ignore." Then click "yes" in response to the message box, "Do 
you want to ignore the error?". 

http://www.measurementcomputing.com/
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6. Setup.exe creates the directory C:\Program Files\MicroMag AGM-
VSM, which contains the following files: 

• MicroMag.exe: The operating software executable. It must be 
invoked with a command line argument, either “AGM” or “VSM”. 
The command line argument can be seen on the Shortcut tab 
card of the Properties dialog for the MicroMag AGM or MicroMag 
AGM shortcut.  

Example: "C:\Program Files\MicroMag AGM-VSM\MicroMag.exe" VSM 

• MicroMag4.dll: A direct-link library containing various low-level 
procedures required by MicroMag.exe. 

• Current.cfg: Configuration file in which machine settings are 
stored. Current.cfg is retrieved each time the operating software 
is entered and saved to disk each time the operating software is 
exited. 

• FactoryDefault.cfg and Back.cfg: These are just renamed 
copies of Current.cfg as it existed at some moment in time.  

• MicroMag.chm: Compiled HTML "Help" file. 

7. In addition to installing the program files, Setup.exe creates and 
adds shortcuts for MicroMag AGM and MicroMag VSM to the 
Windows Start Menu, on the Programs submenu.  

8. Configuration files supplied with the new software will almost 
certainly differ from the configuration files you were previously 
using. It will therefore be necessary to enter, or re-determine, various 
parameters specific to your machine. Configuration files are, in 
general, NOT compatible from one software version to the next, so 
you cannot simply replicate the old configuration files. 

9. (This step can be omitted if the computer will be utilized only off-
line, e.g., for viewing and manipulating data files.)  Drivers for the 
24-bit I/O board must be installed (if not already present) in order 
to interface with the MicroMag controller.  From 
www.measurementcomputing.com, download the application 
"Instacal."  Install and launch Instacal to assign the I/O board 
(PCI-DIO24 or CIO-DIO24) as "Board 0." 

10. Thermocouple calibration: If your system includes a cryostat or 
furnace, it will be necessary to re-calibrate the thermocouples 
(Settings|Temperature Control) before relying upon the 
temperature indication.  

If you have any questions about the software installation or 
re-installation, contact software@princetonmeasurements.com. 

http://www.measurementcomputing.com/
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C.2  Downloading the Software from the Internet 
As a convenience to our customers, Princeton Measurements 
Corporation provides the capability to download current system 
software to your site.  The download operation is accomplished in 
three steps as follows: 

STEP 1 - Contact the factory via telephone (609.924.7885) or e-mail 
(software@princetonmeasurements.com) to receive a temporary user 
identification designation and password.  Please have the following 
information available at the time of contact. 

1. Your name 

2. Your company name 

3. Your telephone number and/or E-mail address 

4. System model and serial number 

5. Software version currently in use 

6. Any system upgrades and/or modifications installed since 
original purchase (i.e., temperature control retrofit, AGM/VSM 
retrofit, etc.) 

STEP 2 - Upon verification of the information provided, you will be 
contacted and provided with a temporary user I.D. and password that 
will allow access to software files resident on the Princeton 
Measurements Corporation Web Site. The temporary user I.D. and 
password will be valid for a period of two days from the date of 
contact response by Princeton Measurements Corporation.  After that 
period, the user I.D. and password will no longer be valid and you must 
contact the factory to reinitiate the software download. 

STEP 3 - You open the software resident sub web using the URL  

www.princetonmeasurements.com/sftwrupdt/operating_software 

by responding with the temporary user I.D. and password provided.  A 
date-coded .zip file (e.g., MicroMag_2008_05_15.zip) will be available for 
download. Perform the download and then expand the .zip file. 

Expanding the .Zip file produces the following files:  
• MicroMag AGM-VSM.msi 
• Readme.txt 
• Setup.exe 
• Setup.ini  

Refer to the Readme.txt file for detailed installation instructions. 

http://www.princetonmeasurements.com/sftwrupdt/operating_software
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 Appendix D 
Reference Materials 

The following reference materials are included in this appendix: 

“Units for Magnetic Properties”, NBS Special Publication 696 

“Installation and Maintenance: Model FAV Series”, Chem-Tec 
Equipment Company data sheet 101295 

“Certificate of Analysis: Standard Reference Material® 2853”, 
National Institute of Standards & Technology, SRM 2853, May 20, 
2002. 

Mechanical Drawing: Tip, Sample, Film, Vertical 

Mechanical Drawing: Tip, Sample, Film, Horizontal 

Mechanical Drawing: Tip, Sample, Film, Powder 2 

Mechanical Drawing: Tip, Sample, Upper 

Mechanical Drawing: Tip, Sample, Lower 

Mechanical Drawing: Rod, Sample, Quartz 

Mechanical Drawing: Rod, Sample, Carbon Fiber 

Using Low-Cost Gel Caps when Measuring Powder Samples in the 
VSM 
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Quantity Symbol Gaussian & cgs emu a 
Conversion 
  factor, C b SI & rationalized mks c 

Magnetic flux density,  
    magnetic induction 

B gauss (G)  d  10–4 tesla (T), Wb/m2 

Magnetic flux Φ maxwell (Mx), G.cm 2 10–8 weber (Wb), volt second (V.s) 

Magnetic potential difference, 
    magnetomotive force 

U,F gilbert (Gb) 10/4π ampere (A) 

Magnetic field strength, 
    magnetizing force 

H oersted (Oe),e Gb/cm 103/4π A/m f 

(Volume) magnetization g M emu/cm3 h 103 A/m 

(Volume) magnetization 4πM G 103/4π A/m 

Magnetic polarization, 
    intensity of magnetization 

J, I emu/cm3 4π×10–4 T, Wb/m2 i 

(Mass) magnetization σ , M emu/g 
1 
4π×10–7 

A.m2/kg 
Wb.m/kg 

Magnetic moment m emu, erg/G 10–3 A.m2, joule per tesla (J/T) 

Magnetic dipole moment j emu, erg/G 4π×10–10 Wb. m i 

(Volume) susceptibility X,κ dimensionless, emu/cm3 
4π 
(4π)2×10–7 

dimensionless 

henry per meter (H/m), Wb/ (A.m) 

(Mass) susceptibility Xρ,κρ cm3/g, emu/g 
4π×10–3 

(4π)2×10–10 

m3/kg 

H.m2/kg 

(Molar) susceptibility X m o l , κ m o l  cm3/mol, emu/mol 4π×10–6 

(4π)2×10–13 

m3/mol 
H.m2/mol 

Permeability μ dimensionless 4π×10–7 H/m, Wb/ (A.m) 

Relative permeability j μ r  not defined  dimensionless 

(Volume) energy density,  
    energy product k 

W erg/ cm3 10–1 J/ m3 

Demagnetizing factor D, N dimensionless 1/4 π dimensionless 

a. Gaussian units and cgs emu are the same for magnetic properties. The defining relation is B =H +4πM. 
b. Multiply a number in Gaussian units by C to convert it to SI (e.g., 1 G × 10–4 T/G = 10–4 T).
c. SI (Système International d’Unités) has been adopted by the National Bureau of Standards. Where two conversion factors are 
 given, the upper one is recognized under, or consistent with, SI and is based on the definition B =μ0(H +M), where
 μ0 = 4π×10–7 H/m.  The lower one is not recognized under SI and is based on the definition B =μ0H +J, where the symbol
 I  is often used in place of J. 
d. I gauss = 105 gamma (γ). 
e. Both oersted and gauss are expressed as cm–1/2.g1/2.s–1 in terms of base units.
f. A/m was often expressed as “ampere-turn per meter” when used for magnetic field strength. 
g. Magnetic moment per unit volume. 
h. The designation “emu” is not a unit. 
i. Recognized under SI, even though based on the definition B =μ0H +J.  See footnote c. 
j. μ r  =μ /μ0 = 1+χ, all in SI. μ r  is equal to Gaussian μ .  
k. B .H and μ0M .H have SI units J/m3 ; M .H and B .H/4π have Gaussian units erg/cm3. 

 
R. B. Goldfarb and F. R. Fickett, U.S. Department of Commerce, National Bureau of Standards, Boulder, Colorado 80303, March 1985 
NBS Special Publication 696 For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402 
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Warranty 

Princeton Measurements Corp. (hereinafter referred to as "PMC") 
warrants its products as follows. 

PMC hardware products are warranted against defects in materials and 
workmanship. If PMC receives notice of such defects during the 
warranty period, PMC shall, at its option, either repair or replace 
hardware products which prove to be defective. 

PMC software and firmware products, which are designated by PMC for 
use with a hardware product, when properly installed on that hardware 
product, are warranted not to fail to execute their programming 
instructions due to defects in materials and workmanship. If PMC 
receives notice of such defects during the warranty period, PMC shall 
repair or replace software media and firmware, which do not execute 
their programming instructions due to such defects. PMC does not 
warrant that the operation of the software, firmware or hardware shall 
be uninterrupted or error free. 

If PMC is unable, within a reasonable time, to repair or replace any 
product to a condition as warranted, Buyer shall be entitled to a refund 
of the purchase price upon return of the product to PMC. 

a. DURATION AND COMMENCEMENT OF WARRANTY PERIOD: PMC 
products and systems are warranted for a period of twenty-four (24) 
months. The warranty period begins either on the date of shipment 
or, where the purchase price includes installation by PMC, on the 
date of installation. If Buyer schedules or delays installation more 
than thirty (30) days after delivery, the warranty period begins on the 
thirty-first (31st) day from the date of shipment. 

b. PLACE OF PERFORMANCE: Within PMC service travel areas, 
warranty and installation services for products installed by PMC and 
certain other products designated by PMC will be performed at 
Buyer's facility at no charge. Outside PMC's service travel areas, 
warranty and installation services will be performed at Buyer's 
facility only upon PMC's prior agreement and Buyer shall pay PMC's 
round trip travel expenses and applicable additional expenses for 
such services. 

On-site warranty services are provided only at the initial installation 
point. If products eligible for on-site warranty and installation 
services are moved from the initial installation point, the warranty 
will remain in effect only if Buyer purchases additional inspection or 
installation services at the new site. 
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Any applicable warranty will be honored ONLY in the country of 
original purchase.  

For product warranties requiring return to PMC, products must be 
returned to a service facility designated by PMC. Buyer shall prepay 
shipping charges (and shall pay all duties and taxes) for products 
returned to PMC for warranty service. 

c. LIMITATION OF WARRANTY: The foregoing warranty shall not apply to 
defects resulting from: 

1. Improper or inadequate maintenance by Buyer 

2. Buyer-supplied software or interfacing 

3. Unauthorized modification or misuse 

4. Operation outside of the environmental specifications 

5. Improper site preparation and maintenance 

THE WARRANTY SET FORTH ABOVE IS EXCLUSIVE AND NO OTHER 
WARRANTY, WHETHER WRITTEN OR ORAL, IS EXPRESSED OR 
IMPLIED. PMC SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 
 
The remedies provided herein are Buyer's sole and exclusive remedies. 
In no event shall PMC be liable for direct, indirect, special, incidental or 
consequential damages (including loss of profits) whether based on 
contract, tort, or any other Legal theory. 
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Index 

—A— 
AC Gain, 102 
Ac input power requirements, 11 
Acoustic noise effects, 88 
ADC Offsets, 94 

resetting to zero, 94, 103 
updating, 94, 103 

Air gap on 2" electromagnets, 14 
Alt X (Exit MicroMag), 39 
Alternating field setup, 47 
Aluminum sleeve, 135, 136 
Ambient Operating Temperature, 13 
Apiezon N, 135 
Applications software package, 1 
Applied field, 77 

increment, 53, 62 
maximum, 53, 62 
static field parameter, 42 

Asymmetry 
coercivity, 108 
saturation, 108 

Asymptotic temperature, 100 
Ave. time, 49 
Averages, 54 
Averaging time, 53, 60, 62, 77, 81 

factory default, 40 
faster runs, 40 
practical range considerations, 40 
signal-to-noise ratio, 40 

—B— 
Background noise, 88 
Background subtraction, 109 
Barkhausen effects, 107 

—C— 
Calibrate thermocouples, 99 
Calibration, 109 

procedure, 30 
system, 35 
thermocouple, 140 
thermocouples, 99 

Calibration factor, 43 
Center (electrical), 43 
Characteristic time constant, 72, 97 
Commence demagnetizing at, 46 

Compressed-gas cylinder requirements, 
121 

Computer 
Special considerations if not supplied 

by PMC, 27 
Computer Chassis and Monitor 

Installation of, 17 
Configuration file 

Backup.cfg, 101 
Current.cfg, 101 
FactoryDefault.cfg, 101 
retrieving, 101 
saving, 101 

Control connector, 119 
Cooling water hose, 14 
Cooling Water requirements, 12 
Cryostat, 1 

installation instructions, 127 
installation requirements, 125 
long term shutdown, 145 
overnight shutdown, 144 
removal, 145 
transfer line, 132 
vacuum tube, 131 

Cryostat/Heater connector, 119 
Current emu moment, 44 
Current Preset DAC, 103 
Curves, example, 91 

—D— 
Damage (shipping), 9 
Data 

display parameters, 107 
file import into displayed data, 105 
printout, 106 

Data files 
opening, 105 
printing, 106 
sample, 91 
saving, 105 

DC demagnetization remanence (DCD), 
74 

DC Gain, 102 
DC input cable, 14 
DCD, 74 
Defrosting the inner works, 144 
Delta-M, 109 
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Demag Factor, 109 
Demagnetization, 45, 73 

and quick-switching materials, 46 
when it won't work, 46 

Demagnetization Techniques 
parameters, 46 

Demagnetize before measuring, 54 
Dewar 

external pressure, 125 
pressurization connection, 138 
storage, 125 

Dia/paramagnetic adjustment, 108 
Dia-/paramagnetic correction, 87 
Direct Measurements 

screen, 48 
subfunctions, 48 

Draft, 142 
Draft heater power supply, 137 
Dummy probe, 88 

—E— 
Electrical center, 43 
Electromagnet cooling water line, 14 
Evacuation/Cooldown procedure, 137 
Example Curves, 91 
Exhaust Draft Assembly, 115 
Exhaust Gas flow meter, 119 
Exhaust In grommet, 119 
Exhaust Out grommet, 119 
Exit demagnetizing at, 46 
Extraction pump, 119 

installation of, 132 
mechanical noise, 132 

—F— 
Field control settings 

characteristic time constant, 72, 97 
fraction of total traverse, 72, 96 
slew rate limit, 71, 96 
slew time limit, 71, 96 

Field Control Settings Parameters, 95 
Field decrement, 63 
Field decrement %, 46 
Field incr, 49 
Field increment, 60 
Field increment parameter, 49 
Field maximum, 93 
Files 

opening, 105 
printing, 106 
sample, 91 
saving, 105 

Fill tube, 129 

Final field, 63 
Final orientation, 77 
Final Temperature, 81, 84 
Flashlight, 140 
Flat ribbon cable, 131 
Fourier components, 108 
Fraction of total traverse, 72, 96 
Furnace connector, 119 
Fused silica Dewar, 127, 131 

installation and removal, 134 

—G— 
Gas flow meters 

Dewar (He guard), 142 
difference (shield-guard), 142 
front panel, 142 

gas regulator, 125 
Gas-flow rate adjustment, 122 
Gauge 

cylinder, 125 
vacuum, 125 
working, 125 

Gaussmeter, 1 
Gaussmeter Range, 103 
Grounding, 9 

—H— 
Hall-effect gaussmeter, 1 
Hall-effect probe, 22, 128 

Installation of, 22 
Orientation using white dot, 22 

Hardware version, 93 
Hc, 49 
Head pressure, 141 
Heat Shield, 115 
Heater Plug, 119 
Helium Flow flowmeter, 119 
helium gas, 125 
Helium gas regulator, 141 
Helium In grommet, 119 
Helium Out grommet, 119 
Helium storage Dewar, 125 
Helium throttle valve, 141 
High temperature sensors, 13 
High temperature shutdown protection, 

13 
High-temperature oven, 1 
Ho/Hc, 49 
Hose clamp, 129 
Hysteresis loop 

measurement of, 57 
multiple loop measurement, 62 
segments, 57 
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Hysteresis Loop Measurement 
description of, 57 

—I— 
Include direct magnetization, 74 
Include hysteresis loop, 54 
Include initial moment, 54 
Initial field, 63 
Initial Magnetization 

measurement of, 56 
Initial Magnetization + Hysteresis Loop 

Measurement, 58 
Initial orientation, 77 
Initial Slope (threshold field), 110 
Initial Temperature, 81, 84 
Installation 

Computer chassis and monitor, 17 
Dewar, 134 
Hand tools required, 11 
Magnet Power Supply, 14 
Model 3900 Controller, 17 
oven, 116 
Plotter, 18 
Requirements, 10 
Safety precautions, 9 
Site requirements, 12 
software, 147 

Installation Procedure, 13 
Internet download of the software, 149 
IRM, 73 
Isothermal remanent magnetization 

(IRM), 73 

—L— 
LHe transfer line vacuum jacket, 137 
Limit slew rate to (max), 46 
Line voltage selection, 10 
Liquid helium fill tube, 129 
Liquid helium storage Dewar, 125 
Liquid helium throttle valve assembly, 

139 
Loops, number of, 60 
Low temperature cryostat, 1 

—M— 
Machine Parameters Menu 

introduction to, 92 
Magnet Loop Control, 103 
Magnet power supply, 94 
Magnet Power Supply 

Installation of, 14 
Magnet Span DAC, 103 
Magnet Sweep DAC, 103 

Magnetic moment, 44 
Magnetometer type, 93 
Main Menu 

Introduction to, 37 
Subfunctions, 38 

Maximum field, 93 
first loop, 59 
last loop, 59 

Measurements vs Temperature, 80 
Measurements vs. Orientation, 76 
Measurements vs. Temperature, 80 
Mechanical transducer assembly, 1 
Minor Loops Measurement, 59 
Model 3900 (front view), 17 
Model 3900 (rear view), 17 
Model 3900 Controller 

initialization of, 37 
installation of, 17 

Moment decay as a function of time, 85 
Monitor 

distance from electromagnet, 17 
installation of, 17 

Mr, 49 
Mr/Ms, 49 
Ms, 49 
Multiple Hysteresis loops 

measurement, 62 
Multiple Segments Measurement, 65 
Multiple Segments vs. Temperature, 82 

—N— 
Needle valve, 136 
Nickel foil sample, 133 
Noise Measurement 

electronic, 88 
field, 89 
introduction to, 88 

Normalize by mass 
sample mass, 111 

Normalize by volume 
sample volume, 111 

—O— 
Omega Type "K" thermocouple 

emulator, 122 
Operating Temperature, 13 
Optimize 

introduction to, 43 
Optimize Adjustment Procedure, 45 
Optimize Screen, 43 
Optional Oven Accessory, 114 
Orientation increment, 77 
Oscillator Frequency, 102 
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Oven 
compressed-gas cylinder 

requirements, 121 
gas-flow rate adjustment, 122 
operation of, 120 
sample rod considerations, 114 
temperature slew rate, 116 
Theory, 114 

Oven Accessory, 114 
Oven assembly 

vacuum gauge tube, 118 
Oven installation 

flow-control chassis and connections, 
118 

Hall-effect probe, 116 
heater plug, 119 
lab vacuum pump, 119 
magnet air gap, 118 
oven assembly, 116 
stainless-steel flex tubing, 118 
system temperature calibration, 122 
thermocouple emulator, 122 

—P— 
Packing list, 10 
Packing material, 13 
Parameters and Process Functions, 49 
Pause after orientation increment, 77 
Pause After Temperature Increment, 81, 

84 
Pause at applied field, 46, 63 
Pause at maximum field, 53, 60, 63 
Phase, 102 
Pickup tube, 134 
Plotter installation, 18 
Pole piece locking screws, 128 
Pole saturation, 110 
Pole saturation correction, 108 
Polyurethane tubing, 132 
Power requirements, 11 
Power supply noise, 89 
Power supply requirements, 11 
Preamplifier/Translation Stage, 22 
Preliminary Checks, 27 
Printing, 106 
Probe 

dummy, 88 

—Q— 
Quick disconnect transducer plug, 1 

—R— 
regulator, 125 
Remanence Curve Measurements, 69 
Remanence Menu Parameters, 70 
Repeat saturation (in DCD), 74 
Retrace final-initial, 77 
Rubber hoses, 131 

—S— 
S, 49 
Safety Ground, 9 
Safety Precautions, 9 
Sample handling tools, 31 
Sample rod runout alignment, 24 
Saturation magnetization value, 109 
Selective Amplifier Frequency, 102 
Selective Amplifier Mode, 102 
Sensitivity, 39 

Strongly diamagnetic or parametric 
samples, 39 

Settings parameters, 93 
magnet power supply, 94 
X5 gradient, 94 

Shape factor compensation, 110 
Shipping damage, 9 
Shutdown protection, 13 
Site requirements 

4 inch magnet, 12 
Slew rate limit, 71, 96 
Slew rate limit (maximum), 87 
Slew rate time (maximum), 63 
Slew rate time (minimum), 63 
Slew time limit, 71, 96 
Slew time limit (min), 46 
Slew time limit (minimum), 87 
Slope Corr, 49 
Slope correction, 87, 108 
Software 

installation, 147 
overview, 1 

Software download, 149 
Software version, 93 
Specifications, 3 

Computer System, 4 
Four-Inch Electromagnet, 5 
Magnetic Field Measurement/Control, 

3 
Magnetic Moment Measurement, 3 
Optional High-Temperature Oven, 5 
Optional Variable Temperature 

Cryostat, 4 
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Specifications (cont.) 
Power Supply (1-inch magnet), 6 
Power Supply (4-inch magnet), 6 
Software, 3 
Two-Inch Electromagnet, 5 

Split collar, 129 
Split collar assembly, 128 
Spring loaded needle valve, 136 
Switching Field Distribution, 111 
Symmetry (moment and field), 108 
Symmetry display correction, 108 
System 

calibration, 35 
System Calibration, 27 
System Startup, 37 
System Startup screen, 37 
System Turn On Procedure, 27 

—T— 
Tabular data, 107 
Temperature, 41 

AGM and VSM, 80 
Temperature calibration procedure, 123 
Temperature Command DAC, 103 
Temperature control loop, 100 
Temperature Control parameters 

advanced, 100 
basic, 98 

Temperature controller, 1, 115 
Temperature Increment, 81, 84 
Temperature Loop Control DAC, 103 
Thermocouple, 133 
Thermocouple 1 Mode, 103 
Thermocouple cable, 119 
Thermocouple calibration, 99, 137 
Thermocouple calibration at 4.2K, 140 
Thermocouple emulator, 122 
Thermocouple gain, 100 
Thermocouple preamplifier, 119 
Time Constant, 102 
Time constant of approach, 100 
Time Measurement menu, 85 
Time Measurement Parameters, 86 
Toggle VSM drive, 43 
Transducer and Sample 

handling guidelines, 30 
Transducer assembly, 1 
Transfer line, 134 

spring-loaded needle valve, 136 

Transfer line vacuum, 137 
Tubing 

polyurethane, 132 
Turn On Procedure, 27 
Two inch electromagnet, Transducer  

Assembly and Magnet Power 
Installation of, 13 

—U— 
Units of Measure -  magnetism, 93 
Units of Measure - temperature, 93 
Utilities Menu 

functions, 102 
introduction to, 102 

—V— 
Vacuum gauge, 115 

cryostat, 138, 139 
shield, 137, 139 

Vacuum grease, 135 
Vacuum In, 118 
Vacuum jacket, 115 
Vacuum Out, 119 
Vacuum pump, 125 

lab type, 119 
Vacuum shutoff valve, 115 
Vacuum tube, 131 
Vibration isolation, 1 

—W— 
Water flow switch, 14 
Waterflow interlock switch, 13 

—X— 
X, Y, Z Adjustment Description, 44 
X, Y, Z translation stages, 1 
X5 gradient, 94 

—Y— 
Y adjustment, 44 

—Z— 
Z adjustment, 45 
Z axis orientation, 40 
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