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CALIBRATION

Valid Te: September 30, 2003 Cerificate Number: 201 1.01

In recognition of the sucesssful completion of the AZLA evaluation process, accreditation is granted to this
laboratory to perform the following calibrations’:

I Electrical - DC/Low Frequency”

Parametce Equipment Range Best Uncertainty™* (2) Comments
DC Voltage - Generate | {0 1o 220) mV 15 ppm + 0.5 pV Fluke 5440B
(022 102.2)V 14 parts in 107
{01}V 10 ppm + 5 pV
(w2 V 11 parts in 10°
(22t 275) V 13 parts in 10°
(275 to 1000) V' 12 parts in 10°
Fixed Paints 1018 ¥ (.2 parts in 10 Wavetek 4910
100V 0.8 parts in 10°
Ratio: 10:1 0.4 parts in 10" Fluke 7T52A
Ratio: 1001 1.0 parts in 10°
DC Voltage - Measure 100 my 14 ppm + 3 p’gm (range) | HP 3458A, Option 2
1V 10 parts in 107 :
10V 8.2 parts in 10° *add 12 ppm (V./1000)
100V 12 parts in 10° for Vo= 100V
TVIAY 12 parts in 10°*
Fixed Points 1018 2.5 parts in 10° Fluke 7328
v .85 parts in 10°
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Parameter/Equipment Range Best Uncertainty” (£) Comments

DC Current — Generate | (0 to 3.3) mA 0,016 % + 0.03 pA Fluke 35004

(331033 mA 0.015 %

(33 to 330) mA 0.016 %

{033 10 LO) A 0.04 %

(10wlil) A 0.074 %

(11 1o 100) A 0.07 % Valhalla 2555
DC Current — Measure | 100 A 6 parts in 10° HP 34384

I mA 46 parts in 10°

10 mA 46 parts in 10°

100 mA 59 parts in 10°

1A 1641 parts in 107

(110 15) A 0,083 % wi' L&N 4360

{110 100) A 0.084 % wi L&N 4363
DC Resistance - 0.001 £ 3.3 parts in 10° L&N 4223-B
Generate (Fixed Poims) | 0001 £2 3.4 parts in 10° L&N 4222

010 3.4 parts in 10° L&N 4221

10 0,22 parts in 10° Thomas 4210

Tk} 0.38 parts in 10° L&N Rosa Tvpe

10002 0.75 parts in 10%

1k 0.3 parts in 10°

10k .36 partsin 10°

100 k2 0.38 parts in 107

1 M2 0.9 parts in 10°

10 M0 2.4 parts in 10° Guildline 9330-10
DC Resistance 001 2 & parts in 10" Guildline 9975
Measure (Fived Points) | 0.1 02 3 parts in 10°

162 2 parts in 10°

(10, 1007 £ 3 parts in 10°

(1, 10) k2 3 parts in 10

100 kL2 6 parts in 10°

1 M2 20 parts in 10°

10 M0 150 parts in 10°
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I kHz Input

Parameter/Equipment Range Best Unma.int}‘: {Z) Comments
DC Resistance — 10 3 ppm+ 5 ppm {range) | HP 3458A, Option 2
Measure {1,159 26 parts m 10}

1 kG 1% parts in 10°
10 ke 1% parts in 107
100 k2 20 partsin 10°
1 MO 36 parts in 10°
10 MO 90 parts in 10°
100 MO 630 parts in 10°
Inductance — Generate
Fixed Points 100 pH (.78 % GenRad 14828
(i 1 kHz) 1 mH 027 % GenRad 1482E
10 mH 022 % GenRad 1452H
100 mH 021 %a GenRad 14841
IH 0.21% GenRad [482P
2H 0.22 % GenRad 14820
Inductance - Measure [0mHto 10H 0.058 % GenRad 1689M
(@ 1 kHz)
Capacitance — Generate
(@ 1 kHz) I pF to 1pF 0.1 %+ 0.5 pF GenRad 1413
Fixed Values 1 pF 5.6 parts in 107 GenRad 1403-K
(e 1 kHz) 10 pF .1 parts in 10° GenRad 1403-C
100 pF 5.1 parts in 10° GenRad 1403-B
1000 pF 5.1 parts in 10° GenRad 1403-A
(L0, 100y uF 3 % GenRad 1417
I mF 3 %
10 mF 0.37 %
Capacitance ~ Measure | 10 pF to 100 uF 0,58 % GenRad 16890
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Parameter/Range Frequency Best Uncertainty” () Comments
AC Voltage® - Generate Fluke 55004 w/ SCH00
(1 to 33) mV (10t 45) Hz 0.55 %
45 Hz to 10 kHz 0.35 %
{10 to 20) kHz 0.4 %%
{20 to 50) kHz 0,45 %
{3010 100) kHz 0.68 %
(100 10 300) kHz 1.6:%
(33 to 330) mV (100 45) Hz 0.3 %
45 Hz to 10 kHz 0.07 %
{10 to 20) kHz 0.12 %
{200 50) kHz 0.2%
(30 to 100) kHz 041 %
(100 10 300) kHz 1.3 %
(0331033} V (1010 45) Hz 0.14 %%
45 Hz to 100kHz 0.036 %
(10 1o 20) kHz 0.086 %
(20 to 50) kHz 0.17 %
(30 to 100) kHz 0.4] %
(100 1o 300) kHz 0.83 %
(333 V (1010 45) Hz 018 %
43 Hz to 10 kHz 0.046 %%
(10 o 20) kHz 0.11 %
(20 to 50) kHz 0.24 %
(50 to 100} kHz 041 %
(33w 330V 43 Hz to 1 kHz 0.057 %
(1 to 10) kHz 0.08 %
(10 10 20) kHz 0,098 %
{330 to 1000) V 45 Hz to 1 kHz 0.058 %
{1 to 10) kHz 0.2 %
(100 20y kHz 0.2 %
AC Voltage' — Measure HP 3438A. Option 2
10 mV {1 to 40) Hz 0.087 %
40 Heto 1 kHz 0.064 %%
{1 to 20) kHz 0,066 %
(20 to 500 kHz 0,14 %
(30 to 100) kHz 0.6:%
{100 to 300) kHz 47%
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Parameter/Range Frequency Best Uncertainty” (£) Comments
AC Voltage' — Measure HP 3458A, Option 2
{comt)

100 my {1 to 407 Hz 0.013 %o

40 Hz to 1 kHz 0.017 %%
(1 1o 20) kHz 0.024 9%
(20 to 50y kHz 0.04 %
{30 1o 1007 kHz 0.11%
(100 1o 300) kHz 0,38 %
(0.3 10 1) MHz 1.2%
{1 to 2) MH= 1.8 %
1V {1 o 40) Hz 0.014 %%
40 Hz to | kHz 0.012 %
{1 to 20) kHz 0019 %
{20 10 50) kHz 0.038 %
(30 to 100) kHz 0,095 %
{100 1o 300) kHz 0.36 %
{0.3 10 1) MHz 12%
{1102) MHz 1.8%
10V (1 1o 40) Hz 0.014 %
40 Hzto | kHz 0013 %a
{1 10 20) kH= 0,019 %
{20 to 50) kHz 0.038 %
(30 to 100) kHz 0,096 %%
(100 to 300) kH= 0,36 %
{0.3 10 1) MHz 1.2%
{1 te 2) MHz 1.8 %
100V {1 1o 40) Hz 0.029 %
40 Hz 1o 1 kHz 0.026 %
(1 to 20) kHz 0.026 %
(2010 50) kHz 0,044 %%
(50 1o 100) kHz 0.14 %
(100 to 3040y kHz 0.48 %
(0.3 1o 1) MHz 8%
1000V (1 to 40) He 051 %
40 Hz 10 1 kHx 0.049 %
{1 1o 20) kHz 0.072 %
(20 to 50) kHz 0.14 %
(50 1o 100) kHz 0.35%

{AZLA Cert. MNo. 2001 1.01) 10V8/2003
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Parameter/Range Frequency Best Uncenainty” () Comments
AC Current® — Generate Fluke $500A wi SCG00
(0.03 1o 0.33) mA {10 to 200 Hz 0.4 %
{20 to 45) Hz 0.38 %
45 Hz o | kHz 0,38 %
(1 to5) kHz 0.55 %
{5 10 10) kHz 1.4 %
(03310 3.3y mA (10 to 20) Hz 0.23 %
{20 1o 45) Hz 0.13%
45 Hz o | kHz 013 %
(1 to 5) kHz 0.23 %
{5 to 109 kHz 0,639
(3.3 10 33) mA (1010 20) Hz .23 %
(20 10 45) Hz 0.13 %
45 Hzto | kHz 0.12%
{1 1o 5) kHz 0.23%
(5 1o 100 kHz 63 %
{33 1o 330) mA {1010 20) Hz 0.23 9%
(2010 45) Hz 0.13%
45 Hzto 1 kHz 0,12 %
il 1o 5) kHz 0.23 %
(5 to 10) kHz 0.63 %
033w2HA (10 1o 43) Hz (.23 %
45Hzto 1| kHz 0:13 %
{1 to 5) kHz 0.78 %
(2210 11VA {43 10 65) Hz 0.08 %
{65 to 500) Hz 0.12%
(0.5 10 1) kHz 0.35 % Valhaila 2555
{11 to 10O} A {0410 1) kHz 1.1 %
AC Current — Measure HP 34584 wi Opt 002
100 p (1010 20) Hz 043 %
(20 to 453) Hz 0.21.%
{45 10 100) Hz 0.11 %
(0.1 10 1) kHz 0.11 %
{AZLA Cert. Mo. 2001.01) 182003 MW Page 6 of 14




Paramecter/Range Frequency Best Uncertamty” () Comments
AC Current — Measure
1 mA (10 to 20) Hz 0,49 % HP 3458A wi Opt 002
{20 to43) Hz 0.2 %
(45 to 100) Hz 0,004 2%
(0.1 10 5y kHz 0.06 %
(3 10 20) kHz 0,94 %
(20 to 500 kHz 0.51 %
(30 1o 100) kHz 0,81 %
10 mA {10 1o 20y Hz 0,49 %
(20 o 43) He 0.2 %
(45 1o 100) Hz 0,0/ %5
(0.1 o 5) kHz .04 %
{5 to 20) kHz 0,096 %
(20 to 50) kHz 0.51 %
(50 ta 100) kHz 0.81 %
100 mA (1010 200 Hz 0.49 %
(20 to 45) Hz 0.2 %
{45 to 100y Hz 0.12 %
(0.1 to 5y kHz 0.14 %
(3 o 200 kHz 0,094 %%
(20 1o 500 kHz 0.51 %
1 A (10 to 200 Hz 049 %
(20 to 45) Hz 0.2 %
(45 to 100) Hz 0.12%
(0.1 to 5) kHz 0,14 %%
(5 10 20) kHz 037 %
{20 1o 30) kHz 1.3 %
IDmAto2 A (0.1 1o 20) kHz 0,024 %% Fluke A4D shunts
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1. Electrical - RF & Microwave

Parameter/Range Frequency Best Uncertainty” () Comments
RF Power Diode Sensors — HP 436A with:
1 W to 100 mW (0.01 to 18) GHz 4.7 % HP 8481 A
30 MHz to 26,5 GHz 5.3 % HP 84854
(33 10 50) GHz 53 HP Q34864
0.3 pW to 100 mW DC w042 GHz 5.1 % HP 3482A
100 pW 1o 100 pW (0,05 to 16) GHz 58% HP 84350
0.3 nW to 10 pW {001 1o 18) GHz 5.5 % HP 284844
RF Power Thermustor - 10 MHz to 10 GHz 25% HP 432A w/ 4T8A
Generate (i@ 0 dBm)
Tuned RF Power Level - HP 8024 w/ 117224
Measure
Reference: 0 dB 25 MHz1to 1.3 GHz 0dB
(0.0 1o -10) dB 0.02 dB
(=10 to -20) dB 0.04 dB
(=20 to -30) dB 0.06 dB
(=30 to -40) dB 0.08 dB
(=40 1o -50) dB 0.14 dB
(=30 to -&0) dB (.16 dB
(=60 to -T0) dB 0.1% dB
(-70 to -80) dB 0.2dB
(=80 to -90) dB 0.26 dB
{-90 to -100) dB (.28 dB
(=100 to -110) dB 0.3 dB
(=110 w0 -127)dB 0.4 dB
RF Fixed Coaxial HP 89418
Attenuation — Measure
3dB DC to 12.4 GHz (.35 %
{124 to 18) GHz 046 %
A dB DC e 12 4 GHz (.35 %
(12 4 to 18) GHz 0.46 %
20 dB DC to 12.4 GHz (.69 %
(12.4 to 18) GHz 12

(AZLA Cert, No, 201 1.01) LOVE/2003
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Parameter/Range Frequency Best Uncentainty” (£) Comments

Network Analysis — From Cal Kit Report
Measure
Reflection 5,82 45 MHz to 26,5 GHz | (0.00136 to 0.00843) lin | HP 85108, 83408, 8513A
p = 0.6 lin
Transmission 5,2/ HP 85053A

20 dB Attenuator | 45 MHz to 26,3 GHz | (0.038 to 0.054) dB
40 dB Attenpator | 45 MHz to 26,5 GHz | (0.053 t0 0.331) dB

I, Time & Frequency

Parameter/Range Frequency Best Uncertainty® (£) Comments

Frequency — Generate 10 MHz 0.5 parts in 107 (24 hrs)| HP 8564E
10 MHz to 26,5 GHz | 1 partin 10° (24 hrs) | HP 53408

10 MHz to 20 GHz 10 MHz Wiltron G669M
(20 1o 40y GHz 20 MHz
Fixed Points 1,5, 10 MHz I part in 10" HP 5061A
Freguency - Measure 10Hz 10 26.5GHz | I partin 10° EIP 5484, Option 5

Best uncertaimty 15 based
upon |-vear manufacturer’s
specifications

(AZLA Cert. No. 2011.01) 10/8/2003 M‘fz‘é‘w Page 9 of 14



IV. Thermodynamic

Measure

Parameter/Equipment Range Best Uncertainty™ ° () Comments
Temperature” —
Generate
Dry Blocks -30°Cto-93 °C 1-°C Ametek DB 40L
0°C to 600 °C 172G Jofra 601
Baths 30°Cto 125 °C 08°C Hart 7103
-10°C1to 110°C gl Hart 5023
Temperature® — Measure Hart 5901C. 1590 and
Tinsley 268101 SPRT
Triple Point of
Water 0.01°C @25°C 0.003 K
Infrared Black Body — 33 °Cto250°C 2:°¢: Hart 9131
Generate 250 °C to 400 °C 256,
100 °C to 982 °C 25 % of reading Vanzetti 1560
Dew Point — Measure 0°Cto50°C 0.1 % M35.IMP psychrometer
Relative Humidity —
Generate (Fixed Points)
(@25°C)
Probe Kit 113 % 2% LiCl salt solution
3B1% 2% MgCl salt solution
54.4 % 2% MgNO; salt solution
755 % 2% NaCl salt solution
Salt Chamber 113 % 4% LiCl salt solution
33.1% 4% Mg(Cl salt solution
5449% 4% MgNO: salt solution
75.5 % 4% NaCl salt solution
Relative Humidity — 10 % to 90 % 0.5 % M5.1MP psychrometer

(A2LA Cert. No. 2011.01) 10/8/2003
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V. Dimensional’

Parameter/Equipment Range Best Uncertainty™” () Comments
Gage Blocks (0.05 to 0.9) in (2.0 + 4L) pin Mechanical comparison
wi/ Federal 130B-24
(lto4)in (0.7 + 5L) pin
(0.5 to 5) mm 0.07 um
(3 to 20) mm 0.12 pm
(20 to 25) mm 0.14 pm
(25 to 50) mm 0.26 pm
(50 to 75) mm 0.37 um
(75 to 100) mm 0.48 pm
Calipers’ (0 to 40) in 0.6R Comparison to reference
gage blocks
Qutside Micrometers® (0 to 40) in 0.6R Comparison to reference
gage blocks
Height Gages® (0.4 0 40) in 0.0013 pin Comparison to reference
gage blocks and Mitutovol
516-402, 515-359
Height Masters (1to12) in 60 pin Comparison to reference
(12 to 24) in 120 pin gage blocks and Mitutovo
516-402, 515-359
Mu-Checker / Electronic | + 0.00015 in 6.2 pin Comparison to reference
Height Gage +0.0005 in 12 pin gage blocks
+0.0015 in 58 pin
£ 0.005 in 120 pin
=0.015 i 580 uin
+ (.05 in 1200 pin
Plain Ring Gages — Pratt & Whitney internal
supermic model U36334
Up to Class X (0.06t0 1) in 10 pin e
(lto4) (10 +4L) pin
(4to7) (3 +4L) pin
(710 12) (10 + 4L) pin

(A2LA Cert. No. 2011.01) 10/8/2003
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Parameter/Equipment Range Best Uncertainty™” (+) Comments
Dial & Dilgimalic Pratt & Whitney UMM
Indicators™ — model B
Resolution:
10 pin (0to2)in 0.6R
50 pin 0.6R
100 pin 0.6R
Indicator Calibrator — Mechanical comparison
to master gage blocks
Resolution:
10 pin (Oto 1) in 10 pin
50 pin 30 pin
100 pin 60 nin
1000 pin 0.6R
VI. Mechanical
Parameter/Equipment Range Best Uncertainty” (+) Comments
Scales & Balances’ 1 mg to 200 mg 0.2 mg Class 1 weights
20z 10 200 Ib 0.26 Ib Class F weights
Low Pressure Up to 2 inH,0 0.003 inH.O Dwyer Microtector 1430
Pressure — Measure
Pneumatic Pistons (0.5 to 3) psig 0.14 % Volumetric 7-201
(1.5 to 100) psig 0.14 %
(15 to 1000) psig 0.14 %
Hydraulic Pistons (6 to 15 140) psig 0.14 % Ruska 2400HL
Torque Transducers 0.5 in-0z to 200 in-Ib 1 % CDI 2000-400-0
(37.5 to 2000) ft-1b 1% CDI 2000-1-0
(A2LA Cert. No. 2011.01) 10/8/2003 MWW Page 12 of 14




Parameter/Equipment Range Best Unoertainty: () Comments
Torque Wrenches and 0.5 in-oz to 200 inlb 24 % CDI 2000-400-0
Screwdrivers

(37.5 to 2000) fi-Ib 24% CDI 2000-1-0
Pipettes —
Spectrophotometric | (0.1 to 5000) uL 1 % Artel PCS 3: best
uncertainty is based upon
‘| manufacturer’s
specifications
Gravimetric 100 pL 0.2 uL Mettler HK 60
(500, 1000) uL 1 uL
(2000, 3000, 4000) uL | 2 uL
5000 pL 3ul

! This laboratory offers commercial calibration service.

* “Best Uncertainty” is the smallest uncertainty of measurement that a laboratory can achieve within its scope
of accreditation when performing more or less routine calibrations of nearly ideal measurement standards of
nearly ideal measuring equipment. Best uncertaintics represent expanded uncertainties expressed at
approximately the 95 % level of confidence. usually using a coverage factor of & = 2. The best uncertainty
of a specific calibration performed by the laboratory may be greater than the best uncertainty due to the
behavior of the customer’s device. to the environment (if the calibration is performed in the field) and to
influences from the circumstances of the specific calibration.

* On-site calibration service is available for this calibration. The uncertainties achievable on a customer's site
can normally be expected to be larger than the Best Measurement Capabilities (BMC) that the accredited
laboratory has been assigned as Best Uncertainty on the A2LA Scope. Allowance must be made for aspects
such as the environment at the place of calibration and for other possible adverse effects such as those
caused by transportation of the calibration equipment. The usual allowance for the uncertainty introduced
by the item being calibrated, (e.g. resolution) must also be considered and this. on its own, could result in the
calibration uncertainty being larger than the BMC.”

* The measurands stated are generated with the Fluke 5000A series instruments. This capability is suitable
for the calibration of the devices intended to measure the stated measurand in the ranges indicated. Best
measurement uncertainties are expressed as either a specific value that covers the full range or as a
combination of the percent or portion of the reading plus a fixed floor specification. Where “ppm’™ appears
in the best measurement uncertainty. it is equivalent to that part in one million.

(A2LA Cert. No. 2011.01) 10/8/2003 MW Page 13 of 14



* The measurands stated are measured with the HP 3458A. This capability is suitable for the calibration of
the devices intended to gencrate the measurand in the ranges indicated. Best measurement uncertaintics are
based upon a 90-day calibration cvcle and expressed as cither a specific value that covers the full range or
as a combmation of the percent or portion of the reading plus a fixed floor specification. ‘Where “ppm™
appears in the best measurement uncertainty, it is equivalent to that part in one million.

* Best uncertainty is based upon manufacturer’s specifications

" In the statement of best uncertainty, L is the numerical value of the nominal length of the deviee measured in
inches. B is the numerical value of the resclution of the device in micro inches.
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