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INSTRUMENT SERVICES 

C . R . C . 

TERMS OF REFERENCE 

Instrument Services is a group of five sections providing 

Consulting, logistic and direct technical support to D.O.C., and 

to a lesser extent other departments and industrial contractors, in the field 

of scientific equipffient, components and devices. An official policy on 

the range of services to be provided has never been made and there is 

no class of equipment which can he unequivocally excluded from the work 

load. For example, Instrument Services certainly has no responsibility. 

for the up-keep of CRC computers, but regularly handles analog to digital 

converters and other instruments which are small computers with specific 

input/output conditioning. Accordingly, the provision of support is 

predicated on a mixture of competence, expediency, and efficiency. 

Instrument Services specializes in high calibre non-repetitive work, and 

avoids entering into areas for which competent agencies exist, and in 

• fact, contracts out routine work when possible. 

A natural outcome of this policy, is that the various sections 

within Instruments Services will have different ranges of activity, but 

it is hoped th .at the use of this manual will provide our clientele with an 

understanding of the quality and varieties  of services  provided. 

e 
G. E. K. Lockwood, 

D/RS. 

NOTE: This brochure was prepared under the direction of Mr. G.E.K. 
Lockwood, but effective November 1, 1976, Instruments Services 
became the reSponsibility of Administrative and Technical 
Services. 

Chief, Administrative & Technic .al  Services 

1.4:‘,9),01.___ 
er.;77f. Bouchard, 
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FOREWORD 

This document, which is intended to be both an information 

brochure and a guide to the effective use of Instrument Services, has 

been produced in order to promote awareness of the range of services 

available. . 

Because of  .a positive response to the complex and changing 

deffiands of the research scientists and engineers who generate the bulk 

of the work load, Instrument Services have developed an unusual capability 

which the adjective "Instruments" fails to encompass. 

However, since even this document does not specify all present 

and latent capabilities, we can only encourage our clients to use it 

as a guide in assessing the relevance of our facilities to project 

requirements. 

A comprehensive index is provided for the reader who prefers 

to proceed directly to specific points of interest. 

)/( 11. W. Rurns, 

Supervisor, Instrument Services. 
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ORnANIZATION OF SERVICES  

This section  outlines the most appropriate approach to use when 

investigating the availability of service. 
For the newer customer,  the point of contact will depend upon 

• the accuracy with which he can specify his requirement. 
Figure 1 is a functional chart whiCh identifies the 

general service areas and responsible staff members. 

	

1 	 .DIRECT TECHNICAL 

	

Fig. 1 	 SUPPORT 

. The five functions repOrting to the Manager can be roughly 
divided into two groups, according to the general class of support. 

One box in each group is identified by a heavier line thickness. The 
purpose of this is to allow a logical choice of contact. The three 
possible situations are:- 

	

(a) The customer can identify the 	• The contact point is the 

	

particular section which can 	appropriate section head. 
help hin. 

(b) The customer can resolVe his 	• The contact point is one of the 
requirements as involvinr either 	identified boxes. 
direct technical or consulting 	 . 
support. 	 . 

	

(c) The customer is unsure of the 	• The contact point is the 

	

relevance of our operation to 	Manager. 
his needs, or has some enquiry 
involving policy. 

Please note that the physical issue and receipt of equipment 

is always carried out at the Instrument Stock Counter. - 

CONSULTING & LOGISTIC 
SUPPORT 
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CONSULTING AND LOGISTIC SUPPORT SECTIONS  

DESCRIPTION OF SERVICES AVAILABLE  

COMPONENT INFORMATION  

M. PSUTKA, LOC. 334, BLDG 2, ROOM 45  

Mr. Psutka specializes in the Components field and spends 

a great deal of his time in Market Research, Device Evaluation, attend-

ing demonstrations and related activities. 

This background work maintains the expertise on which he 

draws, in supplying the consulting services discussed below. 

The services fmmediately apparent to the user cover all 

passive and active devices (including "modular" equipments and 

small antennae) and related hardware and include: 

Advice on: 	Selection - Application - Availability - 

Price. (This includes Standard Stock Items 

held by CRC Stores.) 

Provision of: 	Sample Devices - Technical Literature 

Liaison with Technical Representatives & 

Suppliers and convening demonstrations. 

Mr. Psutka also serves as Technical Consultant on the CRC 

Standard Parts Catalog & Quality Control of incoming additions 

to CRC Standard Parts. However, Mr. Psutka has no responsibility for 

the procurement process, and scientists are asked to direct queries on 
stocking problems to the CRC Supply Officer. 
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CONSULTING AND LOGISTIC SUPPOR.T SECTIONS  

DESCRIPTION OF SERVICES AVAILABLE  

INSTRUMENT INFORMATION  

S.. MILLS, LOC. 334, BLDG 2, Rrom 45  

This Section provides a service complementary to that of the 

'Components Section, in the area of complete instruments.. There is a 

small overlap between the sections. 

This section is responsible for a variety of information and 

liaison duties related to the equipment field. 

There is no particular restriction to the range of enquiries accepted, 

and Mr. Mills responds to enquiries ranging from perspiration detectors 

through optical encoders to facimile links. 
In addition to normal Market Research, Mr. Mills maintains close 

contact with the various projects at CRC, and is a catalyst in bringing 

together engineering and scientific staff with mutual or complementary 

interests. 

We encourage anybody involved with equipment and. small systems to 

make use of this section, as we have in the past successfully arrimged 

transfers or loans which saved individual projects sums ranging up to 

$20,000. 
This section offers th& following services: 

• Advice on equipment selection and application, 

(a) during the purchasing process, or, 

(b) on a more casual basis in the optimum selection from 

Inventory 4 Instrument Pool. 
• Liaison in inter-section, or inter-departmental loans. 

• Liaison in co-operative purchases: 

This is a developing area of activity. Money shortages, 

coupled -with increased prices have brought about situations 

in which necessary equipment costs .exceed the resources 

of individual projects. Within our own constraints, 

Instrument Services is interested in assisting in such 

cases. 

• Arranges equipment displays',.small seminarS and directs 

representatives to appropriate scientists. 

• Provides formal Compàrisons of commercial equipment 

speCifications. This is a valuable.tool in analyzing 

the sometimes carefully worded performance claims which • 

exist in the industry. 

• Performs qualitative evaluations of equipments. This is . 

not as •exhaustive as the type apProval testing discussed 

later,..but is a productive method  of  comparison at low cost. 

• Correlates and provides -commercial technical data. 



4 

• Provides Audio-Visual support to seminars held at CRC, and 
to a limited extent at off-site locations. 

• Provides (a) a parameter based catalog of all CRC instrumentation 

to expedite equipment loans, selection and optimise 

the use of CRC assets. 

(b) A complementary Asset Control listing, which serves 

as a means of locating specific equipment and 

also as an overall record of CRC Inventories. 

This latter feature has been adopted as the model from which 

D.O.C. will develop an Asset Control system for all D.O.C. stations. 

Mr. Mills is currently acting as an advisor to the D.O.C. 
Steering Committee on Asset Control, and should an agreement be 

reached on resource allocations, will be involved in the training of.  

Materiel Management staff. 

SPECIAL PROJECTS  

Instrilment Services offers an unusual blend of . 
technical and organizational skills, which result in periodic 

involvement in "one-of-a-kind" activities for which no 

facility exists. 

They range from small technical design and development 

projects to the complete overhaul and relicensing of the CRC VHF 
communications network. 

Mr. Mills is ready to discuss proposals for any technically 

oriented projects at any time. 

• 

• 



CONSU. LTING AND 'LOGISTIC SUPPORT_ SECTIONS,  

DESCRIPTION OF SERVICES AVAILABLE  

INSTRUMENT STOCK  

D. PAGE, LOC. 254, ROOM 44, BLDG 2  

Mr. Page is responsible for control of the Central Pool of 

equipment (Inventory 4). 

His services include: ,  

• Loan of equipment, issue of accessories equipment supplies 

such as chart paper, and also receipt and re-issue of 

- equipment for repair and calibration. 

• Shipping anireceipt of 'equipment sent off-site for repair, 

and maintains  records  relating to repair histories and costs. 

• Liason work with off-site agencies on behalf of equipment users 

and also arranges many inter-section loans. 

5 
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DIRECT TECHNICAL SUPPORT SECTIONS  

OPERATIONAL POLICY  

Because many of the factors affecting the support supplied 

by these three sections are similar, the following introductory 

outline of policy is presented. 

—• 
ACCEPTABLE WORK INPUT 	 • 

There is no arbitrary exclusion of any class of equipment. 

'Equipment, electronic or otherwise, will be considered acceptable 

work input if it meets the following criteria:- 

(a) .  It has a definite function which can be measured or 

otherwise assessed, and can be placed into operation expeditiously 

without the need for excessive simulation of, or searching for, 

ancillary equipment. 
(b) It is properly documented. 

(c) No alternative support facility is economically available. 

Some examples of unusual work accepted are:- 

• A Titanium Ball Sublimation Unit (part of a semi-conductor 

fabrication system). 

• A Bore Sight Module (used to 'align telemetry tracking). ' 

QUALITY  - INSTRUMENT CALIBRATION . 
While recognising that some projects use equipment in 

non-cAtical applications, we do insist on the following points:- 
• Any user making a measurement should be aware of the limits 

of accuracy with which the measurement is made. 

• All equipment with potential for use in critical 
measurements should be maintained in properly calibrated 
condition. 

• Although Instrument Services will perform limited 
calibrations on certain equipments used in "dedicated" 
applications, this is only done after a specific request 
from project leaders, and since repeated work of this 
nature degrades the overall instrument quality, judgement 
will be used in applying this option. 

CALIBRATION LEVELS  

In order to optimise the various quality control requirements 
of projects, Instrument Services uses a multi-level calibration 
system. The standard calibration sticker illustrated in Fig. 2 informs the 
user of all pertinent data on the status of his instrumentation. The 
absence of such a sticker indicates that equipment has received no 
attention from Instrument Services for several years. Such equipment 
is unsuitable for meaningful measurements unless the user has other 
reasons to believe the equipment to be  in  good condition. 



•CALIBRATION LEVEL (orange background indicates 
- equipment is modified or 
otherwise "non-standard'. 

C,R,C, 
INSTRUMENT GROUP 

LEVEL 1 	A 1 TRACEABLE TO 

Indicates final level of 
authority to which cal-
ibration is performed, in 
some cases may be blank. 

CALIBRATED REGAL 
75 

Fig. 2  

Final date for which 
calibration may be 
assumed valid. 

Date of last calibrati 

7 DIRECT TECHNICAL SUPPORT SECTIONS 

OPERATIONAL POLICY 

INSTRUMENT CALIBRATION LEVELS  

Level A 	The user is justified in assuming that measurements 

made in normal room environments will be within 

manufacturer's specified limits. 

Level B 	The user is justified in assuming that the instrument 

is quite adequate for non-critical measurements, and that 
deviation from the salient specifications will not affect 

Measurements greatly. 

Typical deviations.tolerated are: 

Rise Time 

Frequency Calibration 	100% of spec. 
(e.g. 1% to 2% degradation) 

Level C 	This is a utility grade of equipment; repair quality is not 
relaxed, but very few quantitative performance tests are made. 
Typical members of this group are: simple audio equipments, 
power supplies, and older equipment which is still useful on 
an "as is" basis. 	 • 



DIRECT TECHNICAL SUPPORT SECTIONS  

OPERATIONAL POLICY  

NON STANDARD UNITS  
A small percentage of units are modified, or otherwise need 

special comment. These units are identihed by an orange background 

to the "Calibration Level" section on the calibration sticker. 

Instrument Maintenance maintains a file on these units, and users should 

inform theiselves on the nature of the comments on file.  They  are not 

necessarily negative. 

DOCUMENTATION  

In order to minimize paper work, Instrument Services normally 

use an "inverted" document system in which technicians merely certify 

that instrument condition conforms with the requirements of a Test 

Schedule maintained on a central file. 	 • 

When documentation is required, a Performance Report is 

prepaeed in whatever detail is required. Although the format of the 

report body will vary according to.the  section  involved and the nature 

of the data, the first page is standardised, and contains a summary 

which in some applications will obviate the need for a detailed study 

of the data. 

8 

• 
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DIRECT TECHNICAL SUPPORT SECTIONS  

DESCRIPTION OF SERVICES AVAILABLE  

• MAINTENANCE & CALIBRATION  

S. KEMP, LOC. 453,SLDG - 2; ROOM'40  

This section provides the following services: 

1. Maintenance and Traceable Calibration of instrumentation 

from D.C. to beyond 18 GHz. 

2. Quality Control of incoming contract repairs and newly 

purchased equipment. 

3. Type approval testing. 

4. Special Calibration Reports to optimise measurements in 

specific areas of interest. 

S. Small development jobs and modification of existing equipment. 

The above services are performed using working standards 

supplied by the two standards sections. This practice ensures 

traceability, to internationally acceptable standards. This is important 

to any project entering into co-operation with other agencies, and is 

also essential in eliminating time consuming debate with industrial 

agencies during quality control of contract repairs. 

• The section also performs detailed type approval testing of 

equipments proposed for addition to C.R.C. inventories to ensure that 

manufacturers claims are in fact justified. It is not unusual to find 
that equipment which seemed to perform adequately during vendor 

controlled demonstrations do not measure up to a Quantitative assessment. 

• Special Calibrations are occasionally an important-factor in 

project activity. Instrument -parameters are usually optimized over a 
wide range, and it is frequently possible to enhance the accuracy or 

resolution of a 'unit for specific applications. A second aspect of 
this service which has proved useful, is the "after the fact" provision 

of special data to scientists who have made detailed measurements, and 

drawn conclusions without coneideration of equipment limitations. 

. 	Finally, the section performs a limited number of development 

jobs, when economic factors,. work pressures, and individual technicians 

abilities or interests combine to favour the decision. The most recent example 

is the development of iwo local oscillator assemblies in the millimetre 

portion of the spectrum. In this particular application, because there was no 

commercial alternative, the syStems were duly constructed" and documented, 
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D.C. 

A.C. 

DIRECT TECHNICAL SUPPORT SECTIONS  

DESCRIPTION OF SERVICES AVAILABLE  

REFERENCE STANDARDS 	 - 

- ' R. ATKINSON, LOC. 453, BLDG 2, ROOM 38  

- 	 - 

The first responsibility of this section is to ensure the 

validity of all calibrations (other than frequency) leaving Instrument 

Services. This is accomplished by the maintenance of a wide range of 
secondary standards, from which working references are Supplied for use 

in instrument calibration. Because these skills in metrology have 

proved to be of direct value to scientific projects, we now-perform a 

variety of measurements on demand. 	 . 

For example, we have custom calibrated existing devices 

to allow projects to perform measurements  for  which no commercial 

instrumentation exists; a brief list of measurements already performed 

for projects follows: 

Sub,.standard certification 

Uitra-precise D.V.M. certification 

Current Shunt certification 

Resistance certification 

Sub-standard certification 

Custom calibration of A.C, meters 

Impedance/Reactance certification 

Thermal transfer device certification 

Micro-Wave 	Calibration and Certification of: 

Power heads 

Detector mounts (to allow enhanced precision of power calibration 

of oscillator. output). 

Attenuators (0-100 dB) • 

Co-ax. Cable and waveguide losses 

- Noise Standards 

. Cross Couplers 

Directional Couplers 

Isolators and Circulators 

Swept and Single point measurement of: 

V.S.W.R. & Related parameters  on  above devices and active 

amplifiers. 

Because the many factors affecting metrology preclude any concise 
narrative  description of limits of accuracy, a suMmary is presented 

in Fig. 3 to provide a general idea of the scope and capabilities of this 

operation. Each parameter is nuffibered and users wishing specific statements • 
of éapability and accuracy will find côrrespondingly numbered detail charts in 

the appendix. 
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DIRECT TECHNICAL SUPPORT SECTIONS  

DESCRIPTION OF SERVICES AVAILABLE  

FREQUENCY STANDARDS  

R. ATKINSON, LOC. 453, BLDG 2, ROOM 38  

Tilis service provides certification of precision frequency 

standards and other high calibre time and frequency sources. Measurements 

are traceable to NRC standards. Because the impact of different 

components of oscillator frequency modulation noise and drift varies 

accordingly to the particular application, and in'order to supply the 

particular data required by different projects, the Frequency Standards 

Section offers the following options: 

ATOMIC AND CRYSTAL STANDARDS  

(Frequencies 	• Certification of Frequency Offset from Universal 

of 100 kHz, 	Co-ordinated Time. Routine accuracy is + 1X10 -11  

1, 5, & 10 	• Certification of Frequency drift rate. Accuracy 

MHz) 	 is + 1X10 -11 . 

• Certification of short term stability, over 

averaging times from 10 msec upwards. 
Resolution = 10'9  X (Averaging Time). 

• Spectral Analysis of signal purity. 

Synthesizers  

and Other High  

Calibre Sources  

• All of the above, with the qualification that 
accuracy is maximum at the normal standard frequencies. 

At other frequencies, the offset synthesizer techniques 

used degrade accuracy, but typically, (+ 104) is achieved 

to 500 MHz and resolution of + 1 Hz is attained at 
18 GHz. 

High Calibre 	e Certification of internal ovens and certification of 
Frequency Meters 	accuracy to 18 GHz. 
and Counters  

MEASUREMENT METHOD  

The basic system is illustrated in Fig. (4 ). The 5016A House 
Standard is operated jointly by Instrument Services and the Radio 

Propagation Group. Due to a fortunate combination of interests 
Dr, A. G. Mungall of N.R.C. Time and Frequency Division, monitors 
the V.L.F. transmissions of the Radio Propagation Group, and supplies 

Instrument Services with data on absolute frequency. 
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The frequency Comparator uses an iterative process of multiplication 

and subtractive mixing, to perform  multiplication of frequency'offset, 

(Af), while maintaining an easily manageable  output  frequency of: 

100 kHz t nàf. 

This signal is then counted by a H.P. 5326B frequency counter 

whose Time Base is controlled by the 5061A House Standard. 

The system resolution is a function of averaging time, and is 

expressed by: 

Resolution . 10 -9  X (averaging time in seconds). 

For averaging times of more than a few hourt, the system is easily capable 

of resolving the offset (typically 3 in 10-13) between the 1 MHz outputs 

of our two CEASIUM BEAM standards. Output data is available in both 

analog and digital forms. 

While there is - 1.u; conceivable need to improve upon long term 

resolution some experimental work has been done which 
permits short term resolution of 10' 12  sec. at a one 'second 

averaging time. However, we are not currently in a position to assess 

the effects of system noise, and for applications requiring data on 

extremely short term fluctuations, we provide results in terms of 

Spectral Power Density. 
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COUNTER 

HP-5326B 

THIS STANDARD IS ALSO THE REFERENCE FOR THE VLF 
TRANSMISSIONS OF THE RADIO PROPAGATION GROUP, WHICH 
ARE MONITORED BY NRC. THIS PROVIDES DATA ON 
ABSOLUTE FREQUENCY. OFFSET FROM ATOMIC TIME IS 
KNOWN TO BE WITHIN 1X10 -11 , AND GREATER ACCURACY 
CAN BE ATTAINED IF NECESSARY. 

ATOMIC FREQUENCY 
STANDARD 

HP CESIUM 
5061A 

1 MHz Reference • RMS 
FREQUENCY 

MULTIPLIERS 
& DIVIDERS FREQUENCY 

COMPARATOR 
MONTRONICS 

100  

FREQUENCY 
SOURCE 

UNDER TEST 

fo 

100 KHz ± nAf. n = 1, 10, 100 or 1000 
pf =.fr ± fo 

100 Hz  
INPUT B 

INPUT, A. - 100 .KHz ± nAf 
INPUT B - 100 Hz 
MEASUREMENT FUNCTION - RATIO A/B 
TIME BASE MULTIPLIER - AS REQ. 

As determined by required 
averaging time. 
T.B.M. setting = 100 X (averaging 

time in seconds) 
RESOLUTION = 10-9X (averaging time) 

IDIGITAL  PRINTOUT D TO A CONVERTER1 

1 CHART RECORDER 
•  BASIC SYSTEM FOR FREQUENCY STABILITY MEASUREMENTS  

CRC INSTRUMENT SERVICES  

Fig. 4 »  
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FLUKE - 721A 
RESOLUTION 0.1 mi2 

VOLTAGE STANDARD 
FLUKE - 332D 

RATIO DIVIDER 
FLUKE - 720A 
LINEARITY .1 PPM 

QUARTERLY 
OR 

SEMI-
ANNUAL 

.1V TO 1.1KV 

WÔRKING 
STANDARDS 
GENERAL 
ACCESS 

HP - 740B 
DC SOURCE 6 .  DIFF: VM 

160f 1: EFT- 

1 
1V TO IKV 0.1V TO IKV 

HP 3450/3490 
DVM's (4) 

I 	P201  

slV TO 1KV 
1 	1 

1 pV TO 5V 5 pV"TO 500V 10MV TO"1.2 KV 
10-10  TO 10-3V 

FLUKE - 8800 
imfm , s_ (6) 

I 	f.751 

KEITHLEY 260 
NANOVOLT 	SOURCE 

1 	1.251  

1 	L271 1 

10-3  TO 1.0V 

REFERENCE ,STID CELLS 
GUIDELINE 9152/P4  

1 	1 3  

HOUSE 
STANDARDS 
RESTRICTED 
ACCESS 

ESI-PVB-300 
BRIDGES  (2)  

1 	1.021 

An 
DETAILED CHART NO. 1, ,DC VOLTS 

PREPAREQ 

REVISED 	  

APPROVED 

CRC INSTRUMENT SERVICES 



CRÇ INSTRUMENT SERVICES  

AC VOLTAGE CALIBRATION TRACEABILITY.CHART 

1  
AC-DVM (6) 
FLUKE 8800 

1 kHz 

1.051 

QUARTERLY r-SEMI- 	 YEARLY OR 
OR LESS 	 1 ANNUAL __.------GREATER 

DECIMALISED FIGURES REPRESENT PERCENTAGE, 
INTEGERS REPRESENT P.P.M., 
SOLID ARROWS INDICATE INPUTS AND OUTPUTS. 

1.021 

NOTE:ALL STATEMENTS'REFER 
TO 1 KHz ONLY 
EXCEPT WHERE INDICATED. 

THERMAL CONVERTER 
BALLANTINE - 1396 

.5  MHz 	1 GHz 

I
f  1 Al 5.0 

RATIO TRANSFORMER 
ESI - DT 72A 
RESOLUTION 0.1 PPM 

t 
(IkV MAX.)  

DIFFIL RMS METER 
FLUKE - 931B 

1 kHz 

1 .0551 

AC SOURCE 1 MV-10V 
OPTIMATION-RCD 904 
SHORT TERM 
STABILITY 

1± •10 

AC SOURCE 
HP745/746 
1 MV TO 1000V 
1 kHz 

LEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
THE POSITION INDICATES THE CALIBRATION CYCLE. 

REFERS TO CURRENT 	.REFERENCE TERMINAL 
NRC REPORTS --II> CONVERTERS @  1 KHz 

.--- -1. 
	  FLUKE & H.P. 

r- I 	1 

TRANSFER STANDARD 
BALLANTINE-1600A 
1 KHz 30 MHz 

0 

.01 
L 11  ___ ___ ____ ...... _ ___ 

HOUSE 
STANDARDS 
ACCESS 
RESTRICTED 

CRC-SUB 
STANDARDS 
LIMITED 
ACCESS 

WORKING 
STANDARDS 
GENERAL 
ACCESS 

D.C. REFERENCE 
STANDARDS 
± 50 PPM  rt 

MICRO-POTENTIOMETER 
BALANTINE-440 SERIES 
FREQUENCY RANGE 
DC - 500 MHz 

1 	1 	16.0, 	 

AC-DVM 
HP 3450/3490 

1 kHz 

1.131 • os 

1 	1.01 	1 

DETÂILED CHART NO. 2 

PREPARED 

REVISED 

APPROVED 



SOURCE-DC 
KEITHLEY - 261 
10-14  TO 10-4  AMPS 

I 	11.61 

WIC 

BRIDGE-DC 
ESI-PVB-300 
.10" TO 5 AMPS 

SOURCE-DC 
HP-6177B 

0-500 MA 
STABILITY < 

11001  

12001  

METER-DC 
SINGER MODEL B.S. 
1 MA TO 30 AMPS 

1111111105 

AC MONITOR @ 1 KHz 
FLUKE - 9318 
DIFF: VM 
@ 1 kHz 

1.055  

1 
SHUNT 100 pA TO 10A 
FLUKE - 90A 
DC 	AC @ 1  kHz  

11.1 1 	I 	1 	1.3  

HOUSE 
STANDARDS 
RESTRICTED 
ACCESS 

CRC SUB-
STANDARDS 
LIMITED 
ACCESS 

WORKING STANDARDS 
GENERAL 
ACCESS 

n .1 

DETAILED CHART NO. 

1 I [061 
PREPARED 

C8C INSTRUMENT SERVICES  . 

AC & DC CURRENT CALIBRATION •& TRACEABILITY CHART' 

LEGEND. ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
THE POSITION INDICATES THE CALIBRATION CYCLE. 

REFER TO CURRENT 
NRC REPORTS REFERENCE SHUNTS 

GUILDLINE 
.01 OHM TO 10K OHM 

50 

DC-DVM MONITOR 
HP 3490A 
HIGH RESOLUTION DVM 

I 	1220.1  

QUARTERLY 	SEMI- 	YEARLY OR 
OR LESS\,,,‘ 	ANNUAL 	 GREATER 

DECIMALISED FIGURES REPRESENT PERCENTAGE, 
INTEGERS REPRESENT P.P.M., 
SOLID ARROWS INDICATE INPUTS AND OUTPUTS. 

A 

• 



REFER TO CURRENT 
NRC REPORT 

>REFERENCE STANDARD 
ESI-SR1010/MT • 
10K OHM/STEP r-TT5-  

DC NULL VOLTMETER 
FLUKE-845AB • 

RESOLUTION ale/ 

SEE NOTE 

(COMPUMENTED BY 
GUILDLINE 9200 
RESISTANCE STANDARD) 

KELVIN-VARLEY 
VOLTAGE DIVIDER 
FLUKE-720A 
RESOLUTION 0.1 PPM 

LEAD COMPENSATOR 
FLUKE-721A 
RESOLUTION 
0.1 MILLIOHM 

b.  

DETAILED CHART NO. 4 

PREPARED 

• 

C R C INSTRUMENT SERVICES - 

DC RESISTANCE MEASUREMENT CALIBRATION & TRACEABILITY  CHART  

FLEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. THE POSITION INDICATES THE CALIBRATION CYCLE. 

QUARTERLY 	 r-SEMI- 	 YEARLY OR QUARTERLY 	 SEMI- 	 YEARLY OR 
OR LESS ..`••••,,,‘ 

II•  

00 

HOUSE 
'STANDARDS 
RESTRICTED 
'ACCESS 

STABLE DCV 
SOURCE 

DECIMALISED FIGURES REPRESENT PERCENTAGE, 
INTEGERS REPRESENT P.P.M., 
SOLID  ARROWS INDICATE INPUTS AND OUTPUTS.  

* NOTE: Accuracy depends on transfer 
standards used .  It is: 
50 ppm @ 10 /step 
10 ppm @ 1m/step 
50 ppm @ 10m/step 

SUB - 
STANDARDS 
LIMITED . 
ACCESS 

TRANSFER STANDARD 
ESI-SR1010/LTC 
10 OHM/STEP 

V  
TRANSFER STANDARD 
ESI-SR1050 
1M OHM/STEP  

TRANSFER STANDARD 
ESI • SR 1050 
10 8  OHM/STEP 

0 

WORKING 
STANDARDS 
GENERAL 
ACCESS 

DECADE RESISTORS 
ESI-DB-62 SERIES 

10
-2 

TO 10
7 
OHM  

[02  

•  

RESISTANCE BRIDGE 
ESI -PVB -300 

8 
10

-5 
TO 10 OHM  

I 	1.061  

DIGITAL OHMMETER 
HP-3490A 

10
-3 

TO 10
8 OHM 

TERAOHMMETER 
GUIDELINE - 9520 
10 8  TO 10 15  OHM 

REVISED 

• APPROV 



REFERENCE THERMISTOR 
MOUNTS, 10 MHz TO 18 GHz 
HP-478 SERIES 
MG  & COAX 

I.  

1 
DC VOLTS MONITOR, 
HIGH RESOLUTION 
DVM, HP-3490A 

PREPARED 

REVISED' 
APPROVED 

. , 	 . . 

CRC INSTRUMENT SERVICES  
RF POWER CALIBRATION 4 TRACEABILITY CHART 

HOUSE 
STANDARDS 
RESTRICTED 
ACCESS 

LEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
- THE POSITION INDICATES THE CALIBRATION CYCLE. 

QUARTERLY r--SEMI- 	YEARLY OR 
OR LESS 

DECIMALISED FIGURES REPRESENT PERCENTAGE. 
SOLID-ARROWS INDICATE  INPUTS AND  OUâkri" 

REFER TO'CURRENT 
NRC LAB REPORTS 

ene• 	 •••n •• 	 •nn • 	 •n•nn •nn nn •••••• 

SUB-STANDARDS 
LIMITED 
ACCESS 

REFLECTION COEFFICIENT 
MEASURING EQUIPMENT 
- WILTRON BRIDGES 
- SLOTTED LINES 

POWER METER . 
HP , 432B 
10 pW to 10 mW 

POWER METER 
CALIBRATOR 
HP - 8477 

I 15  1  

WORKING 
STANDARDS 
GENERAL 
ACCESS •  

AUXILLARY EQUIPMENT 
- 'GENERATORS ' 	• 
- ATTENUATORS 
- TUNERS 
- FILTERS 
- ISOLATORS  

WORKING THERMISTOR 
MOUNTS 10 MHz TO 18 GHz 
HP - 478 SERIES 
MG & COAX 

15. ôt  
t .  

10 MHz TO 18 GHz 

NOTE: ACCURACY STATEMENTS INCLUDE CORRECTION CURVES. 

UNCERTAINTIES DEPEND ON KNOWN REFLECTION LOSSES. 

• 4 

DETAILED CHARI NO. 3: 

113.01  



30 MHz RECEIVER 
& STANDARD ATTENUATOR 
WEINSHEL-VM-3 

1•  1-021 

ATTENUATOR 
9 dB IN 1 dB STEPS' 
WEINSCHEL -AF-93-09-3 
DC - 18 GHz 	.05 

ATTENUATORS, FIXED, 
SET OF FOUR 
WEINSCHEL-AS-12 
DC - 18 GHz 	.05  

1 	1-05  

MI .08 

1 1n5  

1 	1 	1081 

10  MHz  TO 18 GHz 

HOUSE 
STANDARDS 
RESTRICTED 
ACCESS 

LEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
POSITION INDICATES THE CALIBRATION CYCLE._ o 

DECIMALISED FIGURES REPRESENT + dB ACCURACY 
SOLID ARROWS INDICATE INPUTS Àii-D OUTPUTS. 

NOTE: 1  ALL ACCURACIES REFER TO A 
10 dB CHANGE IN POWER LEVEL. 

NOTE: 2  ACCURACY UNCERTAINTIES CHANGE WITH 
MEASURED REFLECTION LOSSES. 

SUB-STANDARDS 
LIMITED 

...ACCESS 
- 

WORKING STANDARDS 
GENERAL ACCESS 

ANCILLARY EQUIPMENT 
- GENERATORS 
- TUNERS 
- ISOLATORS 
- STABILIZER 
- ATTENUATORS 
- SLOTTED LINES .  
- SWR METER 

1.031 

ATTENUATOR 
60 dB IN 10 dB STEP 
WEINSCHEL-AP-93-60-3 
DC - 18 GHz .05 

1  1 Fo5 

DETAILED CHA 

. PREPARED 
REVISED 

.APPROVE-Dàleeiii 
• 

fee 
NO. 6 

REFER TO CURRENT 
NRC REPORTS 

REFERENCE 30 MHz 
PRECISION ATTENUATOR 
WEINSHEL - PA2 

I 	1 	1-0 

QUARTERLY,, 	r-SEMI- 	YEARLY OR 
OR LESS 	yil„ * ANNUAL ----- GREATER 

1 	1 	1 	1 

MIXERS 
WEINSHEL-HO-1 & 
1507 & 1508 SERIES 
10 MHz TO 18 GHz 

41. 

CRC INSTRUMENT SERVICES 

ATTENUATION MEASUREMENT CALIBRATION & TRACEABILITY CHART 

211110 	 1111111 



SECONDARY STANDARD 
CAPACITORS 
SULLIVAN SERIES 

II  

10 pF TO 3 F 

• DETAILED CHART_NO. 7 
PREPARED 

REVISED 

APPROVED 

rdi 

CRC INSTRUMENT SERVICES  

CAPACITANCE CALIBRAT/ON & TRACEABILITY CHART 

LEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
POSITION INDICATES THE CALIBRATION CYCLE. 

QUARTER% i:SEMI, 	YEARLY OR 
OR LESS 	ANNUA1-------  GREATER 

IssI 
HOUSE 
STANDARDS 

.- RESTRICTED 
ACCESS 

SUB-
STANDARD 
LIMITED 
ACCESS' 

WORKING 
STANDARDS 
GENERAL 
ACCESS 

REFER TO CURRENT 
NRC REPORTS 

GENERATOR 
OPTIMATION RCD-904 
SHORT TERM AMPLITUDE 
STABILITY = 10 PPM 

Ii  
BRIDGE 
GR - 1620A 

1 	1 	1 DI 
t  

1 	1 	1.021  
_ 

10-11  pF TO 11 pF 

ai
REFERENCE CAPACITORS 
GR-1405/6. (2) 
@ 1 KHz 

RATIO TRANSFORMER 
ESI DT72A 
LINEARITY = 0.5 PPM 
RESOLUTION =0.1 PPM 

VARIABLE CAPACITOR 
GR -  14220  

1 1 	[05  

1 	1 	1.061  

24-1100 pF 

AC TUNED AMPLIFIER 
AND NULL DETECTOR 
GR - 1232A 
120 dB GAIN 

1 pF TO 1 pF 

HIGH CAPACITANCE METER 
HP-4350A 

DECIMALISED FIGURES !EPRESENT PERCENTAGE. 
SOLID ARROWS INDICATE INPUTS AND  OUTPUTS. 



REFER TO 'CURRENT 	 l REFERENCE INDUCTORS 

e  

NRC REPORTS 	  SULLIVAN & GRIFFITHS 
SET OF 2 
@ IkHz 1 	1- 

GENERATOR 
OPTIMATION RCD-904 
SHORT TERM AMPLITUDE 
STABILITY 10 PPM 

V  
RATIO TRANSFORMER 
ESI - DT 72A 
LINEARITY 0.5 PPM 
RESOLUTION 0.1 ppm 

lei

AC TUNED AMPLIFIER 
AND NULL DETECTOR 
GR - 1232A 
120  dB GAIN 

BRIDGE 
MARCONI-TF 2700 

111111111 

• milli 
10 ph TO 100 h 

MUTUAL DIDUCTORS.' 
SULLIVAN 4 GRIFFITHS 
SERIES 

1111111E1 

IRMO 
1 ph TO lh 

BRIDGE 
GR-1633A  

I 	I_ 	1 

CRC INSTRUMENT SERVICES 

INDUCTANCE CALIBRATION & TRACEABILITY CHART 

HOUSE - 
STANDARDS 
RESTRICTED 
ACCESS 

LEGEND: ACCURACY STATEMENTS APPEAR IN THIS FASHION. 
POSITION INDICATES THE CALIBRATION CYCLE. 

QUARTERLY 	r-SEMI- 	YEARLY OR 
OR LESS. 	ANNUAL  

DECIMALISED FIGURES REPRESENT PERCENTAGES, 
SOLID ARROWS 1NDICA1h INPUTS AND OUTPUTS. 

SUB-
STANDARD 
LIMITED 
ACCESS 

WORKING 
STANDARDS 
GENERAL 
ACCESS 

111111111 
10 ph.  TO 1000 h .  

INDUCTORS 
GR-1481A SERIES 
& S.G. SERIES 

ET1u 

10 piT01h 

. DETAILED CHA NO 8 

PREPARED 






