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Mo N T H LY P E R FO RMA N C E . | SONAR—MONTHLY PERFORMANCE AND OPERATIONAL REPORT a
e .. s ‘ - =
Ship : S . ’ %
’ . (Name) - e (Hull No.
AN D o P E RAT I O NA L R E po RTS Equipment Model _. ) 1 " Ser. No. _}i/__ Date Insta/lled';:' /(’Typf’) By 7‘ﬁ('0/7/'¢'l7' }3oa7 /s’g//é
(a) Transducer(s) Located at Frame(s) T e L0 S

SONAR EQUIPMENT

Distance of Transducer(s): Below Keel in Operating Position

X Above Keel in Operating Position

All sonar-equipped vessels will submit by confidential  bearings, sloppy train, etc. should be listed. Equipment il. (b) Field Changes Accomplished ORI

letter a Monthly Performance and Operational Report  performance is to be rated as follows:

Period of Réport - . - to ’ ‘
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on certain sonar equipments. -
It i i i ; Excellent - . P .
ts ?ssen:;al tha;{ the B ureau :f Ships fecetve these . . A (c) Total Hours of Operation, To Date ‘)(_ During this Period AR
reports in order to keep informed on sonar equipment (1) Echo Ranging Equipment—1009, return echoes . { . 2
performance and operation. These reports provide the from target for all “ping” transmissions during ! (d) Total Hours of Operation Lost During Period of this Report N
Bureau with- first-hand information under actual operat- normal search speed and at limiting range for ’ .
ing conditions 'and are, therefore, of extreme value to the day. ' (¢) General Performance:  Excellent (), . Good (), Fair (/), Poor ()
the sonar program. Some of the details for the report (2) Listening Equipment—Continuous contact at lim- N
may be obtained .from the ship’s Electronic History iting range for the day.
Cards and Installation Records, which should be accurate- (3) Echo Sounding—100% return echoes for all ]
ly kept. The remainder of the form is to be filled in from “ping” transmissions at all de ithin th :
h ot pths within the ) — -
operational data and bathythermograph slides or cards. scale limits of the indicator and recorder. | (f) Operational Difficulties T £ s N Trne ABemp:
One copy of the report should be sent to the Bureau ~ Good , ’ P e = B 2 A AT /
of Ships. Coast Guard vessels submitting reports should 80 to 90% of that listed for excellent. (;J AL A T NSNS e /r yayd e
send one §xtra copy to the Commandant, Coast Guard,  Fa/r . 7£7//:; / 4 0crn ] y.o ////
Other copies of the report are to be made as directed by 60 to 70% of that listed for excellent. ) -
type or fleet commanders. Poor ‘ (g) Range Table:
A;) oxitline of a sample form is included with this Less than G0% of that listed for excellent. o 1
article. In general, it is not intended that the reports . ' Maximum Range De ‘ i
. pth Operating Frequency (kc)
be confined to the spaces indicated, but rather that the 3;2;:::]]:? I:) N fqllfl))wedd by a Statemept _°f th? general Obtained (yards) Sonar Type of ‘ | Sea
sample be used as a guide. An explanation of items (a), “Equi ch contribute to the desmpt'o.n given such ‘ Ranging | Listening Message Target Target Own Condition | £ h Ranging | Listening Eqpt.
(b), (c), (d), (), (), (8), (h) and (i), as referred as ~Etquipment is very reliable, steady, easily tuned and Eqpt. Eqpt. (estimated) (if SS) Eqpt. (tunedto) | (bandwidth)

to in the form, follows:

(#) Transducer(s) Information. (1) Distance of
transducer from bow (frame number). This data can be
obtained from the installation records and plans. (2)
Depth of transducer—above keel for submarines and
below keel for surface craft and submarines.

(b) Field Changes Accomplished. This data can be
taken directly from the Electronic History Cards if they
are up to date. Give only the numbers of the field
changes that have been completed.

(¢) Total Hours of Operation, To Date During
this Period. 1f possible, indicate the total hours the
equipment has been in operation from the date of in-
stallation to the date of the report. Also, indicate the
hours the equipment has been in operation since the last
monthly sonar report.

(d) Total Honrs of Operation Lost During Peviod of
this Report. The time lost refers to equipment shutdowns
due to component and tube failures and other troubles

which prevented normal operation.
(¢) General Performance. (omments pertaining to
general performance are required. Errors in ranges and

put into operation,” or “Equipment is more dependable
since personnel has become more familiar with it,” etc.
If the equipment has a PPI, state whether target was
readily discernible, persistent, clear, etc,

(f) Operational Difficulties. Describe the nature of
all interference encountered: that is, tell the amount
and .what effect it had on the scope pattern and the
relative arc in which the interference occurred. If pos-
sible, state the causes of all Operational difficulties en-
countered and what steps, if any, were taken to remedy
them gnd the results obtajned. State what interference
the shlP’s sonar caused to other equipment, and what
pr'eventlve steps, if any, were taken to reduce it. Own
ship’s screws are always a source of nojse and their arc
of interference is fairly well known but “spokes”
sometiq]es appear due to dome reflections. Any voltage
fluctuation or frequency change of the power supply
which affects the sonar equipment should be reported.

(g) Range Table: Maximym Range Obtained. This
will be the maximum range at which a target was ob-
tained and identified as a target. Sy Message. This
will be the sonar message at the time of run on obtained
target. Type of Target. This will be “SS,” “AP,” “DD,”

(h) Sonar Personnel

Name (s) and Rating(s): Operating

Maintenance

(i) General Remarks

b

Copies to:
BuShips (1—Attention Code 983)
Comdt. Coast Guard (1—When report is submitted by a Coast Guard vessel)
(Other copies as directed by fleet or type commanders) :
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etc., as identified. Depth. Surface ships will report the
estimated depth of a target that is submerged. Sub-
marines will report own depth and estimated target
depth. Sea Condition. This will be the average sea

condition at the time of contact. Operating Frequency.

(a) Echo Ranging Equipment—Driver and receiver

tuned to
width

(h) Senar Persgnnel. ldentify by name and rating
the men with sonar training, either as operators or main-

(b) Listening Equipment—Band-

tenance men.
(7) General Remarks,
cavered in the above

Add here any remarks not
items. Include new uses of
equipment or suggested changes in use of equipment to
achieve better results. Some of these uses may be hap-
pened upon by chance or come from proposals by
operators or maintenance men. This is not to be con-
strued as authority to modify the gear in any way,
Commanding Officer’s remarks are specifically requested.

Information concerning the newer sonar equipments
is desired for comparison with other types and as a
check on their troubles, usefulness, etc. It ir not desired
hat reports be made on all sonar. The list below covers

sonar equipments on which reports should be submitted.
This list will be changed from time to time as older
equipments are dropped and new ones added.

T
NAC/NAD
NGA/NGA-1

NGB

OKA .
OMA

QDA
QHB,/QHBa/QHB-1
QLA/QLA-1

QXB

WFA/WFAa/ WFA-1

It is not required that a report be submitted for the
equipments listed above if the equipment has not been
1z operation.

This report is not to be confused with the failure
report form NavShips 383. All activities should con-
tinue to report all failures of electronic equipment on
the NavShips 383 failure report form, whether or not
a special operational report is submitted.

MONTHLY PERFORMANCE

AND OPERATIONAL REPORTS
COMMUNICATION AND
COUNTERMEASURES EQUIPMENT

In order to facilitate the preparation of monthly per-
formance and operational reports for communication
and countermeasures equipment, the Bureau of Ships
will supply a form, Navships 3642(3-49), a sample of
which is included with this article. A pad of fifty has
been furnished to each active vessel in the fleet, and ad-
ditional forms may be obtained from District Publication
and Printing Offices,

Note that six separate equipments may be reported
on a single form, and that the classification has been re-
duced to restricted.

The explanation of the items on the form are con-
tained in the March issue of BUSHIPS ELECTRON, the
only exception being that under the heading “Total
Hours 1In Operation™ 1t 1s nNecessary to report only the
hours of operation for the period of the report. The total

hours of operation since the date of installation of the
equipment are not required.

The March issue of ELECTRON also carried a list of
equipments for which P & O reports were required. This
list is cancelled. Beginning immediately, reports should
be forwarded to the Bureau of Ships, Code 983, on the
following equipments:

Model TDZ Radio Transmitting Equipment

Model RDZ Radio Receiving Equipment

Model MAR Radio Transmitting and Receiving Equip-

ment

Model RDR Portable Radio Receiving Equipment

TS 587 /U Noise-Field Intensity Meter (only wher

used during the month)

ME 11,/U R-F Wattmeter

AN 'USM 3 Test-Tool Set (only for suggested new

applications and general remarks )
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COHHUNICATiON AND COUNTERMEASURES EQUIPMENT RESTRICTED

.MONTHLY PERFORMANCE AND OPERATION REPORT

NAVSHIPS 3642 (3-89) Submit original only to Bureau of Ships

PERIOD OF REPORT 1 March thru 31 March 1949

suip_UISS BT IND T ANDING (XXX =30)

EQUIPMENT MODEL

TDZ RDZ RDZ
725 850 853
12 Jan 1949|12 Jan 194912 Jan 1949

SERIAL NO.

DATE OF INSTALLATION

INSTALLED BY

BRoston Boston Boston

105 125 120

NOTE 1 - Report only the hours lost as a direct result of equipment deficiency during this period on the following line:

TOTAL HOURS
IN OPERATION

HOURS LOST DURING

PER 10D (See Kote 1) 20 0 5
Kere 2 - :’grggmncﬁ 100%—EXCELLENT 90%—VERY 600D 75%-600D 607—FAIR 50%-—F00R EBUT %— INOPERABLE
' ® # . 2 V%= 0PERATING ®
GENERAL PERFORMANCE
(See Kote 2 - Sﬂ;::mmgrl 60 100 90
MAX IMUM RELIABLE
RANGE (State .
Premuaticy) 10(277.8)  [15(282.4) |12(268.8)
Typ,e-66147 Type-66147|Type-066147
132" above 132" above |138° above
ANTENNA LOCAT 10N waterline, |waterline, |waterline,
peak of peak of foremast
mainmast |mainmast SG-6 plat-
(Port) (Port) orm level
FIELD CHANGES
ACCONPL I SHED. 3 &4 1, 3 &4 1&3
ELeETRONIC: Jones, F. L. ET1 5 12 yre,
PERSONNEL Adams, A. D. BT2 1 yr.
SUGGESTED NEW APPLICATIONS
None

GENERAL REMARKS (If additional space &5 required use reverse side)

Oné (1) type 2C39 tube burned out after 230 hours operation. Tuning difficulties
previously encountered with TDZ corrected since last report.

Field Change No. 4-RDZ for RDZ #853 has been requested and will be installed
upon receipt.

SIGNATURE

RESTRICTED STOCKED IX CDS REPORT-SH | PS—66

B-12222
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BASIC PHYSICS PART 18

The tremendous field of electricity and electronics
encompasses many varied types of measuring devices
to visually indicate the current and voltage in vital parts
of electrical circuits. The actual type of instrument en-
countered will depend upon the particular application.
In laboratories, electrical measuring and indicating in-
struments will be capable of much greater precision than
those normally utilized in equipment such as power
switchboards, radio or radar transmitters and thousands
of other electronic equipments.

Although official definitions vary from usage some-
v'v_hat, in electronics practice the words “meter” and
'u}strument" are employed almost interchangeably to
refer to a device which indicates and measures the value
of some physical quantity under observation. The quan-
tity 1s usually an electrical one in electronics, of course.
Superimposed upon this ‘general equivalence of the
words, however, are several fine distinctions. When in
practice in electronics we think of a “meter,” we usually
conjure up a picture of a rather small-sized device, more-
or-less self-contained, indicating the values of the more-
common electrical units, such as voltage and current.
The common, three-inch milliammeter is an example.
The word “instrument” brings to mind a somewhat
larger, somewhat more delicate and precise device, more
elaborate in outlay and often more complex in operation,
consisting of several separate electronic components,
which may include meters. Instruments in this sense
tend to be employed to measure the less-common physi-
cal quantities. In any case, these are somewhat fine
distinctions, rather loosely applied in practice; generally,
the words are more-or-less interchangeable,

Fundamental Principles of Meters

Electrical measuring devices are designed to utilize the
effects produced by current, voltage, etc. in an electrical
the quantity under
measurement. There are instruments based on the effects

crcuit to furnish a measure of

manifested by both current and voltage, but in practical

applications in the field of electricity we will find that
the greater majority of measuring devices are of the
type which depend upon the effects of currents. The
definite relationship given by Ohm's Law between the
current, voltage, and resistance of any circuit makes pos-
sible the measurement of voltage and resistance as well
as current by current-operated meters, as explained later.
An electric current may be detected and measured by
a device designed to utilize any of the previously-studied
effects a current produces. These are the magnetic
effect, the heating effect, and the electrolytic effect.

The Magnetic Effect of Current

When a conductor of any kind carries an electric cur-
rent a magnetic field always appears about the con-
ductor. It has been previously shown that a mechanical
force acts on such a current-carrying conductor when it
lies in another magnetic field, and that the force acting
on the conductor is directly proportional to three quan-
tities: 1—the strength of the field, 2—the magnitude of
the current, and 3—the length of the conductor lying
in the field. This mechanical force can casily be meas-
ured and used as an indication of the amcunt of current
in the conductor. The D’Arsonval and other types of

instruments operating on this principle are described
later.

The Heating Effect of Current

A metallic conductor becomes heated and continues
to develop heat as long as current flows, This is
attributed to thermal agitation by the electron flow
within the metal itself. When a current I flows in a wire
between two points in an electrical circuit whose
potential difference is E, we have I units of electricity
falling each sccond through a potential difference E.
This represents a loss of potential energy, according to
the laws of physics, equal to EI units per second. Since,
by Ohm's Law, E=IR, the rate at which energy is ex-

pended in the wire is P = I2R units per second. This
transformation of electrical to heat energy is called the
expended power and is dissipated as heat from the wire
as fast as it is produced, when a steady current state is
reached. This heat energy can easily be measured and
used as an indication of the amount of current flow in
the conductor. Meters depending on this principle are
hot wire and thermo-conple meters (described later on).

The Electrolytic Effect of Current Flow

During the study of electrical conduction through
liquids, it was found that an electric current, when pass-
ing through certain metallic salts in solution, will liber-
ate a mass of a substance which is proportional to the
quantity of electric current, Methods of electrical
measurement utilizing this principle require so much
auxiliary equipment that it is not applicable to ordinary
electrical measurements.

Utilizing the Magnetic Effect of Current

To illustrate and describe the instruments that are
actuated by the magnetic effect of an electric current,
some principles learned in previous parts of this course
will be briefly reviewed.

Ampere derived the fundamental relation between
the direction of current flow, its attendant magnetic field,
and the force that would be exerted through the inter-
action with another magnetic field. This principle was
used in explaining the theoretical operation of the elec-
tric motor described in Basic Physics, Part 14, Arséne

FORCES CANCEL >~
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—

FORCES REPEL
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FORCES CANGEL

FORCES REPEL:>

FIGURE 1—The direction of force shown as a result of
cancellation of flux lines in a D’ Arsonval meter. A
weaker field resulis.

D'Arsonval is generally credited with the first applica-
tion of these magnetic relationships to a device which
will indicate the presence of current flow by its magnetic
effect. hence the name D'Arsonval movement is used
when describing a meter of this type.

When a wire is placed in a magnetic field and an
electric current is passed through the wire, it experiences
a force tending to force it out of the field. As illustrated
in figure 1, the reaction between the magnetic field of
the magnet and the lines of force produced by the wire
is such that the field is strengthened on one side of the
wire and weakened on the other, and the wire is ac-
cordingly forced in the direction of the weaker field.
This force is directed in such a manner that the con-
ductor will tend to move at right angles to the lines
of flux produced by the permanent magnet. The force
in dynes may be expressed:

_ BxIxL

F
10

where B is the flux density in lines per square centi-
meter, I the current in amperes, and L the active length
of the conductor in centimeters.

If a single-turn coil is placed in the magnetic field

L

FIGURE 2—A method for obtaining a uniformly-radial
magnetic field.

as shown in figure 2A, and is free to rotate much the
same as a simple motor, the interaction of magnetic
fields produced by current flow in the coil will cause a
force to be exerted as shown in the sketch. This is the
familiar motor action, but when applied to electrical
measuring instruments, it is known as the D’ Arsonval
principle.

The forces acting in the manner shown in figure 2A
will tend to rotate the coil about its pivot axis. Since
the combination of force acting on each conductor tends
to produce rotary motion, it is in actuality a torque. The
value of a torque is expressed in units of force and
distance; the distance in this case is the perpendicular
distance from the pivot axis to the conductor upon
which the force is exerted. The torque or turning effect
is proportional to the current only when the conductor
is passing the flux lines at right angles, but it will be
noted that as rotation continues from the position shown
in figure 2A, the angle between the flux produced by the
field and the motion of the conductors will become less
than 90 degrees. Therefore, since the force on a con-
ductor varies as the sine function of the angle at which

Q310141534
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the flux lines are cut, the torque in the example shown
wil£, decrease. This feature is undesirable in an indicat-
ing device because of complications that arise when a
scale is to be calibrated.

Figure 2B shows the method used in the D’Arson-
val-type meter which permits a constant-flux field that
is radially perpendicular to the axis about which the
moving coil rotates. The core material is constructed
of soft iron in the form of a cylinder which is fixed
in position between the pole pieces of the permanent
magnet, so that there is an air-gap of uniform dimen-
sions opposite each pole face. The flux lines are per-
pendicular between opposite faces- of the air gap, as
shown in figure 2B, because flux lines have the property
of assuming any shape that will shorten the flux path in
air.

When a current-carrying coil is placed with freedom
to rotate in the air-gap of figure 2C, any movement of
the coil will move it at right angles to the flux in the
air-gap. Thus, the force and resultant torque developed
will be proportional to the strength of the permanent-
magnet field and the ampere-turns of the coil. The
torque will not depend upon the angle of displacement
opposite the pole faces, but, when the turns of the coil
reach the interpolar regions at the top and bottom of
the sketch, the distortion of the magnetic field will
cause a decrease in the torque.

The direction in which the force acts will be deter-

" mined by the direction of the current flow in the con-

ductor and the direction of the flux in the magnetic
field. Hence, as shown in figure 1, for a reversal of
current flow, the magnitude of the force remains un-
changed so long as the same field exists and the same
quantity of current flows.

Since the magnetic field about a current-catrying
conductor is concentric and counter-clockwise (when
one looks in the direction of current flow), a measuring
device of the moving-coil permanent-magnet type can
be used to indicate the direction of current flow as well
as the magnitude. t

The flux across the air-gap in a moving-coil meter-
movement must be as constant as possible over long
periods of time, if calibration is to be reliable. To meet
this requirement, the permanent magnets used in meters
are artificially-aged so that their strength will not ap-
preciably change with time. Artificial aging is necessary
because the rapid quenching of permanent magnets dur-
ing heat treatment produces sudden changes in their
molecular structure, and it may be several weeks before
the magnet becomes adjusted to a stable magnetic con-
dition, because a change in magnetic properties accom-
panies any molecular change.

Methods of aging vary. For instance, one method is
to immerse the magnets in o1l at 120° C. for one hour,
during which the magnets are sometimes subjected to

mechanical vibration' or an alternating magnetizing and
demagnetizing force. However a magnet is aged, the
process reduces the residual magnetism by possibly 209,
but tends to bring the magnet to a more permanent
state. When permanent magnets are used for instru-
ments and meters it is most important that their strength
shall not change with time.

The D'Arsonval Galvanometer

A galvanometer is defined as an electrical apparatus
for measuring current strength. It is usually inserted
directly in the circuit to be measured, since its current
requirements are quite small. The D’'Arsonval gal-
vanometer depends for its operation on the force act-
ing on conductors in a magnetic field. This instrument
is very important because most direct-current measure-
ments of current (and voltage) are made with it. It is
also used in conjunction with thermocouples, copper-
oxide rectifier units, and vacuum tubes to make many
alternating-current measurements,

FIGURE 3—Buasic D’ Arsonval or moving-coil meter move-
ment shown without scale or protective case.

A sketch of a D'Arsonval-type meter is shown in
figure 3. A permanent magnet made of an alloy such
as tungsten steel, cobalt steel, or aluminum-nickel-cobalt
(Alnico) produces a strong magnetic field. The current
to be measured or a known portion of it is passed
through the moving coil which is situated in the con-
stant field of the permanent magnet. The motor action
resulting from the magnetic reactions of the field about
the turns of the moving coil and the field produced
by the permanent magnet causes the coil and the at-
tached pointer to turn; the strength of the current is
thus indicated on a suitably-calibrated scale.

The Operation of the Permanent-Magnet
Moving-Coil Mechanism

The simple explanation. just given is the basis for a
large majority of electrical measuring instruments. Of
course, the different manufacturing details and varia-
tions for different applications cause instruments of dif-

ferent manufacturers to vary in size and physical shape.
The D’Arsonval instrument shown in figure 3 is typical
of most permanent-magnet moving-coil mechanisms.
The pole-pieces serve to intensify the. field at the ends
of the permanent magnet and concentrate the magnetic
lines of force within the region desired. The cylindrical
soft-iron core provides a good magnetic path for the
flux between poles of the magnet, thus producing a uni-
form field in which the moving coil travels. This com-
bination materially lengthens the life of the meter

" magnet because the actual air-gap is very short, and since

the field is concentrated about the moving coil, stray
external magnetic fields will have little effect.

This uniform air-gap is visible in figure 3 as the
space through which the moving coil rotates. Reference
to figure 2C should clarify the physical relationship of
the moving coil to the air-gap between the pole faces of
the magnet and the soft-iron core.

The moving-coil is usually wound of from twenty to
fifty turns of fine copper wire on a rectangular frame as
shown in figure 4. The frame is lightly constructed of
thin aluminum, and is fastened to the shaft which is
pivoted at each end in jewel bearings to minimize
mechanical friction. A pointer attached to the shaft
provides external, visual indication of the displacement
of the moving coil. The shaft is counter-balanced.

A flat, spiral spring at each end of the shaft serves to
conduct current to and away from the turns in the coil.
These metal springs provide the opposing force against
which the moving coil acts when current flows, and are
also used to return the pointer to rest or zero on the
scale when there is no current flow through the coil
winding.

It is obvious that at zero current there must be zero
force on the moving coil ; hence, at zero on the scale,
the needle rests at the relaxed position of the springs.
The torque is actually working against the restraining
force of the springs. This fact is accordingly taken into
consideration during the design of the springs. An
idea of the magnitude of this restraining force may be
obtained by applying Ampere’s Law to the coil of a
galvanometer.,

At any position of the coil in the air-gap where the
flux is uniform and at right angles to the direction of
coil movement, the torque is proportional to twice the
force acting on the turns on one side of the coil. By
restraining the coil movement with springs whose force
is proportional to displacement, the movement of the
coil will then be proportional to the current flow, and
can be indicated on a uniform or equally-divided scale.

Since the moving element must be very lightly con-
structed, the use of this type of instrument as a series
meter in which the total current is measured is limited
to circuits involving very small currents, However, as
will be shown later, by the use of appropriate shunts,

the instrument may readily be adapted for use as an
ammeter or voltmeter of practically any range.
An electrical instrument must be damped. If not, the

1:DICATING FOIXTER >4
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FIGURE 4—An enlarged sketch of the moving coil of a
D' Arsonval meter which is pivoted to move in the
uniform-flux field between the pole-pieces and the
cylindyical soft-iron core. .

pointer will not go directly to a given value of current
and stop, but will swing to and fro, only coming to
rest after a considerable period. To provide this damp-
ing or to make the instrument “dead-beat,” the moving
coil is wound on an aluminum frame. The edges of
this frame are clearly visible in figures 3 and 4. When
this frame moves in the air-gap, it cuts across the
lines of force and a current will be induced as a result
of the generator action. This induced current is called
an eddy current and it likewise has its magnetic field,
but the polarity of the field is opposite to that of the
field in the air-gap; thus, the motion of the moving coil
is opposed by a force which is proportional to the speed
at which the moving coil cuts the flux lines.

The opposition to coil movement afforded by in-
duced eddy currents in the aluminum framework causes
the pointer to swing somewhat more slowly to a given
position, but once it arrives there, there will be little
tendency to oscillate about that position. This is elec-
trical damping as compared to other methods (such as
air friction damping) that are also used in electrical
instruments. (The air-friction type has an enclosed air
chamber in which a screened vane is swung against the
air.)

The Electrodynamic or Dynamometer
Type Instrument

The American Institute of Electrical Engineers de-
fines an electrodynamic instrument as an instrument
which depends for its operation on the reaction between

the current in one or more moving coils and the current

in one or more fixed coils.

Q3LO141S3Y
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The basic difference between this instrument and the
permanent-magnet moving-coil instrument is that no
permanent magnet is used. The magnetic field which
reacts against the moving coil is produced by field coils
instead. These are large coils of many turns of wire and
may be seen in figure 5 (one of the field coils has a
portion removed for clarity). It will be noted that the
rest of the meter is constructed much the same as the
D’Arsonval movement, in that the moving coils are at-
tached to a shaft which is restrained by springs and to
which is affixed a pointer for external scale indication.
As indicated in figure S, there are two fixed-field coils
and one movable coil.

The connections to the coil are made so that the
magnetic fields produced by the fixed coils are of the
same direction and directed along the axis through the
field coils. The magnetic field produced by the mov-
ing coil will tend to align itself with the lines of force
produced by the field coils. The reaction between the
two magnetic fields produces a torque that overcomes the

e —
(INDICATING POI

arSea—— |
POINTER STOP

FIGURE 5—The basic movement of the electrodynamic
or dynamometer-type indicating instrument,

restraining force of the springs and moves the indicating
pointer accordingly.

The magnetic field produced by the fixed coil is
proportional to the current flowing, as is the magnetic
field produced by the movable coil. The force on the
movable coil and the attached pointer is caused by the
interaction of these two fields and is proportional to
their product. Hence the force on the moving coil, or
the deflection of the needle, is proportional to the
current times the current, or current squared. For this
reason, the scale marks of equal current differences are
crowded together at the lower end and are widely
separated at the upper end.

When the instrument 15 used to measure alternating
currents, the magnetic ficlds of both the fixed and mov-
able coils are reversed simultancously with every reversal
of current. Therefore, the direction of force acting be-

tween the coils remains unchanged in both halves of the
a-c cycle, and the deflection of the pointer is always in
the same direction and will be dependent only upon
the magnitude of the current flow. There are no ter-
minals marked “plus” and “minus” on an a-c meter,
for which proper polarity must be observed when con-
nections are made,

The Concentric-Yane Type Meter

The soft-iron-vane type meter depends for its action
on the deflection which takes place as a result of the

-

direction of
movement

torque = force x radius
(dyne - centimeters)

B

FIGURE 6-—A graphic example of the method by which
the vepulsion between like poles can be miﬁ'zed to
produce rotary movement,

repulsion of two magnetized pieces of soft jron (see fig-
ure 6A). Figure 6B shows twq pieces of soft iron of
special shape. The larger is in the shape of a tongue and
the smaller merely rectangular. In the position shown, a
flux, as indicated by the vertical arrows will cause both
pieces of soft iron to be magnetized. If tl’m tongue-shaped
iron is fixed in position and the smaller rectangular piece

—d

of iron restricted to move at a fixed distance from the
larger, the force of repulsion will be to the right. This
restriction of movement is accomplished by curving the
fixed vane in a cylindrical fashion and pivoting the
movable iron piece on a shaft as shown in figure GB.
The concentric-vane or moving-iron instrument (as
shown in figure 7) depends for its action on the de-
flection which takes place ‘between two pieces of soft
iron bent concentrically and placed within a coil.
Fastened to the inside of the coil is a fixed cylindrical
piece of soft iron. This piece of iron is purp0§e[y made
unsymmetrical so that the inner, movable, soft-iron pole-
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FIGURE 7—Cut-away view of the repulsion-type or mov-
ing-iron meter.

piece will deflect in a given direction., The movablle
pole-piece is attached to the shaft, which is pivoted in
jewel bearings. The two pieces of iron are held but
a small distance apart, and any movement is restrained
by the coiled springs. When the coil is energized, it
magnetizes both pieces of iron in the same direction, with
the result that they repel one another. This repu]sio‘n
causes a movement of the movable iron, and hence this
meter is called a repulsion-type meter. The extent of
movement depends on the amount of excitation produced
by the coil and the tension of the springs. _
The scale of this type of instrument is neither lincar
nor of the current-squared variety because the final shape
of the scale can be modified by the shape of the fixed
pole piece as well as the concentric vane, This instru-
ment has the same advantage as the dynamometer
type in that it may be used on alternating as well as
direct current. When used on a. ¢., the reversals of mag-
netism due to the alternating current which occur in

the coil also change the polarity of both pieces of iron
so that the deflection remains constant in direction.

Instruments That Utilize the Heating Effect
of Current

Measuring devices that depend on the heating effect
of an electric current are called thermoammeters. The
heating effect is a function of the power expended and
varies as the square of the current (hence a device ac-
tuated by temperature would have a non-linear scale
calibration).

There are two general types of thermoammeters, the
hot-wire ammeter and the thermocouple type. The hot-
wire type depends for its operation upon the property
possessed by all pure metals of expanding when sub-
jected to heat. The thermocouple instrument utilizes the
potential difference developed across a junction of two
dissimilar metals when the junction is heated.

The explanation of the hot-wire type instrument is
given, not as a detailed study of the meter itself, but
rather to show by an example the manner in which the
work done by any current varies with an increase or
decrease of the current in a circuit.

Hot-wire instruments indicate current magnitude by
mechanical coupling to a metallic wire whose coeﬁi_cient
of linear expansion is accurately known, such as platinum

SUPPLY
-------------- THREAD
L_SPRING
-PIVOT
HIGH RESISTANGE WIRE
LOAD

FIGURE 8— W orking sketch of a hot-wire type thermo-
ammieter,

wire of constant cross section. Figure 8 shows a work-
ing sketch of a hot-wire instrument. The platinum
resistance wire is heated by the passage of current and
expands or stretches. This allows the spring to contract
and move the pivoted pointer across a suitably-calibrated
scale. The scale is calibrated in terms of the square of
the current.

The application of this type of instrument is limited
in the field of present day electronics because of its
mechanical complexity and the lack of permanence of
its calibrations.

The thermocouple ammeter has practically replaced
the hot-wire type of meter. The operation of the
thermocouple meter depends upon the fact that when

Q3LO1Y1S3Y
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phystcal contact 1s made between two dissimilar metals
and the junction is heated, a difference of potential is
built up across the junction. The magnitude of the
potential difference is a direct function of the types of
dissimilar metals used and the temperature of the junc-
tion. This is the Seebeck Effect explained in Part 14 of
Basic Physics. A sensitive D'Arsonval galvanometer is
connected across the thermocouple and is activated by
the current which flows as a result of the voltage de-
veloped across the heated junction.

Two types of thermocouple instruments will be dis-
cussed. They are the direct-contact and the separate-
heater type. Both consist of thermocouples that are
heated by the power expended in a resistance wire as
a result of current flow.

The arrangement shown in figure 9A is employed in
most thermocouple meters in use today. In contact with
this heater element is the thermocouple junction. When
the current to be measured is passed through the heater,
power equal to I?R is dissipated in the heater, raising

.f

INSULATING _
BEAD

DIRECT

: SEPARATE
HEATER

HEATER

FIGURE 9—The two types of thermocouple instruments
commonly used.

the temperature of the thermocouple junction. This
causes a d-c potential difference to exist between the
cold terminals of the thermocouple, and this voltage
will force a direct current through the sensitive moving
coil instrument. The amount of current through the
meter will be determined by the voltage across the
junction and the resistance of the coil movement.
Although special wires are used in high-grade thermo-
couples, a voltage will be produced between any two
unlike wires in direct contact; for instance, at a junction
between pieces of copper and iron at a temperature of
100° C. there will be Produced approximately one-
thousandth of a volt across the thermocouple. In sen-
sitive thermocouples the wires are very Liel.ic‘ate, so they
are mounted in an evacuated glass bulb with the heater
leads and the meter leads brought out through glass
seals, This protects them from mechanical I.nj{All‘y‘ pre-
vents air from conducting heat away from the fum"t!.on,
Lermocouple more sensitive.

?lﬂ(.l (.’Dl']i("qll(‘n[']‘}-' lﬂﬂk(‘S lht’ tl
thernmwuplc. shown

The separate-heater type of

in figure 9B, is particularly well-suited for measurements
in radio-frequency circuits. It has been specially de-
signed to reduce the errors that thermocouples introduce
into r-f circuits. Because of the importance of this
meter in communication circuit measurements, it will be
encountered quite often.

The insulating bead is placed between the heater and
the thermocouple junction. This bead electrically in-
sulates the thermocouple junction from the heater wire.
The material chosen for the bead, however, has good
heat conducting properties, so that the heat from the
heater is readily conducted to the junction. By careful
choice and construction of this bead, the separate-heater
type thermocouple has been made almost as sensitive as

the contact type in which the heater and junction are in
metallic contact,

Ammeters and Voltmeters

Instruments for measuring current “and potential dif
ference in commercial applications are galvanometers of
a more substantial type than laboratory instruments.
There is no structural difference between an ammeter
and a voltmeter, and both deflect in proportion to the
current in the moving coil. The difference between them
is one of electrical resistanece. The instruments are de-
signed so that their introduction into a circuit for pur-
poses of measurement will not change appreciably the
quantities they are intended to measure,

In the ammeter the coil is provided with a by-pass
called a shunt, connected directly across the met;r
terminals so that the current in the coi] wil] be only a
small but definite part of the entire current in the gir-
cuit. The ammeter has a very low resistance so that the
potential drop across it will be small. Naturally, care
must be taken to have enough resistance in the éircuit
associated with this meter so th

550 . at the current will be
limited to a value within its r

: ange.  An ammeter should
never be connected across the source of eem.f

would almost certainly burn out immediately

In the voltmeter, the movable coil ,
series with a resistance, so that the instrument may he
connected directly across a source of e.m.f an:ly el
t;.ake only a small current, A volmeter has; high )re-
snstan.ce so as to divert as little current as possih]eg from
the circuit to which it is connected.,
voltmeter protects itself because of its high resistance
but care must be exercised not to apply polentiﬂ \i“ﬂfk ,
ences exceeding the range of the instrument ange
of a voltmeter can be extended if desired b.r
an additional series resistance external to th g
Such an auxiliary resistance is ¢ %

for it

is connected in

In a sense, the

The range
the use of

nstrument.
alled a multiplier,

Ammeter Shunts

A shunt | : tor
s a conductor of low resistance designed to

arry t -
carry the bulk of the line current, while setting up a

potential difference across the terminals of the meter
sufficient to cause the: proper value of current to flow
through the instrument. The resistance of the shunt
for a particular instrument can be found by calculations
involving Ohm's Law. The scale may be, and usually is,
graduated and marked in terms of the.line current to
which its indications are proportiOnal. The meter and
shunt must be properly suited to one another, and
shunts are not interchangeable without due considera-
tion being given to the resistance of the meter.

When calculating the shunt to be used with a meter
movement to extend its range of measurement, all the
laws that apply to parallel circuits are used. It must
be ‘borne in mind, however, that the current-carrying
capacity of the moving coil is the governing factor. Be-
fore a shunt is designed, the resistance of the moving
coil element and-the current to produce a full scale de-
flection must be known. “The resistance of a moving coil
used in typical"ane-milliampere meters produced by
several manufacturers is twenty-seven ohms. Applying
Ohm’s Law, we find that the voltage across the meter
terminals necessary to obtain a full-scale deflection of
one milliampere will be 0.027 volts. Suppose it were
desired to extend the range of such a meter to a full-
scale deflection at 50 milliamperes line current. This will
require a meter shunt that will by-pass all except the one
milliampere needed by the moving coil for a full-scale
deflection. By Ohm’s Law, it was found that 0.027 volts
would cause one milliampere to flow through the mov-
ing coil; therefore, the resistance of the shunt must de-
velop an [R-drop of 0.027 volts when 50-1, or 49
milliamperes flows, By Ohm's Law:

Shunt resistance — S0 0.551 ohm.
; 0.049 :

This shunt can be made from ordinary cotton-covered
copper wire. According to A.LE.E. standards, 1,500
circular-mils for each ampere of current should be al-
lowed, to avoid serious variation in the shunt resistance
due to temperature change. By consulting a wire table
we find that the size of wire that will most nearly carry
49 milliamperes without exceeding its capacity is 31
gauge, which is rated at 53 ma, and has a resistance of
132.7 ohms per 1000 feet. The length of 31-gauge wire
for a shunt with a resistance of 0.551 ohms would be:

0.551

: x 1000 x 12 = 49.7 inches
132.7

This length of wire may be conveniently wound on
4 wooden spool and connected across the meter termi-
nals.

Similar calculations can be used to find the resistance
of any shunt to extend the range of an ammcter. Of

course, when the shunt must carry currents in the vicinity
of 100 amperes, extreme care must be taken to insure
that the contact resistance is low, and that the heat de-
veloped may be adequately dissipated in air.

d3Loy1S3y

Voltmeter Multipliers

A multiplier or external resistance to extend the
range of a voltmeter, is a series resistance whose value
is great enough to limit the current through the moving
coil to its rated value. For instance, a typical one-
milliampere meter with an internal resistance of twenty-
seven ohms can be made into a voltmeter of practically
any range and the scale calibrated in terms of voltage.

The calculation of the values of resistance of a suita-
ble multiplier can be handled the same as that of a
simple series circuit where one resistance is known.
Suppose a multiplier is desired that will enable the
above meter to be used for voltage measurements up
to 250 volts. The total resistance that will limit the
current to one milliampere at a potential difference of
250 volts can be calculated through Ohm's Law:

R— 7\)?(%)17 — 250,000 ohins.

Therefore, the resistance required in series with the
meter would be 250,000 —27, or 249,973 ohms.  Usually
the resistance of the meter is neglected when the value
of the multiplier is over 100 times as great.

Ordinary voltmeters used for circuit indication or for
test purposes are designed around a meter and multiplier
that will provide a_resistance of 1000 ohms per v
across the source of @n.f. %

In using voltmeters thus based on
of ammeters, the user must be sure tk

does not draw so much current that t}
measurement are altered. This is ig

Combination Ammeter and

As was just shown, a simp!
used with appropriate shunts o
either currents or voltages over
possible to mount & single mil
and switch in the shunt or mult}
of individual calibration curves
a multirange scale is providec

Answers to Bas!
1.

Equivalent delta resistance

R, = 4.71 ohms.
R, = 4.00 ohms.
R, = 15.7 ohms.
2 Equivalent resistance 7= 2.3
3.—Current flow through five-voit batic
Direction of current is up.
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