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PREFACE

MODERN printing and almost all processes connected

therewith require power, and power today means

electricity. For such applications electric power is so

extensively employed that we may look to the time when

every machine used by the printer has an electric motor

attached.

It is not necessary for the printer to be an electrical

engineer or to give much study to the fundamental theory

of electricity, but it is essential that he be familiar with the .

broad principles which are in universal application and

with the what and why of the electrical machines that keep

his productive machinery in operation.
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POWER-OPERATED MACHINERY

IN PRINTING HOUSES

THE art of Printing, and all the allied processes which

lead up to and follow it, are so dependent upon power

operated machinery that it is necessary for any one closely

concerned with the actual working of the art to be acquainted

with the principles and practices of the power employed.

The practical printer, electrotyper, engraver, or any of

his brothers, should not only be familiar with the tools and

machines used in his trade, but with the methods of driving

those machines which are not operated by hand, as the suc

cessful operation of the machine often depends as much on

a proper driving equipment as on the machine itself.

In considering the application of power we may divide

the various power-driven machines used in the printing and

allied trades into two general groups : those driven at one

speed only, which we may call constant speed machines,

such as paper-cutters, wire-stitchers, and many other ma

chines used in bookbinding, electrotyping and stereotyping

machinery, etc. , and those which are operated at a number

of different speeds, such as printing presses, folding ma

chines, etc. These two classes of machines require different

treatment from the standpoint of the driving equipment.

The sources of power are as follows: 1: A general

system of overhead shafting and belts, driven from a main

shaft operated by a steam engine, gas engine, electric motor,

or sometimes by a water wheel. 2 : A number of smaller

sets of shafts and belts serving a small group of related

machines, each group driven by a single constant speed

motor; and, 3: An individual electric motor on each

machine, driving it by belt, gear, chain, or direct coupling.
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2 ELECTRIC DRIVE VS. SHAFT DRIVE

Electric Drive vs. Shaft Drive

It is not within the scope of this booklet to enter into a

detailed discussion of the relative merits of shaft drive and

electric drive for printing houses. Indeed, the question is

now very seldom argued, as the advantages of electric drive

are so generally recognized that practically no new printing

houses are established without individual electric drive, and

existing plants now equipped with overhead shafting and

belts are everywhere changing over to the more modern

method of drive.

It is important, however, to bear in mind the various

advantages of individual electric drive, so that the proper

care in the selection and installation of motors may be taken

to insure these advantages being realized.

The advantages of electric drive with individual motors

are as follows:

1. Any desired speed on the machine may be obtained.

This advantage applies of course to variable speed machinery

only. The possibility of speed variation means that the

machine can always be run at a speed best suited to the prod

uct at hand, so that the maximum product can be realized at

the same time that the best quality of product is maintained.

The number of speeds obtainable with overhead shafting

and cone pulleys is limited, and in a great many existing

plants the pulleys are so laid out that all of the speed steps

cannot be used.

2. Individual drive adds greatly to the convenience of

the installation. It means the elimination of overhead shafts,

belts, and countershafts, giving more light and air. It

means that the machine can be set in any position with

respect to other machines, or with reference to its place in

the line of production, and without any reference to the

location of overhead shafts. One machine can easily be

moved to another location. Each machine has more space

around it. The chances of oil and waste dropping on the

stock are eliminated and the bothersome element of floating

dust largely avoided. The very appearance of the plant is
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conducive to better workmanship and the working condi

tions are better.

3. Individual drive of variable speed machinery, such as

printing presses and folders, gives much better control of the

operation of the machine. By means of the modern systems

of automatic electric control the machine may be 'inched,"

started smoothly, brought up to speed quickly and auto

matically, run at different speeds, and instantly stopped

when required, by means of push-buttons. This complete

control means the fewest motions required on the part of

the operator, no loss of time in making ready, or in chang

ing speeds, no loss of time in stopping, rapid production,

and the insurance that the machine is run at the proper

speed.

4. Individual electric drive insures the maximum of safety

to operator and proper protection to the machine. The

compact motor, usually set well out of the way under the

machine, with guarded belt, and equipped with proper auto

matic and push-button stop features incorporated in the

control, greatly reduces the liability to accident as compared

with the shaft drive. It is of great importance, however,

that the best authorities be consulted to insure a successful

equipment.

5. Individual drive will almost always decrease the cost

of power by elimination of the losses in the shafting and

belts, which amount in many plants to a very large percent

age of the total power input to the plant. This is especially

marked where one or two machines are operated overtime

in a belt-driven shop. In such cases the intermediate shaft

ing often consumes more power than the machine itself.

6. Individual drive with electric motors is, if properly

installed and cared for, subject to very low maintenance

expense. Furthermore, accident to the motor on one

machine does not tie up the whole plant, as is the case when

accident happens to the engine or motor driving an entire

shop. If the motor and control apparatus is properly selected

with a view to the service requirements and given reasonable

care the possibilities of breakdown are reduced to a mini

mum. It is not often appreciated how much maintenance
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6 DRIVE BY SHAFTING AND BELTS

is required for the ordinary shafting and belts. Electrical

machinery, all things considered, is the most reliable of any.

Drive by Shafting and Belts

Many existing plants employing belt drive are subject to

improvement in the application of the drives, and require

additions from time to time, so that it is well for the prac

tical printer to be acquainted with the principles of belt drive

as applied to a print shop.

The most important step in the beginning is the general

lay out. Where all the machines going into one room or

bay are known beforehand they can generally be laid out

to facilitate the handling of the stock and with a view

to their accessibility for the progress of the work, as in a

printing and binding plant. The shafting can then be laid

out to secure the fewest countershafts and superfluous belts.

Many plants give the appearance of never having been laid

out, but of having grown by additions, with the result that

not only is power lost through shaft friction and belt slippage

but, what is worse, the speed of machines at a point remote

from the source of power is reduced to too low a value by

this slippage. This means a loss of production which can

only be overcome by tightening up the belts or changing

pulley diameters.

Main and countershafts are generally run at speeds

between 100 and 200 revolutions per minute. The lower

value was common in older shops, but it is now coming to

be recognized that shafts can be run at higher speeds with

out danger of wearing out too rapidly. Ball-bearing hangers

have been extensively introduced to eliminate friction losses,

and with these bearings shafts are operated at much higher

speeds. The higher the speed the greater is the amount of

power a shaft of a given diameter will transmit.

Before the general introduction of electric motors manu

facturers of printing presses arranged the gearing of their

machines so that the driving pulleys ran at speeds around

100 to 150 revolutions per minute (rpm). This corre

sponded with the speed of the overhead shafting, so that

pulleys of nearly equal diameter could be used on the
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countershafting and on the press. This is an important

point to remember when it comes to equipping old presses

with individual motors, as for such machines, with slow

speed driving pulleys, slow speed motors must be used,

otherwise the motor pulley will be so small that it will not

hold the belt or transmit the power.

With shaft drive each machine requiring variable speed

must have a countershaft with cone pulleys, driven from a

corresponding cone pulley on the main shaft. There are

usually three or four steps on the cones, giving as many

different speeds. The driving pulley on the countershaft

has a wide flat face, so that the belt can be shifted from the

tight to the loose pulley on the press for starting and stop

ping the machine. Some machines are provided with clutch-

pulleys, the pulley and belt running continuously while the

shafting is running and the machine proper being started

by throwing in the clutch.

One of the most important things to know about belt

drives of any sort, whether motor drives or drives from

overhead shafting, is how to determine the proper sizes of

pulleys to give the desired speeds.

The rule is as follows: —

Diameter of driving pulley=

Diameter of driven pulley x RPM of driven pulley

„ , RPM of driving pulley

Example:

To illustrate this principle, consider a typical group of

machines as shown in the accompanying figure opposite.

The group is driven by a gas engine which runs at 400

rpm and is fitted with an 18" diam. pulley. It is desired to

run the main shaft at 200 rpm, so applying the formula:—

— —= 36. A 36* main pulley would be fitted to the

main shaft. The auxiliary shaft in the center of the room

is to run at the same speed, so we will put the same size

pulley on each shaft for the belt by which one is to drive

the other.

The cylinder presses are to have a minimum speed equal

to one-half maximum, so the cone pulley will be selected



 

Croup Drive with Gos Engine.
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DRIVE BY SHAFTING AND BELTS 9

so that the countershaft will run twice as fast in one posi

tion as in the other. Assume that the cone on the main

shaft has steps 8", 10", and 12™ in diameter. If the cone

on the countershaft has corresponding steps 16", 14", 12",

the speed of the countershaft will be 200 rpm with the

belt on the large step of the first cone, and 100 rpm, or half

the high speed, with the belt on the small step on the first

cone.

The pulley on the press is to run 150 rpm maximum and

75 rpm minimum. The tight and loose pulleys are 18" in

diameter. Therefore a 13/4 diam. flat face pulley will be

used on the countershaft.

The other pulley diameters are worked out in the same

way. The known quantities are the diameter and speed of

the machine pulleys and the speed of the shafting.

The pulleys used are of solid iron, split steel, or wood.

Solid iron pulleys are best, but split pulleys are satisfactory

in many cases and very easy to install on existing shafting.

Wood pulleys can be . used for light duty and are often

employed for small diameters and wide faces for shifting

belts. Paper and cork-insert pulleys have adhesive qualities

superior to plain iron or steel pulleys, but are not extensively

used in ordinary shaft drives. They are very useful, however,

for motor drives, especially where conditions are severe.

Much trouble with shaft drives is due to improper atten

tion and care of the belts. Until recently very little scien

tific study has been given to the subject of belts and in

consequence many unsatisfactory installations have been

made.

The most common mistakes in the installation of belts

are : Belts too narrow to transmit the power required ; use

of single ply belts where double belts should be used, with

resultant inability to transmit power required; use of belts

with too much tendency to stretch, resulting in belt becom

ing loose and slipping; belt joints laced instead of made

endless; belts not treated with suitable adhesive and pre

servative compound ; belts treated with too much compound

or compound of unsuitable nature; belts soaked in oil,

causing them to slip.



 

RowofSheet-FeedRotaryPressesequippedwithalternatingcurrentmotorsand"fullautomatic"push-button

operatedcontrol.Themotorshavemagneticbrakesforquickstopping.
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It is recommended that belting experts be consulted in

connection with installations of any size, so that belts of

the proper grade and size may be selected. Belts should

be selected which are of the best quality and prefer

ably processed" to prevent damage by moisture and oil.

A type which reaches a permanent set without excess

ive stretching should be selected because belt-tightening

devices are seldom available in shaft driven plants.

Belts differ greatly according to the care taken in select

ing the hides and the tanning process employed. Their

transmitting power varies with the distance between pulley

centres, ratio between pulley diameters, character of pulley

surface, condition of belt surface, degree of tension, and

character of load.

Belts must be kept free from oil and at proper tension.

They should be endless rather than laced.

Electric Motors for Printing Plants

Alternating and Direct Current Circuits: Electric Motors

may be divided into two general classes—direct current and

alternating current. Direct current is found in the central

districts of most large cities, while alternating current is

found in the outlying districts and in most medium and

small cities and towns. The reason for this is that alternat

ing current can be more economically transmitted over long

distances. The alternating current circuits are increasing

in number. Many cities are changing as rapidly as possible

their direct current lines to alternating current lines, espe

cially where the former is 500 volts, because the lighting

and power companies can give better and cheaper service

in alternating current than direct current.

Direct current is supplied over two wires for power and

over three wires for lights. With a three-wire system"

the voltage is usually 230 between the two outer wires, and

these two are used for motors, and 115 volts between

either outside wire and the middle wire or "neutral."

The lamps are connected on the 115 volt arrangement.



 

Direct Current Commutating Pole Type Printing Press Motor.
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Direct current for printing plants, when purchased, is

usually 230, except in a few towns that still supply 500

volts. There are a number of private plants in large print

ing establishments, however, that supply 115 volts.

The standard low" voltage d. c. (direct current) motors

are 115 and 230 volts, and these can usually be safely

operated on 110-120, or 220-240 volts respectively. The

speed will vary almost in proportion to the voltage.

230 volt apparatus is preferable to 500 volt because the

higher voltage is more dangerous and more apt to give

trouble. The 500 volt apparatus is for this reason more

expensive. 230 volt apparatus is preferable to 115 volt

because it involves half the current for the same power and

hence needs much smaller supply wires and the controller

parts can be made lighter and less expensive.

Alternating Current

The growth of alternating current circuits in this country

was not accompanied by a great deal of standardization in

its early stages and there are accordingly a wide variety of

different kinds of circuits which require different motors

to operate on them.

Alternating current circuits have three aspects or charac

teristics, each of which has to be known when motors are

being ordered— the phase, the cycles or frequency, and the

voltage.

Most alternating current systems are three phase, requiring

three wires. Any two of these lines, considered by them

selves, constitute a single phase system. Thus, by tapping

off a two-wire feeder from the three phase system we get a

single phase line. For example, a three phase system in a

large town may have a number of single phase lines running

out into the suburbs. Single phase is of course all that is

needed for lights, but motors to operate on single phase

lines are more expensive and not so simple as three phase

motors except in sizes below one horse power. Three

phase (or two phase, see page 16) should accordingly be

secured by a printing plant wherever possible.



 

Three Phase Alternating Current Printing Press Motor,

variable speed.
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16 ALTERNATING CURRENT

Many large districts have two phase instead of three phase

circuits, for example the United Electric Light and Power

Company circuits in upper Manhattan and the Bronx, and

the North Jersey circuits of the Public Service Corporation

of New Jersey.

A two phase system has four wires, or sometimes three,

the middle one being a sort of neutral in this case. The

use of two phase in the districts where it is employed arose

from the fact that the lighting load can be balanced a little

more easily than on three phase. Most new systems, how

ever, are three phase.

Two phase and three phase motors are alike in their op

erating characters, and are of the same size and cost for the

same output, but three phase motors cannot be run successfully

on a two phase circuit or vice versa.

Single phase motors can be run on any two wires of a

two or three phase circuit. Many power companies require

the use of single phase motors in sizes under three or five

horse power in certain districts, but from the standpoint of

the printer the two or three phase is preferable except in

the smaller sizes.

Alternating current alternates," or changes its direction,

a great many times a second. The number of changes or

cycles per second is the frequency. The usual frequency

in this country is sixty cycles, and most alternating current

power for industrial purposes is distributed at this frequency,

although a great deal of power is still generated at 25 cycles,

because this used to work better in the rotary converters

which change over a. c. (alternating current) to d. c. for rail

roads, and other purposes. Much of the power in New York

City, for example, is generated at 25 cycles a. c. and con

verted to 230 volts d.c. Many 25 cycle individual circuits, on

which printing plants exist, are in use, for example Buffalo

and Niagara Falls. There are a few 40 cycle circuits, such

as Albany and Troy, and a few 50 cycles, as Los Angeles.

The early a. c. circuits were single phase, before poly

phase systems were developed, and were operated at 125 or

133 cycles. There are only a very few of these left,

however, in small and remote towns in the East.



 

Cutter driven by Alternating Current Motor. The

motor is mounted on a special bracket on the ma

chine, and is well off the floor. The motor is

started and stopped by an enclosed drum type

switch at the operator's left.
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18 DIRECT CURRENT

Alternating current is supplied to printing plants at 110,

220, 440, or 550 volts in this country. 220 volts is the

most common. The 440 and 550 volt circuits are less

objectionable on a.c. than 500 volts on d.c. , and are in

fact quite advantageous on account of the small current

required and hence the smaller supply wires needed.

Motor Characteristics

It is of importance to be thoroughly familiar with the

main characteristics of alternating and direct current motors,

as affecting their operation on printing machinery, in order

to select them with intelligence and profit.

Direct Current Motors

Direct current motors are classed according to their

windings; as shunt, series, and compound wound.

Shunt wound motors have a speed at no-load 5 to 10%

higher than at full load. That is, the speed is practically

independent of the load. The shunt motor is used on

machines which do not require heavy starting torque, or are

not subjected to sudden heavy loads; for example, small job

presses, folders, stitchers, saws, blowers, line shaft drive,

belted motors on rotary newspaper presses with separate

mechanical slow motion.

Series wound motors have a speed which depends on the

load, decreasing as the load increases. Series motors are

used on street railways and locomotives and cranes, but have

little application in printing houses except for the lifting or

receiving tables of some sheet delivering web presses, hoists

for paper rolls, and kindred applications.

Compound wound motors have a combination of series

and shunt windings. The series winding helps to produce

a heavy starting torque, and give the motor a speed varia

tion between no-load and full load of between 10 and 30%

depending on the design. They are especially suited to flat

bed presses, embossing presses, cutting machines, and, in

general, machines requiring heavy starting torque, or having

a reciprocating motion, or having heavy fly wheels. When
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applied to flat-bed presses, for example, a compound wound

motor should start up the press under compression if

necessary, and will slow down a little on reversal, thus

cushioning itself, and allowing the fly wheel to do some of

the work it is intended to do.

The speed of direct current motors is varied by means

of inserting a resistance in series with the armature (ar

mature control) or in series with the field (field control).

The former method is the cheapest, but the speed reduc

tion obtained is dependent on the load and the current

consumed is nearly as much at low speeds (and conse

quently low power on the press) as at high speeds and

high power, so that it is very wasteful of current.

The normal speed of a motor is the speed at full rated

load, hot (with the windings heated up), without resistance

in armature or field circuit. Armature control can only

reduce this speed, usually fifty per cent. If the motor is a

5 HP, for example, the standard resistance reduces the

speed 50 or 60%, when the load is 5 HP at normal speed.

If the load is only 3 HP, the speed reduction will be only

about 25 % with the same resistance. This point must be

remembered.

By inserting resistance in the field circuit the speed is

raised, the percentage of increase depending on the charac

teristics of the motor, the motor speed, and the maximum

which the speed of the driven machine will allow. The

current consumption throughout the range of field control

is in proportion to the load, hence is less at low speeds than

at high. Therefore field control should be used on direct

current motors of any considerable size where it is desired

to conduct actual operations on machines at a number of

different speeds.

The following example will illustrate the selection and

characteristics of a direct current motor.

Example

A motor is desired to operate a No. 3-E Whitlock

Press. It is known that three horse power is required.



 

Job Press driven by direct current motor mounted on pedestal. An

automatic controller is mounted beside the motor. The controller

is actuated by a switch linked to the brake lever. The press is started

and stopped by releasing and applying the brake lever.

20
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We cannot now at once select a "standard" speed motor,

or the least expensive three horse power motor available.

Reference to data on this press shows that its maximum

speed is about 2100 impressions per hour, that the max

imum diam. of press pulley is 26", and that this pulley

makes 5 turns for one impression. 2100 I. P. H. is 35 sheets

a minute, and this times 5 gives 175 rpm of the press

pulley. Now the press shaft speed in rpm must bear a

certain relation to the speed of the motor. In general the

motor speed should not be more than 6 times as fast as

the press-speed, except in small sizes, since the ratio

between the pulley diameters is the inverse of the ratio

between the speeds, and to use too high a speed motor

may result in a motor pulley so small in diameter that a belt

heavy enough to transmit the power cannot bend around

jt and grip it close enough to prevent excessive slipping,

because of the small arc of contact.

In the case in point, 26" divided by 6 gives 4J4\ which

is a large enough diam. for the motor pulley in this instance.

175 rpm multiplied by 6 gives 1050 rpm, which must be

the maximum motor speed.

Now as we have direct current in our typical installation

we can use some field control," and get part of our range

of speed variation without sacrifice of economy. Let us

therefore select a motor running at 825 rpm, tiormal—this

being a standard slow speed.

The motor should be compound wound for this class of

service.

The controller to be selected will provide for increasing

the speed by field control from 825 rpm to 1050 rpm, and

decreasing it from 825 to about 450 rpm by armature control.

The above example has been cited because the press has

a low ratio, that is, a small number of turns of the fly wheel

per impression. There are many such presses, indeed

most of the old types were so designed, and the example

shows that care must be taken to get the correct data on a

press before selecting a motor to drive it.

Presses having high ratios, for example, a New Miehle 4

Roller (12:1), a 10-K Cottrell (9.6:1) Whitlock Premier
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GY (13 4/16:1) or a New Babcock No. 11, Optimus

(10:1), can utilize to advantage the "standard" speed

motors, running at 1000 to 1300 rpm normal.

If in our example above the current had been alternating

we would have selected a motor rated 900 rpm (60 cycles).

In this case the speed variation is all a reduction below

normal, hence the high speed of press corresponds to

normal or full load speed of motor. The pulley would

have been 5" in diam. instead of 4^", as the maximum

speed is 900 instead of 1050 in the d.c. motor.

Controllers

Quite as important as the selection of the proper motor is

the selection of the proper controller. Equipments which

would otherwise be successful often fail because of im

properly chosen control.

The best results are secured by the purchase of both

motor and control apparatus from a thoroughly reliable

firm which manufactures both, brings them into harmonious

relation, and assumes the responsibility for their combined

successful operation.

Automatic control, in which the variable elements of

the human equation are very largely eliminated, has now

reached so high a state of perfection, and at so reasonable

a price, that there is no reason why it should not be installed

everywhere.

No attempt will be made here to enter into the develop

ment of the modern printing press control, which is one of

the most interesting chapters in electrical history, but a

brief description will be given of the control devices as they

exist today with a view to assisting in the selection of the

proper apparatus. The discussion will treat first of direct

current and then of alternating current apparatus.

Direct Current— Constant Speed Motors

Small d.c. motors up to /4-HP. may be connected

directly to the circuit by means of a snap switch or knife
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switch, without a starter, if the motor is compound wound ;

very slow speed shunt motors, for example, a X-HP.

345-rpm motor for linotype machines, may be similarly

started.

Larger motors require a starter to cut down the current

inrush and prevent sticking" of the armature. Hand

starters are cheapest, but automatic starters are recom

mended. The automatic starters require only the closure

of a knife or snap switch, or push-button, to start the

motor, the cutting out of resistance being automatically

performed by the starter. This method saves time, saves

wear and tear on the starter, insures smooth acceleration,

saves the machine and the motor from shocks, and lessens

the possibilities of accident. The starter should be enclosed,

if mounted on or near the machine, in a metal box. This

is regularly done in electrotyping plants, for example,

because of the dirt and black lead, but the time is coming

when it will be done in all installations.

Direct Current— Variable Speed Motors

Control apparatus for variable speed motors has passed

through many stages, and the development of the electrical

art in this particular has been an almost continuous progress

towards greater simplicity and reliability, combined with

perfect control over all the operations of the machine.

It is through the control that the pressman comes into

personal contact with the electrical equipment—for the

motor is out of- sight and out of mind, usually, and is for

gotten so long as it does its work. But every operation 6f

a press, and the larger the press the more will be the

number of operations—starting, stopping, slowing down

and speeding up, requires some movement of the control

apparatus on the part of the pressman.

The modern controller has reduced the operations nec

essary by eliminating the hand lever of the old controller

and substituting a few push-buttons mounted in a well
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protected and enclosed box or station. From this push

button station all of the operations of the press are con

ducted. The controller proper is mounted on the wall or

on a post near the press.

For flat-bed and small rotary presses the push-buttons

provide for jogging, "inching," starting and running at

slow speed, running at maximum speed, (as determined by

the position of a hand-set dial on the controller, which pro

vides for a large number of speeds,) slowing down to

minimum speed, and stopping.

It is significant of the great progress made in the art that

these push-button operated controllers for flat-bed presses

sell for little more than the old hand-operated controls, and

at the same time they facilitate faster work, involve less lost

time in making-ready, secure more even acceleration,

require less attention and maintenance, last longer, give less

trouble, and, in short, produce more product at less cost

and with greater safety to the operator.

Some little care is to be observed, however, but this is

nothing compared with that needed under other systems of

manual control, and if the equipment is properly installed

it is practically fool-proof.

To secure the best results the motor and control appara

tus should be purchased from one firm making a specialty

of both for this particular class of service to insure proper

coordination and undivided responsibility.

Much trouble results from not properly adapting the

controller to the motor or vice versa.

For newspaper web presses, in the large sizes, the control

is even more automatic than described above. The machine

requires control from a number of different points and

special attention to safety and to smooth acceleration. To

this end the push-buttons provide for complete control of

any speed, high, low, and intermediate, and for a very slow

and steady speed for threading in the web. The control of

newspaper presses is too complicated a subject for this brief

pamphlet, so only passing mention of it can be made.

For job presses, plain speed regulators of various types

are used, but here as in flat-bed presses a form of automatic
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control is available which tends towards increased con

venience and greater production. The automatic speed

regulator for job presses consists of a hand-set dial like

that of the ordinary regulator combined with a self-starter.

The handle of the dial is set to the position corresponding

to the desired speed and the press started and stopped by

means of a snap switch, push-button or knife switch. In

this way the time of the operator is saved, he has less

to attend to so far as the electrical part of the outfit is

concerned, and the press is driven at the proper speed.

A word should here be said about self-starters for constant

speed motors as used on cutters, bookbinding machinery,

electrotyping machinery and the like. Self-starters are so

cheap and so rugged that they should be used wherever

possible, as they save time, protect the motor and machine,

and require less attention than hand starters. To start

the machine all that is needed is to close a knife switch or

push-button.

Alternating Current Control

Alternating current control has reached a point of per

fection where the line of apparatus available parallels the

better known d. c. control throughout. Aside from certain

inherent limitations of the ordinary alternating current motor,

such as the absence of field control, the a. c. installation can

afford all the features of excellent speed variation, push

button operation, convenience, and substantial construction,

enjoyed by the better known d. c. installation.

For the larger flat-bed presses the control is similar to the

predetermined-set-speed type described under d. c. control.

For the small job presses a dial type regulator is used,

which can be set to any desired speed and the motor started

and stopped by means of a knife switch.

For the large newspaper presses the automatic push

button control on a. c. is fully as complete and effective as

the d. c. control and works in just the same way.
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Selection and Care ofApparatus

Control apparatus for electric motors, and especially

automatic control, is of course more or less complicated in

structure however simple in operation. It is not within the

scope of this pamphlet to enter into the theory and detail of

electric control.

It is well, however, to point out here a few general points

which should be borne in mind because they are matters

with which the operators of electrically controlled printing

machinery have directly to do.

1st. Selection of apparatus. Place the matter of furnish

ing your control apparatus in the hands of a concern of

experience and manufacturing ability and equipped with a

competent construction force to install and look after it from

time to time.

2nd. Specify clearly what you want to accomplish in the

way of speed and output of your machine under different

conditions. Do not for safety's sake" get the equipment

so large that it is inefficient or, for the sake of economy in

first cost, get an equipment so small that it cannot perform

its functions properly.

3rd. Remember that in most forms of control the speed

of your machine will depend on the load. A press run

ning without web, paper, form, or rollers does not run so

slow with the same control as when fully loaded. This is

especially true on alternating current circuits.

4th. Operate the equipment with reasonable care and

respect. Don' t move controller handles suddenly and nerv

ously. Press push-buttons positively, firmly, and not so

quickly and jerkily that contact is not firmly made. A little

skill with the electric control is all that is needed and is as

easily acquired as any of the other operations about a press.

5th. Electric apparatus requires perhaps less care than

any part of the press it operates, but it won' t run forever

without attention. Keep the motor clean ; keep the bearings

properly oiled ; keep excessive oil away from the motor and

belt; keep the controller clean, especially all points that



 

Job Press driven by single phase alternating current

motor. The motor is mounted on a pedestal and the

speed is controlled by a foot treadle, leaving the hands

free. An enclosed starting switch is mounted under

the feed board, convenient to the operator.

29



30 SELECTION AND CARE OF APPARATUS

make contact. Most electrical troubles arise from neglect

or abuse of the apparatus. Care for it as you do for the

press.

6th. Electricity is now ah essential part of a print shop

and is an element worthy of regard just as much as the

question of oiling the press, caring for the rollers, etc. Do

not think you can disregard it. Find out from your elec

trician or from the man who installs the equipment all you

can about how it works and how to care for it This will

be your own insurance against trouble.

7th. If you are buying apparatus, buy with a broad view

to your best interests. This does not mean merely getting

the cheapest price. The best will always pay for itself in

the end. Many a buyer has set up a bargain counter and

found that after the lowest bidder had been beaten down

lower and secured the contract there was nothing left for

service and emergencies. Such a buyer places himself in

the end at the mercy of the none-too-willing seller.

8th. When you buy, buy early. Don' t wait until the last

minute to place your order. Make up your mind, waste as

little time as possible, and give the seller plenty of time.

Many an expensive delay is thus avoided.
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QUESTIONS

1. Into what two general groups are the machines used

in a printing plant divided?

2. What are the sources of the power by which the

machines are driven?

3. What method of drive is now generally employed?

4. How many distinct advantages are enumerated

belonging to electric drive with individual motors?

5. Name and explain each of these advantages.

6. Why should we study drive by shaft and belt?

7. What is the first thing to consider in a system of

shaft drive? Why?

8. What is the general speed of shafting?

9. What made possible the increase of speed?

10. What is the advantage of higher speed ?

11. What was the speed of driving pulleys before the

general introduction of electric motors?

12. What did this correspond with, and what was the

result? \

13. What must be remembered if you change from shaft

drive to motor drive?

14. What happens if you put a high speed motor on a

press with a slow speed driving pulley?

15. What is the rule for determining the proper size of

driving pulley to give any desired speed in belt drives ?

16. Given an engine which runs at 300 rpm, fitted with

a 12-in. pulley, it is desired to run the main shaft

at 150 rpm: what size pulley should be fitted to

the main shaft?

17. What would you do to make an auxiliary shaft run at

the same speed?

18. What device is used to provide for varying the speed

of the press ?

19. What are the known quantities in figuring the various

pulley diameters?

20. Of what materials are pulleys made, and what is the

use of each?
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21. What is one of the greatest sources of trouble with

shaft devices ?

22. What are the most common mistakes in the installa

tion of belting?

23. What should be done to avoid these difficulties?

24. What are some of the causes of difference in the

transmitting power of belts?

25. What general principles should be observed in install

ing belting?

26. What are the general classes of electric motors?

27. Where is each class generally found, and why?

28. What change is being made in many cities, and why?

29. How is direct current supplied ?

30. What is the usual voltage over a three-wire system?

31. How is power supplied for lamps?

32. What is the voltage usually used in printing shops?

33. What is the relation between voltage and speed?

34. What voltage is preferable, and why?

35. What are the three aspects of alternating current

circuits ?

36. What is an alternating current system requiring three

wires called?

37. What do any two of the three wires constitute?

38. How may the two varieties be combined?

39. Which variety is used for lights?

40. Which variety is used for motors?

41. Which variety should a printing plant have?

42. What is an alternating current system with four wires

called ?

43. What two kinds of motors are alike in operating

characteristics, use and cost?

44. What can you say of the relations between type of

motor and kind of circuit?

45. What is an alternating current?

46. What is the meaning of cycle"?

47. What is the usual cycle in this country?

48. Are generation and distribution at the same cycle

rate? Why?
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49. What is the usual voltage of alternating current as

supplied to printing plants?

50. What comparison can you make between high vol

tage alternating current and high voltage direct

current?

51. Name and describe the three types of direct current

motors.

52. Name and describe the methods of varying the speed

of direct current motors.

53. What is "normal speed" ?

54. What is the effect of each of the methods of speed

and control?

55. How can you best secure proper control apparatus?

56. What is the best kind of control apparatus?

57. Describe the starting mechanism of small direct

motors.

58. Describe the starting mechanism of larger motors.

59. How does the pressman come into personal contact

with the electrical equipment?

60. How are the operations of the press conducted ?

61. What can you do with push-buttons on a flat-bed

press ?

62. What advantages have controllers operated by push

buttons over' those operated by hand?

63. What should be done to secure the best results from

the controllers, and why?

64. What can you say of the automatic control of web

presses?

65. Describe an automatic speed regulator for job presses.

66. What can you say about self-starters for constant

speed motors?

67. What can be done in the control of alternating current?

68. What is the control for larger flat-bed presses? for

small job presses? for web presses?

69. What eight points should be observed in the selection

and care of control apparatus?

NOTE— It will be observed that no questions are given on the example illustrating the
selection and characteristics of a direct control motor which appears on pages 19, 20. 21 and
22. This example should be carefully explained by the instructor and its principles illus
trated by reference to the machinery in the plant.
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GLOSSARY

Alternating Current—That kind of electric current which changes

its direction many times a second. Has certain characteristics

which make it peculiarly advantageous for some applications.

Armature—The revolving element of an electric motor.

Armature Control—A method of varying the speed of a motor by

inserting resistance in the armature circuit to reduce the speed

below normal ; speed variation depends on load.

Automatic Control—A method of starting, stopping and changing

the speed of a motor whereby push-buttons are used instead of a

lever to be moved by hand.

Automatic Starter—A starting device for electric motors which

performs its functions automatically upon closure of a switch or

push-button.

Bay—A section or division of a large open room or building.

Compound Wound—A type of winding of direct current electric

motors which gives a high starting torque and causes them to

slow down somewhat on heavy loads, as where a flat-bed press

reverses.

Cone Pulley—A pulley having several steps of different diameters.

Controller—A device for varying the speed of a motor.

Countershaft—An auxiliary shaft parallel to a main shaft and

belted to it.

Current—The amount of flow of electricity in the wires, measured

in units called amperes.

Cycles—The changes per second in direction of flow of alternating

current electricity, e.g., 60-cycles.

Direct Current—That kind of electric current which always flows

in the same direction.

Field—The stationary element of an electric motor.

Field Control—A method of varying the speed of an electric

motor (direct current only) by inserting resistance in the "field"

circuit, to increase the speed above normal. Speed variation

independent of load.

Frequency—The numbei of changes per second of flow of alternat

ing current electricity. See Cycles.

Group Drive—A method of applying power to a number of ma

chines in a group by belting them to a countershaft which is in

turn driven by one motor.
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Hand Starter—A starting device for electric motors operated by

hand and not by push-buttons.

High Speed Motor—A motor having a normal speed of 1800 rev

olutions per minute or thereabouts.

Inching—Causing the moving elements of a machine to act through

a very small distance.

Individual Drive—A method of applying power to machines by

connecting a motor to each machine.

Input—The power supplied or drawn from the line by a motor

driving a machine.

Knife Switch—An open switch for opening and closing an electric

circuit.

Load—The amount of turning effort required of a motor—measured

usually in units of electric current or amperes.

Normal Speed — The rated speed of a motor as marked on the

nameplate, without resistance in armature or field circuit.

Phase—The characteristic of an alternating current circuit describing

the number of current impulses per cycle, e. g. , single phase—one

impulse per cycle; three phase—three overlapping impulses per

cycle.

Polyphase—More than one phase, i. e. , two or three phase.

Predetermined Speed Controller—A push-button operated con

troller for electric motors which brings the motor speed up to a

point determined by the position of an arm on the controller,

the arm being adjustable.

Ratio—The number of turns of the fly wheel of a press for one im

pression, e.g., a press having 12 turns is said to be "high ratio."

Regulator—Same as controller, but usually applied only to hand-

operated speed changing devices. Applied also to any device for

regulating some part of the electric circuit.

Resistance—A system of wires or other material which impedes the

flow of electric current and reduces the electric pressure or volts.

Self-Starter—Same as automatic starter.

Series Wound—A type of winding of direct current motors which

gives a very high starting torque and causes the motor to run very

slow at heavy loads and very fast at light loads.

Shunt Wound—A type of winding of direct current motors which

gives a moderate starting torque and causes the motor to run at

constant speed with varying load, except as varied by a controller.

Single Phase—A type of alternating current circuit involving a single

current impulse per cycle and requiring only two wires.

Slow Speed Motor—A motor whose normal speed is from 400 to

800 revolutions per minute.



36 GLOSSARY

Snap Switch—An enclosed switch for making and breaking electric

circuits, with a snap or quick brake action.

Step—A division of an electric controller, giving a change in speed,

e. g., "50% speed reduction in 8 steps."

Three Phase—A type of alternating current circuit requiring three

wires and involving three current impulses per cycle.

Three-Wire System—A method of connecting wires for a direct

current or single phase circuit whereby two two-wire circuits are

combined and one wire omitted. Not the same as three phase.

Torque—The turning effort or pull of an electric motor.

Two Phase—A type of alternating current circuit requiring three or

four wires and involving two current impulses per cycle.

Voltage —The electric pressure under which the electric current

flows. The pressure is measured in units called volts.
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TYPOGRAPHIC TECHNICAL SERIES for APPRENTICES

PART I— Types, Tools, Machines, and Materials

1. Type: a Primer of Information . By A. A. Stewart

Relating to the mechanical features of printing types; their sizes, font schemes, etc ,
with a brief description of their manufacture. 44 pp.; illustrated; 74 review questions;
glossary.

2. Compositors9 Tools and Materials By A. A. Stewart

A primer of information about composing sticks, galleys, leads, brass rules, cutting
and inhering machines, etc. 47 pp. ; illustrated; 50 review questions; glossary.

3. Type Cases, Composing Room Furniture By A. A. Stewart

A primer of information about type cases, work stands, cabinets, case racks, galley
racks, standing galleys, etc. 43 pp ; illustrated; 33 review questions; glossary.

4. Imposing Tables and Lock-up Appliances By A. A.Stewart

Describing the tools and materials used in locking up forms for the press, including
some modern utilities for special purposes. 59 pp. ; illustrated; 70 review questions;
glossary.

5. Proof Presses By A. A. Stewart

A primer of information about the customary methods and machines for taking printers'
proofs. 40 pp.; illustrated; 41 review questions ; glossary.

6. Platen Printing Presses ... By Daniel Baker

A primer of information regarding the history and mechanical construction of platen
printing presses, from the original hand press to the modern job press, to which is
added a chapter on automatic presses of small size. 51 pp.; illustrated; 49 review
questions; glossary.

7. Cylinder Printing Presses . By Herbert L. Baker

Being a study of the mechanism and operation of the principal types of cylinder
printing machines. 64 pp. ; illustrated; 47 review questions; glossary.

8. Mechanical Feeders and Folders By William E. Spurrier

The history and operation of modern feeding and folding machines; with hints on
their care and adjustments. Illustrated; review questions; glossary.

9. Power for Machinery in Printing Houses By Carl F. Scott

A treatise on the methods of applying power to printing presses and allied machinery,
with particular reference to electric drive. 53 pp.; illustrated; 69 review questions ;
glossary.

10. Paper Cutting Machines ... By Niel Gray, Jr.

A primer of information about paper and card trimmers, band-lever cutters, power
cutters, and other automatic machines for cutting paper. 70 pp.; illustrated; 115
review questions; glossary.

11. Printers' Rollers . . . By A. A. Stewart

A primer of information about the composition, manufacture, and care of inking
rollers. 46 pp.; illustrated; 61 review questions; glossary.

12. Printing Inks By Philip Ruxton

Their composition, properties and manufacture (reprinted by permission from Cir
cular No. 53, United States Bureau of Standards) ; together with some helpful sugges
tions about the everyday use of printing inks by Philip Ruxton. 80 pp.; 100 review
questions; glossary.
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PART I (continued)—Paper and Printing Plates

13. How Paper is Made . By William Bond Wheelwright

A primer of information about the materials and processes of manufacturing paper
for printing and writing. 68 pp. ; illustrated; 62 review questions; glossary.

14. Relief Engravings ... By Joseph P. Donovan

Brief history and non-technical description of modern methods of engraving: wood
cut, zinc plate, halftone; kind of copy for reproduction; things to remember when
ordering engravings. Illustrated; review questions; glossary.

15. Electrotyping and Stereotyping

By Harris B. Hatch and A. A. Stewart

A primer of information about the processes of electrotyping and stereotyping. 94 pp. ;
illustrated; 129 review questions ; glossaries.

PART II—Hand and Machine Composition

16. Typesetting By A. A. Stewart

A Handbook for beginners, giving information about justifying, spacing, correcting,
and other matters relating to typesetting. Illustrated; review questions; glossary.

17. Printers' Proofs . . By A. A. Stewart

The methods by which they are made, marked, and corrected, with observations on
proofreading. Illustrated; review questions ; glossary,

18. First Steps in Job Composition By Camille DeVeze

Suggestions for the apprentice compositor in setting his first jobs, especially about the
important little things which go to make good display in typography. 63 pp.;
examples; 55 review questions; glossary.

19. General Job Composition

How the job compositor handles business stationery, programs and miscellaneous
work. Illustrated; review questions ; glossary.

20. Book Composition . By J. W. Bothwell

Chapters from DeVinne's "Modern Methods of Book Composition," revised and
arranged for this series of text-books by J. W. Bothwell of The DeVinne Press, New
York. Part I: Composition of pages. Part II: Imposition of pages. 229 pp.;
illustrated; 525 review questions; glossary.

21. Tabular Composition ... By Robert Seaver

A study of the elementary forms of table composition, with examples of more difficult
composition. 36 pp.; examples; 45 review questions.

22. Applied Arithmetic . By E. E. Sheldon

Elementary arithmetic applied to problems of the printing trade, calculation of mate
rials, paper weights and sizes, with standard tables and rules for computation, each
subject amplified with examples and exercises. 159 pp.

23. Typecasting and Composing Machines A. W. Finlay, Editor

Section I—The Linotype By L. A. Hornstein

Section II—The Monotype By Joseph Hays
Section III—The Intertype By Henry W.Cozzens
Section IV—Other Typecasting and Typesetting Machines . By Frank H. Smith

A brief history of typesetting machines, with descriptions of their mechanical prin
ciples and operations. Illustrated; review questions; glossary.
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PART III—Imposition and Stonework

24. Locking Forms for the Job Press By Frank S. Henry

Things the apprentice should know about locking up small forms, and about general
work on the stone. Illustrated; review questions; glossary.

25. Preparing Forms for the Cylinder Press By Frank S. Henry

Pamphlet and catalog imposition; margins; fold marks, etc. Methods of handling
type forms and electrotype forms. Illustrated; review questions ; glossary.

PART IV—Presswor*

26. Making Ready on Platen Presses By T. G. McGrew

The essential parts of a press and their functions; distinctive features of commonly
used machines. Preparing the tympan, regulating the impression, underlaying and
overlaying, setting gauges, and other details explained. Illustrated; review
questions; glossary.

27. Cylinder Presswork . . . By T. G. lVlcGrew

Preparing the press; adjustment of bed and cylinder, form rollers, ink fountain,
g rippers and delivery systems. Underlaying and overlaying; modern overlay
methods. Illustrated; review questions; glossary.

28. Pressroom Hints and Helps . By Charles L. Dunton

Describing some practical methods of pressroom work, with directions and useful
information relating to a variety of printing-press problems. 87 pp.; 176 review
questions.

29. Reproductive Processes ofthe Graphic Arts ByA.W. Elson

A primer of information about the distinctive features of the relief, the intaglio, and
the planographic processes of printing. 84 pp.; illustrated; 100 review questions;
glossary.

PART V—Pamphlet and Book Binding

30. Pamphlet Binding ... By Bancroft L. Goodwin

A primer of information about the various operations employed in binding pamphlets
and other work in the bindery. Illustrated; review questions; glossary.

31. Book Binding ..... By John J. Pleger

Practical information about the usual operations in binding books: folding, gathering,
collating, sewing, forwarding, finishing. Case mnking and cased-in books. Hand
work and machine work. Job and blank-book binding. Illustrated; review ques
tions; glossary.

PART VI—Correct Literary Composition

32. Word Study and English Grammar By F. W. Hamilton

A primer of information about words, their relations, and their uses. 68 pp.; 84
review questions; glossary.

33. Punctuation . . By F. W. Hamilton

A primer of information about the marks of punctuation and their use. both gram
matically and typographically. 56 pp.; 59 review questions; glossary.
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PART VI (continued)—Correct Literary Composition

34. Capitals By F. W. Hamilton

A primer of information about capitalization, with some practical typographic hints
as to the use of capitals. 48 pp. ; 92 review questions; glossary.

35. Division of Words . . . . By F. W. Hamilton

Rules for the division of words at the ends of lines, with remarks on spelling, syllabi
cation and pronunciation. 42 pp. ; 70 review questions.

36. Compound Words . . By F. W. Hamilton

A study of the principles of compounding, the components of compounds, and the
use of the hyphen. 34 pp. ; 62 review questions.

37. Abbreviations and Signs . . By F. W. Hamilton

A priniet of information about abbreviations and signs, with classified lists of those
in most common use. 58 pp.; 32 review questions.

38. The Uses of Italic .... By F. W. Hamilton

A primer of information about the history and uses of italic letters. 31 pp.;
37 review questions.

39. Proofreading By Arnold Levitas

The technical phases of the proofreader's work; reading, marking, revising, etc ;
methods of handling proofs and copy. Illustrated by examples. 59 pp. ; 69 review
questions; glossary.

40. Preparation of Printers* Copy . By F. W. Hamilton

Suggestions for authors, editors, and all who are engaged in preparing copy for the
composing room. 36 pp. ; 67 review questions.

41. Printers' Manual of Style

A reference compilation of approved rules, usages, and suggestions relating to uni
formity in punctuation, capitalization. abbreviations, numerals, and kindred features
of composition.

42. The Printer's Dictionary . By A. A. Stewart

A handbook of definitions and miscellaneous information about various processes of
printing, alphabetically arranged. Technical teims explained. Illustrated.

PART VII—Design, Color, and Lettering

43. Applied Design for Printers . . By Harry L. Gage

A handbook of the principles of arrangement, with brief comment on the periods of
design which have most influenced printing. Treats of harmony, balance, proportion.
and rhythm; motion; symmetry and variety; ornament, esthetic and symbolic. 37
illustrations; 46 review questions; glossary; bibliography,

44. Elements of Typographic Design By Harry L. Gage

Applications of the principles of decorative design. Building material of typography:
papet. types, ink, decorations and illustrations. Handling of shapes. Design of com
plete book, treating each part. Design of commercial forms and single units

Illustrations; review questions; glossary; bibliography.
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PART VII (continued)—Design^ Co/or, and Lettering

45. Rudiments of Color in Printing . By Harry L. Gage

Use of color: for decoration of black and white, for broad poster effect, in combinations
of two, three, or more printings with process engravings. Scientific nature of color,
physical and chemical. Terms in which color may be discussed : hue, value, intensity.
Diagrams in color, scales and combinations. Color theory of process engraving.
Experiments with color. Illustrations in full color, and on various papers. Review
questions; glossary; bibliography.

46. Lettering in Typography . . By Harry L. Gage

Printer's use of lettering: adaptability and decorative effect. Development of historic
writing and lettering and its influence on type design. Classification of genera!
forms in lettering. Application of design to lettering. Drawing for reproduction.
Fully illustrated; review questions; glossary; bibliography.

47. Typographic Design in Advertising By Harry L. Gage

The printer's function in advertising. Precepts upon which advertising is based.
Printer's analysis of his copy. Emphasis, legibility, attention, color. Method of
studying advertising typography. Illustrations; review questions; glossary bibli

ography

48. Making Dummies and Layouts . By Harry L. Gage

A layout: the architectural plan. A dummy: the imitation of a proposed final effect.
Use of dummy in sales work. Use of layout. Function of layout man. Binding
schemes for dummies. Dummy envelopes. Illustrations; review questions; glossary;
bibliography.

PART VIII— History of Printing

49. Books Before Typography . By F. W. Hamilton

A primer of information about the invention of the alphabet and the history of book-
making up to the invention of movable types. 62 pp. ; illustrated ; 64 review questions.

50. The Invention of Typography . By F. W. Hamilton

A brief sketch of the invention of printing and how it came about. 64 pp.; 62
review questions.

51. History of Printing—Part I . By F. W. Hamilton

A primer of information about the beginnings of printing, the development of the
book, the development of printers1 materials, and the work of the great pioneers.
63 pp.; 55 review questions.

52. History of Printing— Part II . By F. W. Hamilton

A brief sketch of the economic conditions of the printing industry from 1450 to 1789,
including government regulations, censorship, internal conditions and industrial
relations. 94 pp. ; 128 review questions.

53. Printing in England By F. W. Hamilton

A short history of printing in England from Caxton to the present time. 89 pp.;
65 review questions.

54. Printing in America . . By F. W. Hamilton

A brief sketch of the development of the newspaper, and some notes on publishers
who have especially contributed to printing. 98 pp. ; 84 review questions.

55. Type and Presses in America By F. W. Hamilton

A brief historical sketch of the development of type casting and press building in the
United States. 52 pp.; 61 review questions.
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PART IX—Cost Finding and Accounting

56. Elements of Cost in Printing . . By Henry P. Porter

A primer of information about all the elements that contribute to the cost of printing
and their relation to each other. Review questions. Glossary.

57. Use of a Cost System . . . By Henry P. Porter

The Standard Cost-Finding Forms and their uses. What they should show. How
to utilize the information tbey give. Review questions. Glossary.

58. The Printer as a Merchant . . By Henry P. Porter

The selection and purchase of materials and supplies for printing. The relation of
the cost of raw material and the selling price of the finished product. Review
questions. Glossary.

59. Fundamental Principles ofEstimating By Henry P. Porter

The estimator and bis work; forms to use; general rules for estimating. Review
questions. Glossary.

60. Estimating and Selling . . .By Henry P. Porter

An insight into the methods used in making estimates, and their relation to selling.
Review questions. Glossary.

61. Accounting for Printers . . - By Henry P. Porter

A brief outline of an accounting system for printers; necessary books and accessory
records. Review questions. Glossary.

PART X—Miscellaneous

62. Health, Sanitation, and Safety . . By Henry P. Porter

Hygiene in the printing trade; a study of conditions old and new; practical sug
gestions for improvement; protective appliances and rules for safety.

63. Topical Index . . . By F. W. Hamilton

A book of reference covering the topics treated in the Typographic Technical Series,
alphabetically arranged.

64. Courses of Study . . . By F. W. Hamilton

A guidebook for teachers, with outlines and suggestions for classroom and shop work.
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