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PREFACE

This book of problems is the result of four years’ experimen-
tation in the endeavor to make the instruction in mathematics
of real service in the training of pupils for their future work.
There is at the present time a widespread belief among teach-
ers that the formal, abstract, and purely theoretical portions
of algebra and geometry have been unduly emphasized. More-
over, it has been felt that mathematics is not a series of dis-
crete subjects, each in turn to be studied and dropped without
reference to the others or to the mathematical problems that
arise in the shops and laboratories. Hence we have attempted
to relate arithmetic, algebra, geometry, and trigonometry closely
to each other, and to connect all our mathematics with the work
in the shops and laboratories. This has been done largely by
lists of problems based on the preceding work in mathematics
and on the work in the shops and laboratories, and by simple
experiments and exercises in the mathematics classrooms, where
the pupil by measuring and weighing secures his own data for
numerical computations and geometrical constructions.

In high schools where it is possible for the teachers to depart
from traditional methods, although they must hold to a year
of algebra and a year of geometry, this book of problems can
be used to make a beginning in the unification of mathematics,
and to make a test of work in applied problems. In the first
year in algebra the problems in Chapters I-VII can be used
to replace much of the abstract, formal, and lifeless mate-
rial of the ordinary course. These problems afford a much-
needed drill in arithmetical computation, prepare the way for
geometry, and awaken the interest of the pupils in the affairs

11



iv APPLIED MATHEMATICS

of daily life. By placing less emphasis on the formal side of
geometry it is possible to make the pupil’s knowledge of alge-
bra a valuable asset in solving geometrical problems, and to
give him a working knowledge of angle functions and log-
arithms. Chapters IX, X, and XII furnish the material for
this year’s work. The problems of the remaining chapters can
be used in connection with the study of advanced algebra and
solid geometry. They deal with various phases of real life, and
in solving them the pupil finds use for all his mathematics,
his physics, and his practical knowledge.

For the increasing number of intermediate industrial schools
there are available at present few lists of problems of the kind
brought together in this book. The methods adopted in the
earlier chapters, which require the pupil to obtain his own data
by measuring and weighing, are especially valuable for begin-
ners and boys who have been out of school for several years.

The large number of problems and exercises permits the
teacher to select those that are best suited to the needs of the
class. In Chapters IX and XIIT many of the problems contain
two sets of numbers. The first set outside of the parentheses
may give an integral result, while the sccond set may involve
fractions; or the first set may give rise to a quadratic equation
which can be solved by factoring, while the equation of the
second set must be solved by completing the square.

Each pupil should have a triangle, protractor, pair of com-
passes, metric ruler, and a notebook containing plain and
squared paper. Inexpensive drawing instruments can be ob-
tained, and the pupils should be urged to use them in making
rough checks of computations. They should also form the
habit of making a rough estimate of the answer, and noting
if the result obtained by computation is reasonable.

In the preparation of this book most of the works named in
the Bibliography have been consulted. The chapter on squared
paper aims to emphasize its chief uses, the representation of
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tables of values, and the solution of problems; and to show
that the graph should be used in a common-sense way in all
mathematical work.

The cooperation of the members of the department of mathe-
matics in the Lewis Institute in the work of preparing and
testing the material for this book has rendered the task less
burdensome ; acknowledgments are due to Assistant Professor
D. Studley for the problems in Chapters XIV and XV to
Assistant Professor B. J. Thomas for aid in Chapters I, VIII,
XII,and XIII; to Mr. E. H. Lay for aid in Chapters ITand VI;
and to Mr. A. W. Cavanaugh for aid in Chapter IX. Especial
acknowledgments are due to Professor . B. Woodworth, head
of the department of physics, Lewis Institute, for his helpful
codperation with the work of the mathematics department.
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APPLIED MATHEMATICS

CHAPTER 1
MEASUREMENT AND APPROXIMATE NUMBER

Exercise. Make a sketch of the whitewood block that has
been given you; measure its length, breadth, and thickness in
millimeters and write the dimensions on the sketch. Find the
volume of the block. Have you found the exact volume ?
Were your measurements absolutely correct ?

1. Errors. In making measurements of any kind there are
always errors. We do not know whether or not the foot rule,
the meter stick, or the 100-foot steel tape we are using is abso-
lutely exact in length and graduation. Hence one source of
error lies in the instruments we use. Another source of error
is the inability to make correct readings. When you attempt
to measure the length of a whitewood block, you will probably
find that the corners are rather blunt, making it impossible to
set a division of the scale exactly on the corner. Moreover, it
is seldom that the end of the line you are measuring appears
to coincide exactly with a division of the scale. If you are using
a scale graduated to millimeters and record your measurements
only to millimeters, then a length is neglected if it is less than
half a millimeter, and called one millimeter if it is greater than
half a millimeter.

To make a reading as correct as possible, be sure that the eye
s placed directly over the division of the scale at which the

reading is made. Note if the end of the scale is perfect.
1



2 APPLIED MATHEMATICS

2. Significant figures. A digit is one of the ten figures used
in number expressions. A significant figure is a digit used to
express the amount which enters the number in that partizular
place which the digit occupies. All figures other than zero are
significant. A zero may or may not be significant. It is sig-
nificant if written to show that the quantity in that place is
nearer to zero than to any other digit, but a zero written merely
to locate the decimal point is not significant. A zero inclosed
by other digits is significant, while a final zero may or may not
be significant.

For example, in the number 0.0021 the zeros are not signifi-
cant. Inthe number .0506 the first zero is not significant, while
the zero inclosed by the 5 and 6 is significant. If in a measure-
ment a result written as 56.70 means that it is nearer 56.70
than 56.69 or 56.71, the zero is significant. In saying that a
house cost about $6700, the final zeros are not significant be-
cause they merely take the place of other figures whose value
we do not know or do not care to express.

3. Exact numbers. In making computations with exact
numbers, multiplications and divisions are done in full, accord-
ing to methods which are familiar to all students.

4. Approximate numbers. In practical calculations most of
the numbers used are not exact but are approximate numbers.
They are obtained by measuring, weighing, and other similar
processes. Such numbers cannot be exact, for instruments are
not perfect and the sense of vision does not act with absolute
precision. If the length of a rectangular piece of paper were
measured and found to be 614 mm., the 6 and the 1 would
very likely be exact, but the 4 would be doubtful.

5. Multiplication of approximate numbers. This contracted
method of multiplication gives the proper number of significant
figures in the product with no waste of labor. Moreover, by
omitting the doubtful figures it avoids an appearance of great
accuracy in the result, which is not warranted by the data.



MEASUREMENT AND APPROXIMATE NUMBER 3

Exercise. Measure the length and width of a rectangular
piece of paper and find its area.

Suppose the length is 614 mm. and the width is 237 mm.
Let us proceed to find the area of the piece of paper, marking
the doubtful figures throughout the work.

237
614
948

237

1422

145518

The final three figures in the product are doubtful and may
as well be replaced by zeros. Hence the area is approximately
145,000 sq. mm., or, as we sometimes say, about 145,000
8q. mm. Since many calculations are of this kind, it is a waste
of time to carry out the operations in full. It is desirable to
use methods which will omit the doubtful figures and retain
only those which are certain.

Problem. Multiply 24.6 by 3.25.

First step Second step Third step
24.6 24.8 24.8
3.25 3.25 3.25
738 738 738

49 49
12
79.9

First step. Start with 3 at the left in the multiplier and
write the partial product as shown.

Second step. Cut off the 6 in the multiplicand and multiply
by 2. Twice 6 (mentally) are 12 (1.2), which gives 1 to add.
Twice 4 are 8, and 1 to add makes 9. Twice 2 are 4.

Third step. Cut off the 4 in the multiplicand and multiply
by 5. 5 times 4 (mentally) are 20 (2.0), which gives 2 to add.
6 times 2 are 10, and 2 to add makes 12.
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Fourth step. Add the partial products.

Fifth step. Place the decimal point by considering the num-
ber of integral figures which the product should contain. This
may usually be done by making a rough estimate mentally.
In this case we see that 3 times 24 are 72, and by estimating
the amount to be brought up from the remaining parts we see
that the product is more than 75. Hence there are two inte-
gral figures to be pointed off.

Problem. Multiply 84.6 by 4.25.

Iirst step Second step Third step
81.8 84.6 #4.6
4.25 4.25 4.25
338 338 338

17 17
4
359

In this case 6 is cut off before multiplying by 4 in order to
keep the product to three figures. The two given numbers are
doubtful in the third figure, and usually this makes the product
doubtful in the third figure.

Problem. Find the product of 7 x 3.784 x 460.2.

SoLUTION. 3.142 11.89
3.784 460.2
9426 4756
2199 713
251 2
12 5471
11.888

6. Measurements. In making measurements to compute
areas, volumes, and so on, all parts should be measured with
the same relative accuracy ; that is, they should all be expressed
with the same number of significant figures. The calculated
parts should not show more significant figures than the meas-
ured parts. Constants like m should be cut to the same number
of figures as the measured parts.
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EXERCISES

1. Find the area of the printed portion of a page in your
algebra.

2. Find the volume of your algebra.
Find the area of the top of your desk.
Find the area of the door.
Find the number of cubic feet of air in the room.
Find the area of one section of the blackboard.

7. Find the surface and volume of brass cylinders and
prisms, and of wooden blocks.

8. Find the area of the athletic field.

9. Find the area of the ground covered by the school build-
ings and also the area of some of the halls and recitation rooms.
Compare your results with computations made from the plans
of the buildings, if they are accessible.

O

7. Division of approximate numbers. In dividing one ap-
proximate number by another, we shorten the work by cutting
off figures in the divisor instead of adding zeros in the dividend.
The principles of contracted multiplication are used in the
multiplication of the divisor by the figures of the quotient.
No attention is paid to the decimal point in the dividend or
divisor till the quotient has been obtained. In checking multi-
ply the quotient by the divisor. (Why ?)

Problems. 1. Divide 83.62 by 3.194.

3.194183.62|26.18 Check
6388 26.18

1974 3.194

1916 7854

58 262

32 235

26 _10

25 83.61

1



6 APPLIED MATHEMATICS
2. Divide 41.684 by 98.247.

98.247|41.684 | 42428 Check
39299 42478
2385 98.247
1965 38185
420 3394
393 85
o7 17
20 3
7 41.684
7

The decimal point in the quotient can usually be placed
quite easily by considering the number of integral figures in
the divisor and dividend. In the first problem we see that 3 is
contained in 83 about 26 times; in the second problem 98 is
contained in 41 about .4 times.

PROBLEMS

Check the results obtained :
1. 2.142 x 3.152. 10. 86.66 = 41.37.
2. 78.14 x 1.314. 11. 316.4 + 18.74.
3. 6.718 x 86.42. 12. .916 + .314.
4. 3.142 x .7854. 13. liﬁlg__éxl_j?ﬁ.
5. (141422 14. 3.142 x (1.666)2
6. (1.732)" 36.5 x 192
7. (3.142)% 15. 112 % 633"
8. (5.164)" 16, 41X 3142 X (6.023)
9. (.6462)% ' 3

17. An iron bar is 9.21 in. by 2.43 in. by 1.12 in. Find its
weight if 1 cu. in. of iron weighs .261 lb.

18. Find the weight of a block of oak 5.62 in. by 3.92 in. by
3.15 in. if 1 cu. in. of oak weighs .0422 1b.
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19. Find the weight of an iron plate 125 in. long, 86.2 in.
wide, and .562 in. thick.

20. The diameter of a piston is 16.4 in. Find its area.

(m=314)
21. The radius of a circle is 12.67 in. Find its area.
(m = 3.142.)

22. The diameter of a steam boiler is 56.8 in. What is its
circumference ?

23. The area of a rectangle is 25.37 sq. in. Find the width
if the length is 11.42 in.

24. What is the length of a cylinder whose volume is 1627
cu. in. if the area of a cross section is 371.5 sq. in. ?

25. A cylindrical safety-valve weight of cast iron is 15} in.
in diameter and 3} in. thick. Find its weight if 1 cu.in. of
cast iron weighs .261 1b.

26. A cylindrical safety-valve weight of cast iron weighs
82.51b. What is its diameter if it is 1} in. thick ?

27. The diameter of a spherical safety valve of cast iron is
9.3 in. Find its weight.

28. Find the weight of a cast-iron pipe 28.5 in. long if the
outer diameter is 10.9 in. and the inner diameter is 9.2 in.

29. A cylindrical water tank is 49.6 in. long and its diameter
is 28.6 in. Find its volume. How many gallons will it hold ?

30. A steel shaft is 68.8 in. long and its diameter is 2.58 in.
Find its weight if 1 cu. in. of steel weighs .283 1b.

31. Find the weight of the water in a full cylindrical water
tank 12.8 ft. in height and 6.32 ft. in diameter if 1 cu. ft. of
water weighs 62.4 1b.

32. The diameter of the wheels over which a band saw runs
is 3.02 ft. and the distance between the centers of the pulleys
is 3.58 ft. Find the length of the saw.

33. A pulley 11.9in. in diameter is making 185 revolutions per
minute (r.p. m.). How fast is the rim traveling per minute ?
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34. A milling cutter 4 in. in diameter is running 150 r. p. m.
What is the surface speed in feet per minute ?

35. It is desired to make a 12-in. emery wheel run at a speed
of 5000 ft. per minute. How many revolutions per minute must
it make ?

36. If we wish a milling cutter to run at a cutting speed of
266 ft. per minute, and the machine can make only 82 r. p. m,,
what must be the diameter of the cutter ?



CHAPTER 1II
VERNIER AND MICROMETER CALIPERS

8. The vernier calipers have two jaws between whicl is placed
the object to be measured. One jaw slides on a bar which has
scales, on one side centimeters and on the other side inches.

The movable jaw has two small scales called verniers, one for
each main scale.

Write the following questions and their answers in your
notebook. Use the centimeter for the unit and write the results
as decimal fractions.

_ 1. (@) How many centimeters are marked on the main
scale ? (0) Verify' by measuring with the ruler. (¢) What is
the length of the smallest division of the main scale ?

2. (a) What is the length of the centimeter vernier?
(b) Measure the length of the vernier with the ruler. (¢) Verify
by counting the divisions on the main scale.

3. (a) Into how many divisions is the vernier scale divided ?

(6) What is the length of each division ?
9
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4. Bring the jaws of the calipers together. At what point
on the main scale does the first line of the vernier fall ?
Make a drawing of the vernier and the scale as suggested
by Fig. 2. Number the points of division as in the figure.

Fic. 2

Slide the vernier of the calipers along until 0’ coincides with 0.

5. (¢) Do 1' and 1 coincide? (b) What is the distance
between 1' and 1? (¢) between 2' and 2? (d) between 3'
and 37

Now slide the vernier along until 1’ and 1 coincide.

6. (¢) What is the distance between 0 and 0'? (5) between

2'and 2°? '
Make 2' and 2 coincide.

7. What is the distance between 0 and 0' now ?

8. What is the distance between 0 and 0’ when the follow-
ing points coincide ? (a) 3' and 3; (b)) 4'and 4; (c) 7' and 7;
(d) 9" and 9; (e) 10’ and 10.

Move the vernier until 0’ coincides with 10.

9. How far apart are the jaws ? Check with the ruler.

10. When 0' coincides with 20, how far apart are the jaws ?
Check.

11. When 0' coincides with 21, how far apart are the jaws ?

12. What is the distance between the jaws when the follow-
ing points coincide ? (a) 1'and 22; () 2'and 23; (¢) 5'and 26;
(d) 8" and 29; (¢) 1' and 23; (f) 7' and 29; (g) 2' and 26;
(%) 3' and 3b.

9. To measure with the vernier. Count the number of whole
centimeters and millimeters to the zero line of the vernier. Then
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notice which vernier division coincides with a scale division ; the
number of this vernier division is the number of tenths of a
millimeter.

10. Observe carefully the following directions for making
measurements. Unlock the movable jaw by means of the screw
at the side. Place the object between the jaws, press these
together gently but firmly with the fingers, and lock in position
with the screw. Care should be taken in pressing upon the
jaws as too strong a pressure may injure the instrument. If
not enough pressure is applied, the reading will not be accurate.

EXERCISES

1. Place your pencil between the jaws of the calipers and
measure its diameter.

2. Get a block from your instructor and measure its dimen-
sions. Make a record of them together with the nuinber of the
block, and let the instructor check the results.

3. Get a second block. Make measurements of the length
at three different places on the block and record them. Take
the average of the three readings. Find dimensions in the
same way. Let the instructor check the record.

4. Draw an indefinite line 4 B. With a point R about 1 cm.
from 4B as a center, and with a radius of 3 cm. draw a circle
intersecting 4B at C and D. Measure C' D, making the measure-
ment with the pointed ends of the jaws. Check your reading.

5. Take a sheet of squared paper and fix the vertices of a
square centimeter with the point of the compasses. Measure
the diagonals and take the average. Check.

6. On the same sheet of squared paper locate the vertices
of a rectangle 4 cm. by 2.5 cm. Measure the diagonals and
check the results.

7. Apply the sets of questions in these exercises to the inch
scale and its vernier, inserting the word “inch” for *centi-
meter” in your record.
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8. Measure the length of a block in inches and in centi-
meters and find out the number of centimeters in one inch.

9. On a sheet of squared paper mark out a right triangle
with the legs 3 in. and 4 in. respectively. Locate the vertices
with the point of the compasses and measure the hypotenuse.
Show that the square of the hypotenuse is equal to the sum of
the squares of the other two sides.

10. Move the zero line of the vernier opposite 1 in. on the
main scale. Make the reading in centimeters. Compare the’
result with that obtained in Exercise 8.

11. Find the volume of a block in cubic inches and also.in
cubic centimeters. Check by changing the cubic inches into
cubic centimeters.

12. Devise other exercises in measurement.

11. The micrometer calipers. With the micrometer calipers
the object to be measured is placed between a revolving rod
called the screw, and a fixed
stop. The movable rod is
turned by the darrel, which
moves over a linear scale. The
edge of the barrel is gradu- '
ated into a circular scale. Fio. 3

12. Use of the micrometer '
calipers. Turn the barrel so that the screw approaches the stop
and finally comes in contact with it. Now turn in the opposite
direction and the screw moves away from the stop; at the
same time the edge of the barrel moves over the linear scale,
which shows the distance of the opening. When an object is
placed in the opening between the stop and the screw, its
measurement is obtained by reading the length of the linear
scale exposed to view.
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EXERCISES

Write the following questions and their arswers in your
notebook. Express your results in decimal fracticns.

Turn the barrel until the entire linear scale is shown.
1. How many divisions are marked on the linear scale ?

2. Determine the unit of the linear scale, whether it is a
centimeter or an inch. This can be done by comparison with
the English and the metric scales marked on your ruler.

3. How long in inches or centimeters is the linear scale ?
4. What is the length of each division of the linear scale ?

Turn the barrel until the screw comes in contact with
the stop.

5. Into how many divisions is the circular scale along the
edge of the barrel graduated ?

6. (a) Does the zero line of the circular scale coincide with
the line of reference of the linear scale ?

(b) How far are they apart ? Count the number of divisions
of the circular scale between them. This is known as taking
the zero reading.

Turn the barrel until the zero line coincides with the line
of reference. From this position turn the barrel until two
divisions of the linear scale have been passed over.

7. How many complete turns were made ?

Bring the zero line of the barrel back to the line of reference
of the linear scale. Give the barrel several complete turns and
count the number of divisions passed over on the linear scale.
The relation between the number of turns and the number of
divisions should be carefully noted.

8. How many divisions are passed over in (@) two turns ?
(6) four turns ? (c¢) six turns ? (d) one turn?

9. How far in centimeters or inches does the barrel move in
one complete turn ?
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Bring the zero line opposite the line of reference. Now
move the barrel until the line 5 of the circular scale is oppo-
site the line of reference.

10. (¢) What part of a turn has the barrel made ?

() How far in centimeters or inches did the barrel move ?

(¢) How far will the barrel move in passing over one division
of the circular scale ?

Turn the barrel until its edge coincides with the fifth division
of the linear scale, and the zero line of the circular scale coin-
cides with the line of reference.

11. What is the length of the opening at the end of the
screw ? Record the distance, and then as a rough check
verify by measuring with a ruler.

With the barrel in the same position as before (at the fifth
division) continue to turn so as to increase the opening at the
end of the screw. Turn the barrel until the seventeenth division
of the circular scale is opposite the line of reference.

12. How much is the opening at the end of the screw ?

The following will illustrate: Suppose the divisions of the
linear scale are g4 (.025) of an inch, and there are 25 divisions
on the circular scale. The value of one division of the circular
scale will be & X g% =.001 in. Kach division of the circular
scale, therefore, measures .001 in. In Exercise 12 the distance
for 5 linear divisions would be .025 x 5 =.125. This added to
the value of the 17 circular divisions gives.125 + .017 = .142in.
for the reading.

EXERCISES

Record the readings in your notebooks and give the work

of the computations in full.

1. Measure the thickness of a coin. Hold the barrel lightly
so that it will slip in the fingers as contact occurs. There is
danger of straining the screw if it is turned up hard. Take
four readings at different places on the coin and average the
results,
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2. Get a metal solid from your instructor and measure its
dimensions. Take the average of three readings. Compute the
volume. Check by using an overflow can.

3. Measure the diameter of a wire. After taking a reading
release the wire and turn it about its axis through 90°; take
a second reading. If the two readings do not agree, the wire is
slightly flattened in section. Take several readings at different
places on the wire, and the average of the readings will proba-
bly be very close to the standard diameter of the wire.

4. Find the volume of a shot. Using the specific gravity of
lead, find the number of shot to the pound.

5. Find the thickness of one of the pages of your textbook.
Compute its volume.

6. Devise other exercises and record them in your notebooks.



CHAPTER III
WORK AND POWER

13. Work. When a man lifts a bar of iron or pulls it along
the floor, he is said to do work upon it. Evidently it takes
twice as much effort to lift 50 1b. as it does to lift 25 1b., and
five times as much effort to lift a box 5 ft. as it does to lift it
1 ft. That is, work depends upon two things, — distance and
pressure.

Hence a foot pound is taken as the unit of work. It is the
work done in raising 1 lb. vertically 1 ft., or it is the pressure
of 1 1b. exerted over a distance of 1 ft. in any direction. If a
nman exerts a pressure of 25 lb. in pushing a wagon 20 ft., he
has done 500 ft. 1b. of work.

Foot pounds = feet X pounds.

14. Illustrations. Tie a string to a 1-lb. weight, attach a
spring balance and lift it 1, 2, 3 ft. How many foot pounds of
work ? Lower it 1, 2, 3 ft. How mueh. work ? Pull the string
horizontally over the edge of a ruler to raise the weight 1 ft.
How much work ? Is the amount of pressure given by the
spring balance or by the pound weight ? Pull the weight along
the top of the desk 1 ft. How much work ? Hook the spring
balance under the edge of the desk and pull 21b. How much
work ? Drop the weight 1 ft. How much work ought the
weight to do when it strikes the floor ?

A boy weighing 60 lb. climbs up a ladder 10 ft. vertically.
How much work ? How much work is done when he comes

down the ladder ?
16
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A boy weighing 60 1b. walks up a flight of stairs. How much
work has he done when he has risen 10 ft.? Why should the
answer be the same as in the preceding problem ? '

A stone weighing 50 1b. is on the roof of a shed 10 ft. from
the ground. How much work was done to get it in that posi-
tion ? If it is pushed off, how much work ought it to do when
it strikes the ground ? Why ought the two answers to be the
same number of foot pounds ?

15. Power. Time is not involved in work. A man may take
4 hr. or 10 hr. to raise a ton of coal 15 ft.; in either case he
has done 30,000 ft. 1b. of work. But in the first case he is
doing work at the rate of 125 ft. Ib. per minute, while in the
second case he is working at the rate of 50 ft.1b. per minute.
To compare the work of men or machines, or to determine the
usefulness of a machine, it is necessary to take into considera-
tion the time required for the work.

Power is the rate of doing work. Thus if an electric crane
raises a steel beam, weighing 500 lb., 80 ft. in 2 min., its rate

x
500 2>< 80 _ 20,000 ft. 1b. per minute.

The unit of power, the Zorse power, is the power required to
do work at the rate of 33,000 ft.1b. per minute. If a steam
crane lifts 90 T. of coal 11 ft. in 20 min., neglecting friction,
the horse power of the engine is

of work is

Lo 200090 x11 _,
P T 733000 x 20

When we speak of the horse power of an engine we usually
mean the indicated horse power (i. h. p.), which is calculated
from the dimensions of the cylinder and the mean effective
steam pressure obtained from the indicator card. The horse
power actually available for work is called the brake horse
power (b. h. p.), and is determined by the Prony brake or a
similar device.
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The horse power of a steam engine is given by the equation

pl-a-n
33,000
where p = mean effective pressure in pounds per square inch,
! = length of stroke in feet,
a = area of piston in square inches,
n = number of strokes per minute, or twice the number
of revolutions per minute.

h.p. =

b

PROBLEMS

In these problems no account is taken of friction and other
losses.

1. If a man exerts a pressure of 561b. while wheeling a
barrow load of earth 25 ft., find the number of foot pounds of
work he does.

2. How much work is done by a steam crane in lifting a
block of stone weighing 1.2 T. 30 ft. ?

3. A hole is punched through an iron plate } in. thick. If
the punch exerts a uniform pressure of 40 T., find the work
done.

4. A horse hauling a wagon exerts a constant pull of 75 Ib.
and travels at the rate of 4 mi. per hour. How much work will
the horse do in 3 hr.? If the driver rides on the wagon, how
much work does he do ?

5. A man weighing 150 1b. carries 501b. of brick to the
top of a building 40 ft. high. How much work has he done
(a) in getting himself to the top ? (0) in carrying the brick ?
How much work is done on his return trip down the ladder ?

6. If a pump is raising 2000 gal. of water per hour from
the bottom of a mine 400 ft. deep, how many foot pounds of
work are done in 2 hr. ? (A gallon of water weighs 8.31b.)

7. How many gallons of water would be raised per minute
from a mine 600 ft. deep by an engine of 180 h. p. ?
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8. The plunger of a force pump is 4 in. in diameter, the
length of the stroke is 3 ft., and the pressure of the water is
40 1b. per square inch. Find the work done in one stroke.

9. A well 6 ft. in diameter is dug 30 ft. deep. If the earth
weighs 125 1b. per cubic foot, find the work done in raising the
material.

10. A basement 20 ft. by 15 ft. is filled with water to a
depth of 4 ft. ITow much work is done in pumping the water
to the street level, 6 ft. above the basement floor ? (The aver-
age distance which the water is lifted is 4 ft.)

11. A chain 40 ft. long weighing 10 1b. per foot is hanging
vertically in a shaft. Construct a curve to show the work done
on each foot in lifting the chain to the surface. (Assume that
the first foot is lifted } ft., the second 1} ft., and so on.) What
is the total work done in lifting the chain ?

12. How much work is done in rolling a 200-l1b. barrel of
flour up a plank to a platform 6 ft. high ?

13. A boy who can push with a force of 40 1b. wants to roll
a barrel weighing 120 1b. into a wagon 3 ft. high. How long a
plank must he use ? (Length of plank x 40 =3 x 120. Why ?)

14. A man can just lift a barrel weighing 200 1b. into a wagon
3} ft. high. How much work does he do? How long a plank
would he need to roll up a barrel weighing 400 1b. ? 600 1b. ?

15. A horse drawing a cart along a level road at the rate of
3 mi. per hour performs 42,000 ft. 1b. of work in 5 min. Find
the pull in pounds that the horse exerts in drawing the cart.

16. A horse attached to a capstan bar 12 ft. long exerts a pull
of 120 Ib. How much work is done in going around the circle
100 times ?

17. How long will it take a man to pump 800 cu. ft. of
water from a depth of 16 ft. if he can do 2000 ft. Ib. of work
per minute ?

18. How much work can a 2 h. p. electric motor do in
10 min. ? in 15 sec.?
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19. What is the horse power of an electric crane that lifts
4 T. of coal 30 ft. per minute ? If 40 per cent of the power is
lost in friction and other ways, what horse power would be
required ?

20. Find the horse power of an engine that would pump
40 cu. ft. of water per minute from a depth of 420 ft., if 20
per cent of the power is lost.

21. A locomotive exerts a pull of 2 T. and draws a train at
a speed of 20 mi. per hour. Find the horse power.

22. The weight of a train is 120 T. and the drawbar pull is
7 1b. per ton of load. Find the horse power required to keep
the train running at the rate of 30 mi. per hour.

23. The drawbar pull of a locomotive pulling a passenger
train at a speed of 60 mi. per hour is 5500 1b. At what horse
power is the engine working ?

24. What is the horse power of Niagara Falls if 700,000 T.
of water pass over every minute and fall 160 ft. ?

25. If a 10 h. p. pump delivers 100 gal. of water per minute,
to what height can the water be pumped ?

26. A derrick used in the construction of a building lifts an
I-beam weighing 2 T. 50 ft. per minute. What is the horse
power of the engine, if 20 per cent of the power is lost ?

27. In a certain mine 400 T. of ore are raised from a depth
of 1000 ft. during a day shift of 10 hr. Neglecting losses, what
horse power is required to raise the ore ?

28. In supplying a town with water 8,000,000 gal. are raised
daily to an average height of 120 ft. What is the horse power
of the engine ?

29. A belt passing around two pulleys moves with a velocity
of 15 ft. per second. Find the horse power transmitted if the
difference in tension of the two sides of the belt is 1100 Ib.

30. What is the difference in tension of the two sides of a

belt that is running 3600 ft. per minute and is transmitting
280 h.p.?
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31. Find the number of revolutions per minute which a
driving pulley 2 ft. in diameter must make to transmit 12 h. p.,
if the driving force of the belt is 250 1b.

32. A belt transmits 60 h. p. to a pulley 20 in. in diameter,
running at 250 r. p. m. What is the difference in pounds of
the tension on the tight and slack sides ?

33. In a power test of an elec-
tric motor a friction brake con-
sisting of a strap, a weight, and
a spring balance was used. The
radius ol the pulley was 2 in.,
the pull was 7 1b., and the speed
of the shaft was 1800 r. p. m.
What horse power did the test
give ?

Fic. 4. FrictioN BRAKE

5 b _2x22x2x1800 x7
OLUTION. -p-= 7 x 12 x 33,000 h

34. In a power test of a small dynamo the pull was 61b.
and the speed was 1500 r. p. m. If the radius of the driving
pulley was 3 in,, find the horse power.

35. In testing a motor with a Prony brake the pull was 12 1b,,
length of brake arm was 18 in., and the speed was 500 r. p. m.
Find the horse power.

n_ am

JanY
A\
;

- o

Fic. 5. ProNY BRAKE

36. In testing a-Corliss engine running at 100 r. p. m. a
Prony brake was used. The lever arm was 10.5 ft. and the
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pressure exerted at the end of the arm was 2000 1b. What was
the horse power ? In a second test with a pressure of 2200 lb.
the speed was 90 r. p. m. Find the horse power.

37. Calculate the horse power of a steam engine from the
following data: stroke, 2 ft.; diameter of cylinder, 16 in.;
r. p. m.,, 100; mean effective pressure, 60 lb. per square inch.

38. The diameter of the cylinder of an engine is 20 in. and
the length of stroke is 4 ft. Find the horse power if the engine
is making 60 r. p. m. with a mean effective pressure of 60 lb.
per square inch.

39. Find the horse power of a locomotive engine if the mean
effective pressurc is 90 lb. per square inch, each of the two
eylinders is 16 in. in diameter and 24 in. long, and the driv-
ing wheels make 120 r. p. m.

40. On a side-wheel steamer the engine has a 6-ft. stroke,
the shaft makes 35 r. p. m., the mean effective pressure is 30 1b.
per square inch, and the diameter of the cylinder is 4 ft. Find
the horse power of the engine.

41. Find the horse power of a marine engine, the diameter of
the cylinder being 5 ft. 8 in., length of stroke 5 ft., r. p. m. 15,
and mean effective pressure 30 1b. per square inch.

42. The diameter of the cylinder of a 514 h. p. marine engine
is b ft., length of stroke 6 ft., r. p. m. 20. Find the mean effec-
tive pressure.

43. Find the diameter of the cylinder of a 525 h. p. steam
engine : stroke, 6 ft. ; r. p. m., 15; mean effective pressure, 25 1b.
per square inch.

44. What diameter of cylinder will develop 10.3 h. p. with a
6-in. stroke, 300 r. p. m., and a mean effective pressure of 90 lb.
per square inch ?

45. The cylinder of a 55 h. p. eng