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CHAPTER 11
ALGEBRA

and Terma  Use of Parentheses and Hesckets.
Toota

Powens,
snd Equations. Time, Speed, snd Distanes.
Piteh and Slip.

is that branch of mathematios which treats of the
relations and proporthes of quantity by means of letters and other
symbols. It is applicable to those relations which hold good for
every kind of magnitude. Algebra is coneerned only with addi-
tion, subtraction, multiplieation, divisions, invelutions, and the
extraction of roots, of finite numbers. 1t is used primarily in
the construction and solution of equations.

Known quantities are usaally represenited. by lettors from the
beginning of the alphabet (o, b, ¢, d, ete.), and unknown quantities
by letters from the end of the alphabet (x, y, 2, ete.). Quantitios
may be positive (+) or megative ( — ), The negative sign is
always indieated, but the positive sign is generally omitted from
the first quantity of an expresdon.  When no sign is shown, the
(+) i understood.

I

fi

besides those which are mentioned , Are
> is greater than # s not equal to
< is loss than w infinity
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isa - b,

movnmmmmcnn

Parentheses (), brackets | L and braces | | are used to
mwmwtwwmmwmhh
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l;hnblmmuymwm—lnm%
the parentheses and brackets eliminated

Suppose that from @ we wish to subtract b and then ¢.  This
ean be represented by the expremion a — b — . Now, the
same result will be achieved if we first add b and ¢, and then
subtract their sus from a, as @ = (b + ¢).

If we want to add a and b and subtract ¢ from thelr sum, this
may be expressod as o 4+ b ~ ¢, The same answer would be
obtained if we first took ¢ from b and then added the remainder to
o, a8 0+ (b~ 0)

These two examples may be expressed in the form of two
equations as follows:

() a=b—cma=~(d+e)
(2) otb-—cmat(b—0

1t will be poted that if parestheses are begun after & minus (~)
mmmaamymmmmumu
changed. However, when the parentheses are introduced after
.’hadp(-&-),dnipd!hmhodqmuu-mnhh
e,

When & quantity immediately precedes & parenthetical expres-
M(ﬂﬁmﬁuuwﬁmdphum&u).kmm
mmﬂmhthw-&o.huh-dwww
quantity. Thus, a(b — ¢) = ab — ec. The expression ob — ac
is said to be simpiified when it is expressed as a(b ~ ¢).

Ezample: Simplify az = oy — M + b
Ane, alz = ) = bd - ¢)

mmmﬂ-dmmmm
understood, but the study of navigation does not require
solution of complieated problems of this nature.

nfumupﬁhdmbmdwhud
theses, brackets are used, and the same principles apply.
alblc + d) + e(zx — y)] = abe 4 obd + aex ~ oey. The
is & simplified oxpression of the latter.

Fy

{7l
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meMw“mum
A% BedessaAry
(0) o 4 0c — 2y 4 22
() #de — aod — azy — amz + 1
Ana. (a) o(d 4 ¢) ~ #(y - 2)
®) alo(d ~ &) ~ 2y + 0)) 4 1

8 mummwmmm
eliminated. Elminate parentheses fisvt.

(=) l&(o-l+l)~-(n-n)+:l-..
(3) olb+¢) ~ ey — 1) 4 = m).
Ane. (a) boa ~ bed 4+ boe — bnpg + burs + bx - y
() ab 4 ac ~ gy 4 e22 = o 4 om

POWERS, EXPONENTS, AND ROOTS

u.mwbwuwww.mam
l&iu“m&.ilbcm.lhmhﬁ;lhmhd
oqual factors, m-x.x.x;«mmm

which is read “a to the fourth power.”
Thmtlhm.dhnhwhthm
of any other exponent. Tbm&'hmd“bquud."
because if the side of a square is b, its area is b, Likewise, o*
bmd“dwbd.“h“hid-dnuhhd,ihvdmhd‘.
Apddnmﬁty,nbdmnym.mm
Awmtym-@ﬂummm
Mnlummﬁmlaoddmhm
mﬂihthmbthl“tw(al,u&u)mnﬁnn
afirmative.” Thus (—b)* w b%, (=B)" = <, (=B)' = B, ete.
Mllllplh&ndlhhf-mhmpﬂdbym
the expomenta. ’l‘h-.a-honn.ololhl+l+lm.
ora’. Likewise, b* XX b* = b% annd ¢ X o = o,
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Divﬁudllow-mhmwbymm
wldlhdhbwhmﬂaudlhdivw. Thus,

aaaaa
.l,..l-.——-..—.-.l.
oan3

A-qﬂhow«nnmdtiﬂhmtdmivwb
greater than that of the dividend M¢'+0'-;—‘~.";l'.
or it equals o*%, ora™". Thus, & negative exponent in the numer-
mw”ﬁchma@whm,nddum

| wmmmumwunwmz

o't

aw
iy Am

mwdﬂc.mwwudmmbdbdm
extraction of @ given rool. The root symbol b /", called the
n&dmdmddldmchwdby.u-‘nlphed
as follows, v . If no root number is used, the number 2 is
understood. Thus,
‘2 is read * the square root of .
i read “the cube root of b."
V% is read “the fourth root of ¢," ete.
Indm!h‘nmmdnpdﬁnm.h
remembered that in multiplying, an even of negative
dnlmﬂhhu'ul‘ﬁnqmﬂhy. Thus, both ( + ¢)* and
(= a)* equal plus a'. Therefore, the square root of a' may be
either (4+) o, or (=) & To indicate that either plus or minus is
correct, thesymbol £ (plus or misus) is used. Thus, /B = £b.
Instead of using the radical sign, fractional exponents ma be
employed. chnnpb,\/in-thm-:'.ud i

equivalent to z*.
For - o

and \/f‘)g(\f-ﬁ:'
mmmmummwumm

i sion wader it must bo divided by the indicated root. Thus,
Vab = ot Va' = o, ete.

—a
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5. Like powers of equals are equal.
Evamples: () If aw=d BN a=bie
hen o' = M then o® = (b 4+ &)**
- e 4 o

* Bo eareful 1o enise (b + ¢) collatinely, not B* 4 &%

6. Like roots of equals are equal.

Ezamples: (a) 1 a=b €) 2B=1649
then Va = Vb VB« Vii+ %
MY  a=bte
thes Vawvite *Nuvii+VE

Some other operations commonly employed in rearranging the
I terma of an equation to facilitate solution are, in reality, merely
simplified applications of some of the foregoing axioma.

1. Transposing s term from one side of the equation to the
other and changing its sign, For example, if s+ a=b4¢
and we wish to obtain an expression for x in terms of @, b, and ¢,
we may franspose the a to the other side of the equal sign and
change its sign, obtaining x = b 4+ ¢ — a. This is equivalent
to the axiom, “* If equals are subtracted from equals the remain-
ders are equal.” For, if 2 4 a = b 4 ¢, then, by subtracting
amo, wegetr = b 4c~a

Likewise, transposing & negative term from one side to the
other and changing its sign to positive is equivalent to adding
equals to equals.

2. Cross multiplying, or multiplying each numerator by the
denominator of the opposite side of the equation. For example,

if § = % then af = b, This is the same as maltiplying each

mdwmmwua§xu-5xu By

cancellation, there remains ad = ¢b. Cross multiplying, thero-
fore, ks the same as multiplying equals by equals,

It is important for the student to be able to arrange an equation
in such n manner as to indicate the solution for the desired
quantity. This requires that the unknown quantity alone be on
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the left side of the equation, and that all the known
from which it is to be found be properly armanged on the right
side of the equation.

EXERCISE
& Arrange the following equations o indicste the scbution for 2.
@asdaw22-H Ame. (@) z = a % b
® o tembe-d ®e=fre
War~bwzte u).-:——lf‘
(d) azx ~ b¢ = U = 22 da=- ::"

Problems in algebes are generally solved by lotting a letter
stand for an unknown quantity. Then, from the given data,
one or more equations are set up and the unknown quantity is
determined.

Ezawple: The wam of two numbers is 15, and one s 3 greater than
the other, What are the numbess?
Solwtion: Let 2 = the smaller namber
them 2 + 3 = the larger number
and 24 2+ 3 = 15 (the given sum)
or 20 15~3
=0

Ane. The sambers are 6 and 9,

EXERCISES

B A man i twico an old as his son, and the sum of their ages s 51
yoars. How old is each? Ane. 54 and 27,
& The sum of two sumbers is 27, snd their difference is 3. What
are the nusmbers? Ane. 15 and 12,
T. One-half of a certain sumber is added to four-fifths of the mme
number, and the wum is 30, What is the sumber?
Selution: Lat 2 = the mamber

thea ;4»%’-”
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Now multiply soch term by s number such that the 2 and § will dis-
sppear. This number is 10, Then we get

Sz + Sr = 390

132 = 300

2=30
& Theee-fourths of & cectaln number bs 10 more than one-thisd of the
same number.  What bs the nussber? Ane. 24
8. A man s now four times ss old s his som.  In 14 yoars be will be

ooly twice s old s bis son.  How old are they now?

Ane. 25 and 7.

TIME, SPEED, AND DISTANCE

unit of distance employed in mavigation s the mawtical
This is the leagth of 1" of are of & great circle on the earth.
nautical mile mensires about 6,080.3 ft. This value will
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Distance = spoed X time = 18 X 9.5 = 171 miles

Esample 3: A vomel |s 10 make a trip of 133 miles. How loag will it
require, st 17 koots?
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n—-‘%-fg-rn-rr

10. In the following probless, two of the three quantities are given.
Compute the uskoown qeantitios, rounding off speeds and distances to
the mearest tenth, and times to the nesrest minute.

These Speed, knots ‘Mm.ﬂn“ Arawers
() 1wt oo 174 | ? | 306 miles
») 11t s~ 2o ? | 7810 miles
() s 4 135 .4 168 knots
) 1* 15* oo ? 5462 140 knots
) ? (L) =™o st o
wn ? 1no 1537 ‘ (U o

The piteh of a propeller is the distance it would advanee in ooe
revolution if it were rotated in an unyielding medium.  Piteh
is generally expressed in feet,

The difference between the distance actually traveled by a ship
and the distance that would have been traveled if the propeller
were operating in an unyielding medium is called #ip. Slip
is generally exprossed as & percentage of this difference in relation
10 the theoretical distance. If the thooretical distance is 7' and
the actual distance is A, then slip is (T' — A)/T.

It will be noted that as Jong as A is less than T, the slip will be
positive, but if A is greater than T the slip will be negative. The
propeller isell cannot eause A to execed T. However, when
sided by favorable winds or currents, it sometimes happens that
A will exeeed 7', with a resultant negative slip, Unless specifi-
cally mentioned to the contrary, the slip is sssumed to be positive,

Slip may also bo considered in relation to speed.  In this case,
it is equal to the theoretical speed (S¢), minus the actual speed
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(8.4), divided by the theoretical speed (Sy) or,
dip = Se = 8J)

In solving problems involving slip, the nautieal mile is taken as

be determined.

The slip will with different drafts for the
same vessel, and also with the propeller speed, being greater for
shallow draft and high speed.

1: How far will a vessel go in 1" if the pitch of the propeller
is 18t making 100 revolations per minate (r.p.m.), if there were no
be In nautical miles 10 the nearest .1 )

4 15 X 100 X 60
GGy . jAiSe

178

Ezample 2: 1f the vessel makes good a distance of 16.2 miles during
this bour, what is the slip (10 the nearest 1 per cent)?
Solutson.
Slip
The eficiency of the propeller may be cossidered as 100 per cend,

minus the ip,  In the foregoing exasaple, the efficiency of the propeller
would be 91 per cont,

RIPL Bpp—
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Example 3: The pitch of & propelier s 20 ft.; r.p.m., 90; slip, 3 per cent.
What s the setmal spoed of the vomel?
Solution.
20 X 90 X 60 x 9
Sa= gy
- 17.2 knots
EXERCISES
Sclve the following problemss involving propeller piteh, olip, speed,
and distance

12, Given: Pitch = 204 1t rpm. = 100; spoed made good = 19.0
knota,

Determine: Slip to nesrest 1 per cent.

Ana. O per cent.

13. Determine the mising quantities:

Plech, Kip, Bpeed made A

foet Rpm. por cent | good, knots
(e) 165 104 o ? 13,9 knots
» 150 " 3 4 169 knots
(e) " 1o (-2 ? 19 6 knota
“ 193 L] 4 “He § por cent
) 1.0 125 ? 13 12 por cent
W 07 ns L4 (LN 3 4 per cent
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2 A vessel, withing to check its speed, steams past & measured
pautieal mile, covering the distance in 2% 40, What was its syeed In

koots?  (Round off the snewer 1o .1 knot.) Ane. 20.7 knoks,

3. A vessel stoamed 21786 nautical miles la 517 39%. What wm
her average speed in knots to the nearest 17 Ane. 158 knots,
Solve the following problems by using bogaritha:

o 20 Ase 10583,
o 2o X 000 A, 47990

6 A vessel steams & distance of 1768 nautieal miles in 317" 48"
What was ber average speed in koots 1o the nearest .17
Ane. 197 knobs,
7. Tha piteh of a certain propeller is 18 ft. 9 in. At 110 r.pm. the
vessel makes good & distance of 25854 nautical miles in 5* 11* 0%,
What was the slip of the propeller to the nearest | per cent?

Ana. 3 per cent.
& Find the logarithas of the following numbers:

{a) 45249 Ase. (0) 3.05085

() 35655 (3) 3.5574

(c) 48242 () 2.68361

@ 38247 () 2.58260

(x) S73%0 (¢) LOMI4S

0 7294 ) 8312

1 31418 (g) A5

()] J4835 (A) 95741010

w 0327 (1) 8515410

o 063154 () 75004010
| ®) DOOI2458 (k) 6.51172~10

o 000045206 () 5.0591-10
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