Section 1.7 Formulas

Contents: FORMULASFROM  GEOMETRY STATISTICS DISTANCE, RATE, TIME

SIMPLE INTEREST ANSWERS FOCUSEXERCISES

INTRODUCTION

Many formulasN in avariety of fieldsN require the order of opeationsfor their prope evaluation.

For example, if you need to convat atemperature reading from Celsius degrees to Fahrenhat degrees,
you need to use theformula

9
F=5 C+ 32 where: F
C

Fahrenhat degrees
Celsusdegrees

Y ouQnay have seen Celsiustemperatures, for example, at bank buildings Thesign outfront might
say tha thetempeatureis 15; C, butisthat t-shirt or jacket weather?

To answer that question, we need to substitute theknown value of C (15) into theformula; we then
evauae theexpresson ontheright sdeusngN that@ rightN theorder of opeationd

To substitute a value into aformula meansto replace the variable with a
number; this nunmber is called thereplacement value. Whaever opaation
was applied to thevariableis now applied to thereplacement value

9
Whenwesee F =5 C+ 32 C =15 ! thismeanswereplace C with 15.
9
F =519 + 32 Subditute thevalueof C = 15.
9 15 _ : . N
F =15 a1 + 32 Nowmultply thefractions cross divideto simplify.
9 .3 . .
F =1 at + 32 Usetheorde of opaationsto complete theevaluaion.
F =27+ 32
F = 59

Wecani~nterpret thisassaying 15j C isequivaentto 59 F. By theway, youmightwantto puta
jacket on, it@ starting to get alittle chilly.
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You may have noticed theuse of parentheses aroundthe 15. Here, the parentheses are used more as
a separator than as grouping symbols. When subdgituting avalueinto aformula, it isusudly prope to
put paentheses aroundtha number, especialy when

1) thevariableisbangmultiplied or divided;

2)  when thereplacement valueis anegaive numberN we need to make sure that the
negative signis grouped with the number;

Many formulas have more than onevariable that needsto bereplaced. In this case, subditute for al
such variablesN usngthar corresponding replacement valuesN at the sametime. Be especialy careful
in your use of parentheses.

Example 1: Evaluae the numerical value of each formula with the given replacement values.
. 9R
a d=rat r =50 b) E="7— =10
t= 2 | = 45
XD
c) m=y—93 X =-2 d c=+va+bh? a=3
p= 4 b=4
y= 6
q=-3
. 9R
Answer: a) d=rat b) E="7—
. 9(10)
d = (5042 E =725
90
d= E=735 =
-2) b4
c) ngD)(_;g) d c=+va+bh?
-6
m=%+3 c=432+42
-6
m="g c=+V9+16
2
m=|-3 c=+25 =
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Evaluae the numerical value of each formula with the given replacement values.

v,
ge]

v,
Q

X

I

Exercise 1:
a d=ra

X
0 m= y

o < ©T
I

15

a+b+c
b) A= 3 a=15
b =23
c =34
XBPm
d z="73 X =24
m = 16
s= 4

Fromwhere dowe get al of these formulas, anyway? In Example 1 and Exercise 1, we saw Six
formulas from a variety of disciplines or interests:

(@

(b)

(©)

(d)

(€)
()

d=ré
9R
E=7T
_xbp
M =ybq
a+b+c
A = 3
XBPm
z="3g
c =&+

from physcs:

from basebdl:

from algebra:

from statistics:

from statistics:

from geometry:

distance = rate atime

apitcher® Garned run average®
R = #runsalowed; | =#inningspitched

thedopeof aline
Theaverage of three numbe's

an important conva'sionformula

the Pythagorean Theorem

¢ = thelength of thelongest side of arighttriangle and

a and b arethelengthsof the other two sides

Back to Top
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MORE FORMULAS FROM GEOMETRY

Some basic shepes from geometry indudetherectangle, thetriangle and thecircle. For most
geometric shapes we are interested in theperimeter, theline (or GencingQ aroundthefigure, and the
area, theingde QillOof thefigure. Theperimeter of acircleiscalled thecircumference. (Areais

always represented in square units, like feet2.)

The Rectangle: Perimeter Area
P=L+W+L+W A = LAV L
W W
or P =24 + 24V (widith)
L (length)
TheTriangle: Area
A= 7 i g
ih (height)
_ ba .\
or A = 2 b (base)

We dso have formulas related to thesides and angles of atriangle:

Perimeter Sum of angles
P=a+b+c A + B + C = 180 (degrees)

a, bandcaesdelengths A, B andC areangle measures.

TheCircle: Circumference Area

c='4a =142

d (diameter)

L
Inacircle: Theradius is hdf of thediameter. f ,'I e
Also: | isanirrationd numbe;! " 3.14. T \radius)
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Example 2: Find thefollowing usngthe appropriate formula and the given values.

a) thepeimeter of arectangle b) theareaof atriangle
L = 8ft. and W = 6ft. b =10in. and h = 7in.
Answer: Be sure to write theanswer so tha the unit of measure is appropriate.
1
a) P=2L +2W b) A =73 &b
1
P = 2(8ft) + 2(6ft) A =7 410in)(7in)
P = 12ft. + 16ft. A = 5in.a7in.
P = 28 ft. (feet) A = 35 in2 (squaeinches)

Example 3: Find thefollowing usngthe appropriate formula and the given values.

a) theareaof arectangle b) thecircumference of acircle
L =9yd. and W = 5yd. d=5m; ue! =314
Answer: Be sure to write theanswer so tha the unit of measure is appropriate.
a) A =Lav b) =4 Weuse" in
place of = when
A = (9yd)45yd) C " (3.14)X5m.) the valuleis an
approximation.
A = 45 yd2 (squaeyards C " 157 m. (meters)
Exercise 2: Find thefollowing usngthe appropriate formula and the given values. Be sureto
write theanswer so tha the unit of measure is appropriate.
a) thepeimeter of atriangle with sides b) theareaof atriangle with
a = 53inches, abase of 7 feet andaheight of 6 feet
b = 6.4inches and
¢ = 3.9inches
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c) theareaofacirclewitha d) thepeimeter of arectangle with
radius of 10inches. alength of 3.2 yardsand
awidth of 2.8 yards

Back to Top
AN IMPORTANT FORMULA FROM STATISTICS

An important concept in statistics is themean, or average of aset of numbers. In statistics, we call
a set of nunbers Qlaavalues.O These data values can be collected from a variety of sources.

Theformulafor theaverage (mean) of any set of datavaluesis

__ thesumof all of thedaavalues
Average = Thenunbe of dadavauesin the st

Congder thefollowing advertisement for an automobile dedlership.

We sl an average of 80 cars amonth.
Come seewhat Darryl’s Autos has got for you!

How would Darryl know tha he sells an average of 80 cars amonth? Consder thistable, indicating
thenumber of cars sold during thefirst four months of the year.

Month Januay (J) Februay (F) March (M) April (A)
# Sold 70 78 84 88

_ J+F+ M+ A
Theformulafor theaverageis A = 4 (monts

Replacing J, F, M and A with thevauesin thetable, we get

_ (70+78+84+88 cas  320cars
A = 4 monts = Zmonths = 80carspa month

He didn®sell exactly 80 carsin any onemorth, but he sold an average of 80 cars for those four months
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Example 4:

Answer:

If Carlareceived test scores of 77, 85, and 90, wha is her averagetest score? Write
theanswer as a complete sentence.

Find the sum of the scores and divide by 3 (the number of tests taken).

77+85+90 252 :
= 3 = —3~ = 84points.

We can interpret this answer as, Carla@ averagetest score is 84 points.

Example 5:

Answer:

Mai isawaitress. Infivedays, shemadedaly tipsof $23 $35 $27, $29and $31
What was he averagedaly tip for those five days?

Find the sum of thescores and divide by 5 (the number of days).

(23+ 35+ 27+ 29+ 31) ddlars $145
A = Sdajs = Sdajs = $29p3’ daj

Mai earned an average of $29 per day.

Exercise 3:

Find the average of each situation, as described within.

a) Humbertoreceived thefollowingtest scores  b)  Yat-Sunkept track of how much hewas

in hisAlgebraclass: 80, 89, and 95. paying for gas each week. For fourweeks

Wha is his average score on thoe three hisgasolinebillscameto $43, $28 $35

tests? and $42. On average, how much did he
spend on gas each week?

c) Devonwas keeping track of the number d) Sarah kept track of how many minutesit

of pages heread each day. For seven took her to drive to work each day. For

straightdays heread 43, 38, 26, 45, five straightdaysit tookher 17, 19, 16,

39, 21and 33 pages. How many pages, 23, and 25 minutesto get to work. How

onaverage did Devon read each day? many minutes, on average, did it take Sarah
to get to work each day?

Back to Top
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THE DISTANCE, RATEAND TIME FORMULA

Theformula d = r&, read as Qlistance equds r ate times timeQis used for motion problems such as
traveling by car, by plane by train, by bicycle, or by foot In each case, onetravels a certain distance at
acertain rate of speed for a certain period of time.

A common use of thisformulaisrelated to driving a car where the unit of measure for distance is
miles, for timeis hours, and for rate ismiles per hour. Theformulais notrestricted to those measures,
though. For example, onemightwant to measure therate of an antin termsof centimeters per second
or in feet per minute. \Wha mug be present is a measure of length (miles, feet, centimeters, etc.) and of
time (seconds minutes, hous).

Imagine, for example, tha you are driving a car at arate of 60 miles pe hour(mph). If youtravel
for 1 hour, youwill have gone60 miles. Travelingfor 2 houswill take you 120miles.

Usingtheformulad =rd, we gd:

a r=60mph,t=1hou b) r=60mph, t=2hours
60 miles 60 miles )
d = Thour a(hour = 60miles d = Thour &®2houn = 120miles

We don®need to represent the units of measure (miles) throughoutthe process, butwe should
represent it at theend.

Example 6: Use thedistance formulato determine thedistance traveled usng thegiven rate and
time.
. ) 1
a) rate = 15mph,time = 3 hours b) rate = 50mph,time =5 hour
Answer: Used = rat
. . 1 50 .
a d= 1543 = 45miles b) d=50& =75 = 25miles
Theformula d =r& isuseful infindingthedistance, d, d
traveled. If, ingead, you wanted to know your average rate r=x

(speed), r, you can use avariation of tha formula.............

... and if we want to knowthe fime it could take us to
get fromoneplace to anotherN depending on how fast we
driveN we can use athird formula..........cccooeeeennenee.

,_..
I
=
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In other words there are three different forms of the distance formula. Which you use dependson

what information you@e given:
i) if you@e giventhe rate andtime, findthedistance usng d = réat

i) if you@e giventhe distance andtime, findtherate usng r =
d
r

iii) if you®e giventhe distance andrate, findthetime uing t =

Use oneof thedistances formulas to deerminethe missing value, which will be

Example 7:
either rate, distance or time.
b) distance= 12cm, time = 3 sec.

a) rae= 65mph, time = 4hr.

1
c) distance= 80feet, rate = Sfeetpeamin. d) distance= 100mi., time = 5 hr.

. . d d
Procedure: Usetheformulafor themeasuretha isnotknown: d=r&, r=1% or t=1 .

Answer: a  Weknowrate andtime; we don®know distance, sowedl use d = ré

i 65miles | .
d=rat = ~Thour @4hourss = 260miles

~ x d
b)  Weknowdistance andtime; we don©knowtherate, owedl use r =%
d 12cm
r=1 = 3sc = 4cmpasec (4 M)
: % . 5 d
c)  Weknowdistance andrate; we don®knowthetime, sowedl use t =7
_d  80feet _ 80 _ ,
. . N = d
d)  Weknowdistance andtime; wedon©knowrate, sowedl use r =¢

d 100miles y
T - = (1000% ) mph = (100é% ) mph = 200mph

r = = 1
5 hour
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Thereasonwe say tha r represents an average rate of speed is because we don®condder the speed
every second of every minute of thetrip. We don®see the dowing down dueto heavy traffic, the

d
stopping at atraffic signd, the acceleration when thetrafficislighter. Indead, theformula r = ¥ asks
you to congder theaveragerate of speed over theentire trip (or over a certain portion of thetrip).

1t@ very much like anumerical gradein class; your grade at theend is based on your accumulated
gradefrom (possibly) al of yourtest, quizzes, homework and projects. Thegradeyou receive at the end
isjug an averageof all of thelittle grades you received alongthe way.

Exercise 4:

Exercise5:

Exercise 6:

Exercise 7:

Back to Top
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Ben had to drive from San Diegoto LosAngdes. Thedriveis 147 mileslong.

Thetraffic was so roughit took him 3 housto get there. What was his average
rate (speed) for thetrip?

Beatriz was flying from San Frandsco to New Orleans No, not as a passenge,

she@thepilot. Sheaveraged 240miles pe hourin traveling the 1,920miles.
How many hours did theflight take?

Banjo the Beagle loves to chase tennis bdls. While playing at an empty foatbdl
field oneday, his owner timed him while hewas chasing bdls. On onechase,

Banjo ran 36 yardsin 4% seconds. What was Banjo@rate on that run?
(Hint: first conveat thetime into an imprope fraction.)

Kindeisgoingto runin al2kilometer (km) race. Sheisusudly able to average
18 km per hour. How longshould it take her to complete the race?
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SIMPLE INTEREST

In theworld of banking and finance, money tha is put away for awhileN in aspecial savings
accountor other finandal investmentN usudly gainsinterest, an anountof money tha is automatically
added to theaccountafter a peiod of time. There are two types of interest: simpleinterest, which
occurs when themoney isleft dlonefor oneyear or less, and compound interest which occurs when
money isleft alonefor longe than oneyear. In this course we will concentrate on simple interest only.

Theformulafor simpleinterest is | = Pad. Themoney you putin at thestart is called the

principal. Theamount of interest, |, youearn is based ontheprincipal, P, theinterest rate, r
(dways a percent) and theamountof time, t, (in afraction of 1 year) it isleft in thebank.

Example 8: Find theamountof interest earned given the prindpd, theinterest rate andthe
amountof time themoney isleft in the account
a) P = $1000 b) P = $3500 c) P = $4000
r = 8% r = 10% r=6%
1
t = lyear t =7 vyear t = 8 months
Answer: Rewrite each percent as a decimal, then multiply appropriately.

a) | =Pad Substitute the numbersinto the formula; 8% = .08
| =10004(.08)al Multiply P&r first: 1000 4(.08) = 80
| =804l Now multiply 80 &1 = 80
| =80 dollars

b) | = Paa 10% = .10

1
| =35004(.10) & Multiply P&r first: 3500 &(.10) = 350
1 . A1

| =3504; Now multiply 35045 = 175
| =175 dollars

c) | =Pad Rewrite 8 months in terms of years:

8 months = % years = 3 years.
2

| =40004(.06) a3 Multiply P&r first: 4000 &(.06) = 240
| =240é% Multiply 240é% = 2;1'0 é% = % a% = 160.
| =160 dollars
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Exercise 8: For each, find thessmple interest based on the given information.

a) Karin put$2000(thisistheprincipal) in asavingsaccounttha ganed interest at arate of
6% (thisistherate). How much interest did the accountgan after 1 year (thisisthetime)?

b) Padegp put$3,000in aspecial accounttha ganed interest at arate of 7%. How much

1
interest did theaccountgan after 7 year?

¢) Sondmaput$5,000 inaspecia accounttha gained interest at arate of 8%. How much
interest did the accountgan after 9 months?

d) Lupeput$8000 ina Certificate of Depost that gained interest at arate of 12% How much
interest did the accountgan after 4 months?

Back to Top
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Answersto each Exercise

|Section 1.7

H|H
Nl o
1
Wl
o
p—
N
1
N

Exercise 1: a d=45 b) A=24 c m

Exercise 2: a P =156 inches b) A = 2lsquaefeet ¢) A = 100! squaefeet
d) P = 12yards or A" 314 squaefeet
Exercise 3: a Humberto® average score is 88 points

b) Yat-Sun spent an average of $37 each week for gas.
c) Devonread, onaverage 35 pages each day.
d) It took Sarah an average of 20 minutes each day to drive to work.

Exercise 4: Ben averaged 49 miles per hou for thetrip.

Exercise 5: It took Beatriz 8 housto fly from San Frandsco to New Orleans
Exercise 6: Banjo ran 8 yards pe secondon that run.

Exercise7: It should take Kinde % of an hour (40 minutes) to complete therace.
Exercise8: a) Kaen@accountganed $120 after 1 year.

~ 1
b) Padesp@accountganed $105 after 5  year.
¢ Jaime@accountgained $300 after 9 months
d) Lupe&3accountganed $320 after 4 months

Back to Top
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Section 1.7 Focus Exercises

1. Evauaethenumerica valueof each formulawith the given replacement values.

xDBm atb+c
a) Z = S X = 16 b) A:T
m = 25
s= 3
0 a=+\c2b c =13 d) A:%ébén
b =12
d
6§ P=24 + 24V L =13 fy r=%
W= 8
g) A =3 &db+B) h=3 h) | = Pad
b=5
B=7
bw
) m = %py y= 1 ) c=vV@+
w=-8
X= -6
v =(-3)
Formulas

a=13
b =41
c =33
b=5
h=28
d=24

3
t=7
P = 500
r = .08

1
t=73
a=-4
b= 3
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3. Findthesmpleinterest based onthegiven information. | = Paa

a) Saly put$800in aspecia accounttha ganed 9% interest. How much interest did theaccount
gan after 1year?

b) Mark put$5,000in aspecia accounttha ganed 6% interest. How much interest did theaccount
gan after 8 months?

3. April needed to travel 335miles by car. Shewas able to make thetripin 5 hours. Wha was her

distance
averagerate of speed? Use rate = ~fime

3
4. Reggie needed to go 9 mileson hisbike. He was ableto makethetripin z hours. Wha was his

distance
averagerate of speed? Use rate = ~fime

Back to Top
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