DIRECT, JOINT, AND INVERSE VARIATION

DIRECT VARIATION

A linear equaion of theform y = kx with k! 0iscalled direct variation. ¥
Thevariable y variesdirectly with thevariable x. In other words the
variables changeat the samerate: If thevalue of onevariable doubks,
thevalue of other variable doubks, if onevauetriples, the other triples.

Thegraphisaline passing throughthe origin with dope . Inthis case ~
thesopeis also called the constant of variation. Direct Variation
Example 1

Theamountof money spent at the gas station varies directly with the number of gdlons
purchased. When 115 gdlonsof gas was purchased the cos was $37.72. Determine k, the
congant of variation and the equation tha represents this situation.

If y= thetotal cog and x = number of gdlons thegenerd equaionis y = kx. Subditute the
given values and solve.
y = kx
37.72=k(11.5

k=3.28
Theequdionis y = 3.28x.

Example 2

Thenumbe of bricks laid varies directly with theamountof time spent. If 45bricksarelaid in
65 minutes, determinethe equaion tha represents this situation. Also determinethetime it
would take to lay 500 bricks.

If b= nunmber of bricksand ¢ = time, thegenera equaionis b= kt. Subditute thegiven values
and solve.
b=kt
45 = k(65)
Theeguaionis b= %t .

To findthetimeto lay 500bricks, subditute 500for » and solve.
_9
500= 1—31
t =4 (500) ~ 722!min. ~ 12 hr.



Problems

Write an equdion of variation to represent the situation and solve for theindicated information.

1. Thenumber of centimeters y in alinear measurement varies directly with thenumber of
inches x inthemeasurement. Pablo@ heightis 1524 centimetersor 60inches. What is
Maria@ haghtin centimetersif sheis 64inchestall?

2.  Thenumber of gdlons g of fud used onatrip varies directly with the nunmber of miles m
traveled. If atrip of 270miles required 12 gdlonsof fud, how many gdlonsare required
for atrip of 400 miles?

3.  Karen earns$2850for working six hours. If theamount m sheearnsvaries directly with
h thenumber of hours sheworks, how much will she earn for working 10 hours?

4. A botle of 150vitaminscods $5.25. If thecog varies directly with the number of
vitaminsin thebotle, what should a botle with 250 vitamins cog?

5.  Wae received $5535in interest onthe $1230in her credit union account |If theinterest
varies directly with theamountdeposted, how much would Wei receive for the same
amountof timeif shehad $2000in the account?



JOINT VARIATION

There are situaionswhen more than onevariable isinvolved in adirect variation problem. In
these cases the problem is called joint variation. The equaion remainsthe same except tha
additiond variables areinduded in theprodud. For exampleif A variesjointly with the
valuesof b and htheequdionwill be A= kbh.

Example

Variable I variesjointly asthevaluesof P and 7. If 1=1200when P=5000 and T =3,
find I when P=7500and T =4.

Use the same method as above

Write the genea equaion. | =kPT
Solve for k (thecongant of variation) : 1200= k(5000(3)
k=0.08

Use theformula, k, and the new values. I =0.087500(4) =2400

Problems

Write an equdion of variation to represent the situation and solve for the missing information.

6. Thecog ¢ of materiasfor adeck variesjointly with thewidth w andthelength . If
c=%$470.4Cw hen w=12 and | =16, findthecog when w=10 and | = 25.

7. Thevalueof rea estate V variesjointly with theneighbohoodindex N andthesquae
footage of thehouse S. If V =$376,320 when N =96 and S=1600, findthevaueof a
propety with N =83 and S=2150.

8. Thenumbe of gdlons g inacircular swimming pool variesjointly with the square of the
radius r? andthedepth d. If g =754 when r =4 and d = 2, find thenumber of gdlons
inthepoolwhen r=3 and d =1.5.



INVERSE VARIATION

An equaion of theform y=% or xy=k (k#0) iscalled inverse
variation. Inthissituaion, asthevariable x increases, thevariable y
decreases and thereverseisalso true Thegraphisacurve tha never
toudhes either axis.

Inverse Variation

Example

Thetimeit takes to travel afixed distance variesinversely with the speed traveled. If it takes
Pam 40 minutes to bike to the secret fishing spot at 9 miles per hour, what isthe equaiontha
represents this situaion? How longwill it takeif sherides 12 miles pa hour?

Since the units are not the same first change40 minutes into hours: g—g = % hour.

Letting y =timeand x = speed, use theequaion: y :f (time varies inversely with speed)

Subditute thevaues and solve for . % = % , 0 k=6
Theequdion of thisinvese variationis. y:%
If sherides 12 miles per hourthetimeis: y= 1—62 = % houror 30 minutes

Problems
Write an equdion of variation to represent the situation and solve for the missing information.

9. Thevolume V of agaskept at acongdant temperature varies inversely asthe pressure p.
If the pressureis 24 poundsper squae inch, thevolume is 15 cubic feet. What will bethe
volume when the pressure is 30 poundsper squareinch?

10. Thetimeto complete aproject varies inversaly with the nunber of employees. If 3 people
can complete the project in 7 days, howlongwill it take 5 people?

11. Thetime needed to travel a certain distance varies inversely with therate of speed. If it
takes 8 hoursto travel a certain distance at 36 miles per hour, howlongwill it take to travel
the same distance at 60 miles per hour?

12. Thenunmber of revolutionsmadeby atire traveling over afixed distance variesinversely to
theradiusof thetire. A 12-inch radiustire makes 100revolutionsto travel acertain
distance. How many revolutionswould a 16-inch radiustire require to travel the same
distance?



13.

For afixed number of miles, the gas mileage of acar (miles/gdlon) variesinversely with
thenumber of gdlonsused. Oneyear an employee driving atruck averaged 24 miles pe
gdlonand used 750gdlonsof gas. If thenext year, to drive the same nunber of milesthe
employee drove a compact car averaging 39 miles per gdlon, how many gdlonsof gas
would beused?

(Thefollowing are extendonsand a mixture of the previoustypes.)

14.

15.

16.

17.

18.

19.

20.

To build asoundwall aongthe highway, theamount of time ¢ needed varies directly
with the number of cement blocks ¢ needed and inversely with the number of workers w.
A soundwall made of 2400blocks, usng six workers takes 18 hours to complete. How
longwould it take to build awall of 4500blocks with 10 workers? HINT: ¢ = %

Thetime needed to paint afence varies directly with thelength of thefence and indirectly
with the number of painters. If it takesfive housto paint 200feet of fence with three
panters, howlongwill it take five paintersto pant 500feet of fence?

Thetimeto prepaeafield for plantingisinversely propottiond to number of people who
areworking. A largefield can beprepared by five workersin 24 days. In order to finish
thefield soone, thefarmer plansto hire additiond workers. How many workers are
needed to finish thefield in 15days?

An eggisdroppeal fromtheroof of abuilding. The distance it falls varies directly with the
squae of thetimeit fals. If ittak%% secondfor the egg to fall eightfeet, howlongwill
it take theeggto fall 200feet?

Thenumbe of hous needed to assemble computers varies directly as the numbe of
computers and inversely asthe nunber of workers. If 4 workers can assemble 12
computersin 9 hous, how many workers are needed to assemble 48 computersin 8 hours?

Theweigh of aperson varies inversely as the squae of thedistance fromthe center of the
earth. If theradiusof the earth is4000miles, how much would a 180poundpersonweigh,
2000miles abovethe surface of theearth?

Thestrength of arectangular beam varies jointly asits width and the square of it depth. If
the strength of a beam three inches wideby 10inches degp is 1200poundsper squareinch,
wha isthe strength of abeam fourincheswideand six inches degp?



Answers

(variables may vary in equaiong

1. y=2.54x; ! 162.6inches 2. g=4ml7.8gdlons
3 m=4.75h;!$47.50 4, c=0.035n; $8.75
5. i =0.04d; $90 6. c=2.45wl; $612.50
7 V = 2.45NS; $437,202 8. g= 23.56-2d;1~ 318gdlons
_ 360. : _ 21,
9. V= o : 12 cubic feet 10. t==:42 days
11.  1=28814.8 hours 12.  y=12%:175revolutions
13. m= %); | 462 gdlons 14.  t=205¢.90.25 hours
15.  +=20%L117.5 hours 16.  t=120; 8workers
17.  d=322;12.5seconds 18.  r=2I=:141workers

19. w= %Zoomo; 80pounds 20.  S=4wd?; 576 poundésquaeinch



