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Math 70 7.8 Variation

Objectives:

1) Directvariation

2) Inverse variation

3) Jointvariation
Key words for recognizing variation problems: “varies” or “proportional”

Model Words Translation to Model equation Graph of model if
math k=2
“y varies directly
as x” “y varies” is always
y=k-
. “y is directly - I
Direct proportional to x” | “directly” means x Y B
is in the numerator :
“y varies as x” of RHS i
w .. “y varies” is always
y varies inversely —k 1
44 y - : —_ k .« —
asx y
x
Inverse “y is inversely 1nver§e!y means or SNl
proportional to x” x is in the = k :
denominator of Y x ’
RHS
“Joint” means that | ¥ varies” is always
3 or more y=Fk:
variables are
involved. “directly” means x
d w” are in the . :
. “« and w. are g, X w? Not a 2-dimensional
Joint Example: “y numerator of RHS y=k ; anh
varies jointly as x z-3v grap
and the square of | “inversely’” means
w, and inversely zand 3w arein
as zand the cube | the denominator of
root of v” RHS
Cautions:

e Direct variation problems can be solved by proportions. Inverse and Joint variation cannot!
e Variation equations have only multiply and divide, never add or subtract.
o Always write units on the final answer.

e Use units to help identify which values go with which variables.

Process that works for ANY type of variation problem:

Step 1: Define any variables, if needed. (Use letters that make sense.)

Step 2: Translate the sentence into an equation of variation. Don’t forget k!
Step 3: Substitute a complete set of numbers (given in question) and solve for k.
- | Step 4: Solve the incomplete set of numbers (given in question) and solve to answer the question.

AN

o |




Examples

~— 1. Hooke’s law states that the distance a spring stretches is directly proportional to the weight attached to the
spring. If a 40-pound weight attached to a spring stretches the spring 5 inches, find the distance that a 65 pound
weight will stretch that same spring.

2. Boyle’s law says that if the temperature stays the same, the pressure P of a gas is inversely proportional to the
volume V. If a cylinder in a steam engine has a pressure of 960 kilopascals when the volume is 1.4 cubic meters,
find the pressure when the volume increases to 2.5 cubic meters.
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3. The lateral surface area of a cylinder varies jointly as its radius and height.
a. Express this surface area S in terms of radius r and height h.
b. If the lateral surface areais 20 square cm when the radius is 2 cm and the height is 5 cm, find the exact
constant of variation and the equation of variation.
c. Find the radius when the lateral surface areais 40z square cm and the heightis 2 cm.

4. The maximum weight that a circular column can support is directly proportional to the fourth power of its
diameter and is inversely proportional to the square of its height. A 2-meter-diameter column that is 8 meters in
height can support 1 ton. Find the weight that a 1-meter-diameter column that is 4 meters in height can
support.
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Extras:

1. The maximum weight that a rectangular beam can support varies jointly as its width and the square of its
height and inversely as its length. If a beam Y2 foot wide, 1/3 foot high, and 10 feet long can support 12 tons,
find how much a similar beam can support if the beam is 2/3 foot wide, %2 foot high, and 16 feet long.

2. The horsepower to drive a boat varies directly as the cube of the speed of the boat. If the speed of the boat
is to double, determine the corresponding increase in horsepower required.

3. The volume of a cone varies jointly as its height and the square of its radius. If the volume of a coneis 327
cubic inches when the radius is 4 inches and the height is 6 inches, find the volume of a cone when the radius
is 3inches and the height is 5 inches.

4. Theintensity of light (in foot-candles) varies inversely as the square of x, the distance in feet from the light
source. The intensity of light 2 feet from the source is 80 foot-candles. How far away is the source if the
intensity of light is 5 foot-candles?
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Math 70 Practlce Problems for Vanatmn

1. Hooke’s law states that the distance a spring stretches is directly proportional to the weight attached to the
— spring. If a 40;0und weight attached to a spring stretches the sprmg 5 inches, find the distance that a 65
pound weight will stretch that same spring.

4 W D= ds-}umal‘
Skepl: D=k- i wjmﬁ

2. Boyle’s law says that if the temperature stays the same, the pressure P of a gas is inversely proportional to
the volume V. If a cylinder in a steam engine has a pressure of 960 kilopascals when the volume is 1.4
cubic meters, find the pressure when the volume increases to 2.5 cubic meters. :

Slep 1 ‘P:k'f{—
seE2 ' Q60 =k _
.9

1244 =k

T2
;534. 6 ViloPascals

& 3. The lateral surface area of a cylinder varies jointly as its radius and height.
a. Express this surface area S in terms of radius r and height h.
b. If the lateral surface area is 20z square ¢m when the radius is 2 cm and the height is 5 cm, find the
- exact constant of variation and the equation of variation. }
Find the radius when the lateral surface area is 407 square cm and the helght is 2 cm.

a*:&e T% k- l_
L=slepz: IM=k-2-S
Br=k |
rewrie eqn (s= 2T \
c=skoD: Lol = Qs Je> 2
ICem =p

4. The maximum weight that a circular column can support is directly proportional to the fourth power of its
diameter and is inversely proportional to the square of its height. A 2-meter-diameter column that is 8
meters in height can support 1 ton. Find the welght that a 1-meter-diameter column that is 4 meters in

height can support. wetght= W
e WUW 15 direskly Ut power diamete didameler=d
o;’(:(t?m;\:H Y""P"HDV"’J laversely sc‘w of \Ae'la\rd" \/\CIGL\J‘”\(\
\ W = K‘o\q . o '
a W , |
.%‘:-Eg—: A;g\)g = | :E,;-?-‘i = l=lkk = (_p‘“z‘(pk = k=4
W=19 B2 Tlen
Ww = .

\ s ol W'—ﬁ;f,=>‘m



The maximum weight that a rectangular beam can support varies jointly as its width and the square of
o~ its height and inversely as its length. If a beam % foot wide, 1/3 foot high, and 10 feet long can

TN
support 12 tons, find how much a similar beam can support if the beam is 2/3 foot wide, % foot high,
and 16 feet long. ™M= "‘"":\‘/&‘:’2‘"3\’\"

o h - U= W
E‘Eg_\_. W\”;X ‘:-%‘:?hj 'h;o\duﬁ;‘w\r\u ' ‘ \,\ \r\-(’,ua,\/\\'
M=k we W 2
3 skpd. w=%)  M=21603)(3)
slog: w- PCHIC) VI bole T
" - = Dz N K
= ‘ 2D 1L o ’ &, K m
M= : " 4 = k=60
2. The horsepower to drivea boat varies directly as the cube of the speed of the boat. If the speed of the
boat is to double, determine the corresponding increase in hcg\sepg:ver required.
! - = L& wec
‘L‘.‘E—L‘ J\r\wswowe.r‘ XA%\?% cube of ssaeeel e %6309, eso\o_fo‘
3
W=l A
e Jouble Pre sGmA = (28) suoSbixuie amd %wv\@b}\,&
Ve (g
Mo W% ﬂ ek
Y =% ‘za, //(\(\OT.S{%E}O wen W\g,_s-\» h{a wARE @ hg \m;k,%"l
R 3. The volume of a cone varies jointly as its height and the square of its radius. If the volume ofa coneis
& 32z cubic inches when the radius is 4 inches and the height is 6 inches, find the volume of a cone
when the radius is 3 inches and %e height is 5 inches. \ = volumi e
f\_e__@\‘._ Velume Voanied 21 glt A= hetaltr
cowve o V"H}"@ h%\*ﬁ ~odhius = };aﬁus
V= K | |
. ) - =
2_."’@3;- V=29 - gg\f\\(,k.(,.A?' = 37 = Wk = k= 3_2;'“ =3
=4 q
Y=0 '

f—“(’—i V’ % = \/"'- bl ?) = i\/‘—'\S'T\'cw\o‘\u‘McLuS\ or-
J,\

4, The mten31ty of light (in foot-candles) varies inversely as the square of x, the distance in feet from the
light source. The intensity of light 2 feet from the source is 80 foot-candles. How far away is the
source if the intensity of light is 5 foot-candles? T=ivdensdy ™ foot—candles

ih:e_\_t %&V\‘d\f\"\.‘ vonies %wd’-m A‘\‘:\W

o ono= o\.‘a\—uur.e,\w'cae')’
\f\\l(’}tbe\.«ﬁ ’ S ‘
T = \L
c,)cg()\ T:=-%0 &- Caw:\lbs} =2 80 = k = ?OS_E_ - =320,
K= A S Y
, . L4 2 74
~SYep? ';:—Z g 5 Sz = 5X(=3% . S =L T X SIS

diskomce X Cannot bz v\u&w\-‘\uc‘ ] Xf—‘\;\ﬁ;‘ > W=90x]



Math 62 Work Rates

~—Qbjectives

1) Work rates

Examples
Solve.

1)

2)

3)

4)

5)

A painter can finish painting house in 5 hours. Her assistant takes 7 hours to finish the same job. How
long would it take for them to complete the job if they were working together?

One pump can drain a pool in 9 minutes. When a second pump is also used, the pool only takes 4
minutes to drain. How long would it take the second pump to drain the pool if it were the only pump in
use? ’

One conveyor belt can move 1000 boxes in 7 minutes. Another can move 1000 boxes in 10 minutes. If
another conveyor belt is added and all three are used, the boxes are moved in 3 minutes. How long
would it take the third conveyor belt along to do the same job?

Abaker can decorate the day’s cookie supply four times as fast as his new assistant. It takes 16 minutes
for them to decorate the day’s cookie supply if they work together. How long does each one take if
working alone?

Mark and Rachel both work for Smith Landscaping Company. Mark can finish a planting job in 2 hours,
while if takes Rachel hours 4 hours to finish the same job. If Mark and Rachel will work together on the
job, and the cost of labor is $40 per hour, what should the labor estimate be? (Round to the nearest
cent, if necessary.)
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