More on ldentities

Equations that are _ _ 2 _ay? —a_9%h-_3c =
dentities 2+2=4 X+ X = 2X 3x> —5x—7x+2-3=3x>-12x-1 a+2b+3c-a-2b-3c=0

Equations that are _ e 2 _ 2 _

NOT Identities X+1=4 x-7=-14 X°+3x+2=0 X°+2=0

e Anidentity is an equation in which the expression on the L.H.S. is equivalent (“identical”) to the expression on the
R.H.S. In such equations, the L.H.S. equals the R.H.S. for all possible value(s) of the unknown(s).

e The expressions in equations that are not identities, on the other hand, are not equivalent. The L.H.S. equals the
R.H.S. only for a specific value or specific values of the unknown. The values for which the L.H.S. equals the R.H.S.
are called solutions of the equation. In addition, such values are said to satisfy the equation.

Exercise

1. State whether the given value(s) of the unknown(s) satisf(y/ies) the given equation. Show your work!
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(b) (2x°

(e) 4—-y=2

)(3x)" =162x’

identities (I). State reasons for each choice.

Classify each of the following equations as identities (I) or equations that need to be solved (S).

(c) 3a+4a=7a

(s
(Ds

() 3g-49=-9

Classify each of the following equations as equations to be solved (S), equations that describe a relationship (R) or

IR/

(@ x-5=-4

s/rR(D

(b) x—5x=-4x

(c) -3xy(-5xy®)=15x"y"

s/R()
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4. Use trial and error to find solutions for each of the following equations:

(@ x-5=-4 (b) —5x—7=-47 (c) -5(x—7)+3=—4x-15
x= | X% =B This one s diffrenll
because. be cause to sdye )>7 trial and error
|-5=-4 -5(3)-7 T+ turns ont thal
= _LI'LD _7 A oK = 55
- - (Who would have
7 guessed this ¢ D
(d) a®+3a=-2 (e) X*+27=0
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5. Explain why trial and error is generally not a useful strategy when it comes to solving equations. \{IKL’. ‘Su
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TECHNIQUES FOR SOLVING EQUATIONS

The Golden Rules of Solving Equations

1. Whatever operation is performed to,one side of an equation must alse be performed to the other side!
2. The goal of solving an equation is to isolate the unknown (get it “by itself”). This is accomplished by undoing the

operations performed to the unknown in the order opposite of BEDMAS.

Examples of One-Step and Two-Step Equations

(a)
x+7=-6

SXx+T7=-T==6-17
Sox=-13

In Words

Add 7 to a number and
the result is —6. The
number must be —13.

(b)
y—8=-21
Sy—8+8=-21+8
Ly=-13

In Words

Subtract 8 from a number
and the result is —21. The
number must be —13.

(c)
~lla=-6
c=1la —6
T IT]
6
11

SL.a=

In Words
Multiply a number by
—11 and the result is —6.

The number must be % :

s__3
14 8
E(i _E(_EJ
114 1 8
70 35
S=——=——
8 4
In Words

Divide a number by —14

and the result is —%. The

number must be —3275.

(e)
-3x+7=-6

SL=3x+T7-T=—6-7
s=3x=-13
=% —13
=]

13

LX=—
3

In Words,
F]ulhp!v a numlar

bu -2 [ then add
s and #\i rQSH['tL
's . The numbr—

!!!I!Qf b L
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(2) (h)
~lla+7=-4 s 4 8
SN T=T=-4=7 14~ 8
s-la=-11 nE wae. X g
-lla_-11 14 8
Tl =il o e W
o 148 1
s =5 24
In Words; 14 8 8
ﬂuﬁ}lﬂl/v/ a_nunber s 19
by ') Hen 148
add T and % AN
: 1\14) 18
resa(py 4 The
: 1 266 133
numbtr must be 4. SETS T

Checking your Solutions

Once you have obtained a fentative solution, it is a very good idea to check whether it satisfies both sides of the equation.
Here are some examples.

. ; 133
(g) Tentative Solution: a=1 (h) Tentative Solution: s =T
L.HS. R.HS. L.H.S. RH.S.
~1la+7 —4 s 5
==11(1)+7 T 8
=-11+7 [ 133 J
14
B8 K
Since L.H.S. = R.H.S., @ =1 is the correct solution. 4
33 .13
4 14 1
_133_168
56 56
_3
56
. 35+7
56+17
=
8
; 133 . .
Since L.H.S.=R.H.S,, s= = is the correct solution.
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Examples of Solving More Complicated Equations

@ AN (b)
-3(2x-7)+5x=4 -3(2x-7)+5x=—4x+5
S—6x+21+5x=4 S—=6x+21+5x=—4x+5
S—6x+5x+21=4 So=6x+5x+21=—4x+5
S-x+21=4 So=Xx+2l=—-4x+5
S=x+21-21=4-21 So=X+21+4x=—4x+5+4x
So=x=-17 S 3x+21=5
Lxeiy S3x+21-21=5-21
S3x=-16
,2x _ ~16
"3 3
) 16
..x=—?
(c) (d)
=5(—4y-7)+5(-y-3)=4(2y-7)+3 -15(z-4)—(-152-4)=4-3z
520y +35-5y—15=8y—28+3 S—152+60+(15z+4)=4-32
S A5y +20=8y-25 o—=152+60+152+4=4-3z
S15y+20-8y=8y—-25-8y S 64=4-3z
S Ty+20=-25 564+32=4-32+3z
SLTy+20-20=-25-20 64+3z=4
S Ty=-45 5 64+32-64=4-64
T ] 5.3z2=-60
T 1 3z 60
—_— "33
ST z=-20
Exercises: Check the Solutions to (a) and (b) Above
(a) Tentative Solution: x =17 (b) Tentative Solution: x=—?
LHS. R.H.S. L.H.S. R.H.S.
~3(Qe-T)+5x | 4 - 5(@0-T) + 5 " ~4ax+5
Y2 Y A MR A 4 L16
=-3(aun-7) +5(17) = SEE TS - )+ 5
) :'—3( 3 s 3>¢ 3 h—zi s
~-3(34-1)+%5 LB a2 z Sty
- ~3(a7)t 35 ”[C?))_‘Z _ 1
N -~ B9 _ 80 2
= Fl+85 3 2z
- . . A
. - 3
S;m LH:S = RJHS,) Q(;I? 6:.‘!](,2, LHS — R'H‘S/ %:"éﬁ
IS e solutron, 5 Hhe solifione
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Summary
1. If possible, simplify both sides of the equation. Remember! Like Terms, Distributive Property, Add the Opposite.

2. If the variable (i.e. the unknown) appears on both sides of the equation, eliminate it from one side by performing the
opposite operation to both sides of the equation.

3. If you have done everything correctly, by this stage you should have an equation with at most two operations to undo.
Undo the operations in the order opposite of BEDMAS. Remember to perform the same operations to both sides!

Try this Onel

Solv followjng equation. Thea check ymlution.

—1@2;\-,3)—1(15”4):—34_@)—7(32*2) L.H.S. R.H.S.

° — - -2[-B = 4| =3 —‘3'% -~ '3"3_?,1
"26Z+3q*‘5z -4:'3"‘}-1-37_—Q|2H'+ B[Ttﬂ}%) [LFC?\ﬁ)";l 3 (-3.‘ l{ﬂﬂ)] 7[7(“ T]
. — =-13(2& ,z:7>~ 2  UEHT -3 (U ?i)_7(—§’i -58
,‘aéz-l’jz«\-gﬂ-—’-}: 37_._;2\-2_3—-%'1-}% 29 "z ( 29 +5> 20 T 22 2a 24
. = =-137- - = -B87_ 200 —1
o ”Z+§b =-182+7 | ?%})%%6 20 ;7’5"2("( a9
C1z2+435+H)8z =182+ 7 +182 Yy _ -g%7 _ (-9

- [ Qq _gg n _23_4,30% - ’iq“ "(‘;,Z’q?’)

.'.QqZ""S.b ":7 "gqhz’.::?—q—- XA p=l7] _ -2g Cquf
92 + 35-35=7 -35 2 | = 2L = oA A

S Rz = -8 SeT=" & =107

29 =
ST gihce L.HS.:R}\.S.) Z:'%?a 's corpEl

- o

A

y=—13(—2x—3) — (15x+4)

o
&Y y=-3-(4-3x)-7(3x—2)

,24.38 i

-8 .
'é';l—:—[?.%S'S'
=-097.
The smphfca) solution
agyrees with Fkq 3 ; s
a\ybrﬁic solution




I T ®”u]'|'{p[7 bith s1des (M’f'@‘m)by LD o elimivate Fratlions
4w6 . Q) S(mp(}'vﬁy each 5}4@/'
LT (s 1A @C\&ridaf\mmbl? o oe. S1 C{Jluarialo_lp. ail[)‘_’a(’s on bithade)
@(,lv\d g-z,%equf'loms i1 order 9[-7/9031f'€ o BEDMAS
° - ST
D2 BERy-7)+ 2(4E2)=1a(2)- 1AEB
LRy (X)) - ~ 36— 6Oy +10b
’ NN
0o 5(2\/ -7) + ALy =5) = 6O ~(o(9)/
L by -2l 2y 10 =60 -60y
L g\/ -3 = 60O - Q)Oy
B .. By-3tehy= (oo—(gO\/ +60y
t"’ 68Y H%’ = 6@
L BBy =3]43) =0 +2)

Ce 63y = 9| . '
@ / Al = 3380 2|34
" b8y _ 4l 63, |
- 2% = ‘6\5‘ This agrees wn.“'\ ihe
o3 grephical soution.
z Al 4 & «
co Y 68
@ _1'=%(21‘—7]+%
@ y=-3-(5x-8)
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MANIPULATING (REARRANGING) EQUATIONS

Example 1 &
A rectangle has an area of 99 m” and a length of 11 m. What is its width?

w = 2
Solution A=
1. Given: 4A=99,/=11 Required to Find (RTF): w=7? ]
I'l'm
2. Use the techniques that you have learned to sefve 3. Substitute the given information into the rearranged
for w in terms of A and /. equation:
A= ’@/’ e Solve for w (i.e. “isolate” A
A w it, get it “by itself”) in W=
selpiT rerms of A and /.
I 1 99
A * Since w is multiplied by /, =‘ﬁ
T =W we can isolate w by
4 performing the epposite =9
aw=2 operation (i.e. by dividing
/ both sides by /). The width of the rectangle is 9 m.
Example 2

The United States still uses the Fahrenheit temperature scale for weather reports and many other everyday purposes. The
relationship between the Celsius and Fahrenheit temperature scales is given by the following equation:

9 " '
F =§C +32 ,,sf,ip between the unknown

Where F represents the temperature in degrees Fahrenheit and C represents the temperature in degrees Celsius.

(a) Use the given equation to (b) Solve for C in terms of F. (Rearrange (¢) While travelling in the U.S., you
convert —40°C to °F. Is the equation to get C “by itself.”) read a weather report in an
there anything strange = . American newspaper. According
about your result? Explain. F - S-: C t 3;2 to the report, the forecast high

C=tl, F=? | P 30332 | ebmisssldlie i
~ B | = of 70°F?
/“:igc *)3:’»1 VF33 = %0 || Fw, =7
e £ . Cawn glls ) 5 0
(‘ 5; ~r )(F‘gaj_l (—;C) he dbr@ VA C = wﬂ,):’_lL
2 ‘320 225

bﬁf’“”“f* 9 350 — (60

S SE-10 = qc [hsids ) = g

= ~fd + 32 Ty S _ e
= —4 q
= .

-40°C =—40°F,
’)\ﬁw:; SCulPS Cross
ot 4’
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L T0°F £11°C
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Example 3

The area of a trapezoid is found by using the equation A=

(a) Solve for hin terms ofa b and A.

76(_‘ h(a+
) QA:"*’ h(a+b))
-’ 0?74 = h(a+|o)
QA

o+b

h(ath)

a+b

Example 4

Einstein’s famous equation, E =mc’, describes the relationship between energy (E) and mass (m). In this
equation, c represents the speed of light (approximately 300 000 km/s), a very important constant of nature.

(a) Solve for m in terms of £ and c.

Copyright ©, Nick E. Nolfi

h(a+b).

(b) Solve for a in terms of A, b and A.
A= hlath)
=¥

LaA = At
S A < hlavb)

/e A =hathb
/. 9A=hb=hathb=hb
o Qh-hb = ho

(b) Solve for ¢ in terms of £ and m.

/

(c) Solve for bln terms ofa hand A.

A,
&A 5L ( h(a+b )
QA hfoﬁb)
, QA. - }’\6{-“”’11')
; A-ha= hathb-hq

J‘f &A *ha =
h




Example 5

The Pythagorean Theorem (also known as Pythagoras® Theorem) relates the lengths of ¢
the sides of a right triangle. According to this theorem, if ¢ represents the length of the
hypotenuse (the longest side of a right triangle) and a and b represent the lengths of the

other two sides, then b
¢t =a’+b’
(a) Solve for o’ (b) Sofve for b (¢) Solve for c.
;1 2 b?— ‘ : —a 1—
-b’l =0 +l7 S c?-at= oM b

J’_g: s |

J’f C, — qg+b?

Einsteinian Challenge!

Albert Einstein discovered that the universe can behave in strange and unexpected ways. For example, he discovered that
the mass of an object is nor constant! According to Einstein’s Special Theory of Relativity, the mass of an object
depends on the velocity at which it is travelling! As counterintuitive as this startling result might seem, it has been
confirmed by every experiment ever performed.

The relationship between the mass and velocity of an object is described by the equation given below. This equation is
derived from revolutionary results that Einstein published in 1905. These results, along with their consequences, later
came to be known as the Special Theory of Relativity. (The two groundbreaking papers published in 1905 that formed the
foundation of Special Relativity are entitled On the Electrodynamics of Moving Bodies and Does the Inertia of a Body
Depend on its Energy-Content?)

The Equation The Meaning of the Symbols Example of Use

Calculate the mass of a 100.0 kg object moving at three-

° ity h i
v — The velocity of the object aiictets the Soeed o light

This is a variable quantity.

po B | T Tspetaflght | me it ez, mer
| —:—z o m, — The rest mass (mass when v=0) | v =i—f i%(2997"92) =224844 km/s
This is a constant quantity. m, 100.0 '
s m — The mass (mass when v > 0) S 2 - 2248442 e
This is a variable quantity. \/' ) J' ~999797°

The Challenge
Solve for v in the equation given above (i.e. Einstein’s equation that relates mass to velocity). $5;m Z?Dnu.‘s I
?

!

Summary 1

1. An equation that contains two or more variables and that is not an identity is often called a formula. Such equations
describe how the values of two or more variables are related to one another.

|
|
2. Such equations can be rearranged or manipulated by performing the same operation to both sides. |
3. The purpose of rearranging is to solve for one variable in terms of all the others. \

Homework
Write down your homework assignment in this space.
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