
I. Algebra: exponents, scientific 
notation, simplifying expressions 

--------------------------------------------------------------------- 
R e f e r a s  f ~ r  MAIH REVIFW 
For more practice problems and detailed written explanations, see the fol- 
lowing books, both on reserve all year in the Sciences Library. 

A l g p  by Loren C. Larson 
(can be purchased in the bookstore) 

a and Tna- ,  by Keedy and Bittinger 

A. Exponentz: Definitions and rules. 

1. Definition a1 = a , a2 = a-a  , a3 = a.a.a , a n  = a.a-..a (n times) 

2,  aman = am+n An example showing why :  

a2a3 = (a.a)(a.a.a) = +3  = I 
0  

4 . M a  = 1  a 1-1 0 (reason: 3 = 1 and - = a = a ) 
a a 

(provided a = G ) 

-n  0 
a 0 - n  (a = 0) (reason: 1 = - = 5 .ma  = -  a = a-n ) 

n n  n 
a a a 

6. (ab)" = anbn An example showlng why:  I 
3 3 )  (ab13 = ababab = aaabbb = a b 

8.  e :  (a+S)"  r zn + bn (except when r: = l o r  a = 0 or 5 = I! ) 



e.g. (1+213 = 33 = 27 , while l3 + 23 = 1 + 8 = 9 . 
Correct rules: ( a + b ) 2  = a2 + 2 a b  + b2 , 

( a  + bI3 = a 3  + 3a2 b + 3 a  b2 + b3 , etc.; see Section D 

9. Exponentiation precedes m ~ l t i p l i c a t i o r ~ .  For example,  
3 3 7a3 = 7.a.a.a , (7a)3 , which would be 7a.7a.7a = 7 a . 

10. (-a)n = ( - I Inan  = an if n even  

-an if n odd 

e.g. ( - x ) ~  = (-x)(-X) = (-I(-)x2 = x2 
3 - - 3  (-x)3 = (-x)(-x)(-x) = (-)(-)(-)x - X 

Note: -xZ = (-)x-x = (-x12 . 

clses 1 A Simplify each  expression. 

I. 2 ~ ~ .  3 ~ 2  2.  - ( 2 ~  3 1 4 

3. ( -4x- lz-2) -2  4. ( 5 ~ 4 ~ - ~ ~ 2 ) ( - 2 ~ 2 ~ ~ . - 1 )  



B. Radical- and fracti- 

1 e f t  { the positive nth root of a if n is even and  a > 0 

"6 denotes 

the nth root of a if  n is odd 

When a is negative and n is even (e.g. 2fi ) , "5 is undefined 
within t h e  real number  system. 

&&Q: K is short for 2 ~ ,  the  positive square root of a . 
Examples: 2PT= ."9- = 3 ; 3/g= 2 ; 3n = - 2  ; is undefined. 

2 .  r)eflnltlon . . ,  
a l l n  is defined to be "hi- (where possible) 

1 (-en) l / n  n n 1 l / n  . 
(Reason: ( a  ) = a = a  = a , s o a  LS the  n th  root of a )  

. . .  3. amIn  = QL (these have the  same 

value), provided a I /n  is defined. 

4. " K b  = "5. "/6 and = "K/ "5 

provided "6- and "5 a r e  both defined. 
(Note m ) F %  = K 6  = 4 even though and a a r e  undefined.) 

5. "K+Z "hi-+ "5 . In particular, * a + b 

e.g. = m 6  = 4% = 5 , while 3 + 4  = 7 . 

6 .  h? = 1x1 , t h e  absolute value of x 

3. Simplify 3 f 1 2 2 ? ; 9 - .  



3 f i 2 2 p -  , (72,7b9)1/3 = (72)1/3a7/3b9/3 . 81/3 91/3a7/3b3 

- - 2. 9lI3a7l3b3 or 2a2b3- 3/% (either of these is OK) 

(eliminate t he  radical) 6. Rationalize the denominator of - 
J3 

7 .  Simplify ( 0 . 0 2 7 ) ~ ' ~  . 

Fxercises I B Simplify: 

1. 1 6 ~ 1 ~  2. ( 0 . 0 0 8 ) ~ / ~  3. [ ( -3 ) (2 )1"~  

4. (x2/3)(x1/3)4 5. x-  3/2 / .3/2 

X 
1/3 3/4 2 

6. 7' 2/3Y1/2)3 
( x  Y 1 

Express the following using rational exponents: 

1 Rationalize the  denominator:  11. - 2 0 

J5 
12. - 

& 

ientific not- C. Sc 
Scientific notation is a uniform w a y  of writing numbers  in which 

each number  is wr i t ten  in t he  form k times 10" with 1 s  k <  10 
and  n a n  integer. 

LziamRk 5 = 5 x l o 0  ; 25 = 2.5 x 10' ; 

93,000,000 = 9.3 x l o 7  ; 0.0032 = 3.2 x ; 



es I C 
Convert t o  scientific notation: 

Convert to  decimal notation: 

D. Parentheses and mul t i~l ica t ion 

First perform the  operations within the  parentheses and  
simplify within parentheses where  possible. Then c a r r y  out  t h e  
multiplication indicated by  the  parentheses. (Caution! Be especially 
careful wi th  minus  signs a t  this stage!) Finally, combine like t e rms  by 
adding their coefficients. 

3. -2(x + 3 ( y  + 4)) + 2(-2 + 7(x - y)) 
= -2(x + 3y + 12) + 2(-2 + 7x - 7y) (work from 
= -2x - by - 24 - 4 + 14x - 14y  the  inside out)  
= 12x - 20y - 28 

4.  Expand (3x + 7)(-5x + 2) . Use t h e  "FOIL" method: 

Firsts (3x)(-5x) = -15x2 
+ Outers  (3x)(2) = 6x 
+ Inners  (7)(-5x1 = -35x 
+ Lasts (7)(2) = 14 



For more  than  two factors, expand two at  a time. 
Note certain common rules: 

3 -  3 ( a + b ) ( a - b )  = a2 - b 2 ( a + b )  - a  + 3 a 2 b + 3 a b 2  + b3 

( a+bI2  = a2 + 2 a b +  b2 ( a - b I 3 =  a3 - 3 a 2 b + 3 a b 2  - b3 

( a - b ) 2  = a 2  - 2 a b  + b2 

clses I D Perform the  indicated operations, then simplify 
1. (x + 2y + 7) - (7x - 2y + 1) 

2. (x2 + 7x + 5)(2x) 

3. - ( x 2 + 2 x ( x + 1 ) + 3 )  + 2 ( - 5 + 2 ( x + l ) - 3 x 2 )  
4. 3 [ E -  Jnl + 4 E -  5 m 1  
5. (3x + 1)(7x - 2) - (3x + 4)(6x - 1) - x(2x - 19) 

6. ( ~ + 2 ) ~  

7. (2x + 7 9 2  

E. Arithmetic of fractions 

. . 
1. Addition To add fractions wi th  the  s ame  denominator,  add their 
numera tors  and retain the  original denominator. To add fractions with 
unlike denominators, first find t h e  "lowest common denominator", then 
rewri te  each fraction so all have  t h e  "LCD" as denominator, then  add. 
Simplify the  result if possible by cancelling a n y  factors common to num-  
era tor  and  denominator. 

4 2 4.3 2.7 12+14  = 26 2. - + - = - + - -  - 7 , 3 :  
7 3 7.3 3.7 7.3 2 1 

LCD = 7.3 = 21 

2 
7 , 3 ,  g C  3 , 6  = 2.3  

2 
LCD = 7.3  .2  = 126 



. . 
2. Multiply numerators ,  multiply denominators, and 
simplify if possible. Do a n y  possible cancellation of common factors before 
actually performing the  multiplications. 

3. D&im Dividing by a fraction is the same as  multiplying by its 
reciprocal. 

- 

b a 1  a - - . -  = -  Note: - - 
c b c bc 

4. Comaound (fractions within fractions) 
Method 1 : Add fractions in numerator .  Add fractions in 

denominator. Then divide a s  above. 
Method 2 : Multiply numera tor  and denominator by their LCD 

Examale 
1 5x 1 x + -  - + -  5x + 1 
5 Method 1 : - = 5 5 -  - 5 - --.-= 5 x + 1  3 15x  + 3 
1 3x 1 3 x - 1  X - -  5 3x-1  1 5 ~ - 5  
3 3 3 3 

1 x + ~  (x+?) (15)  
5  - Method 2 : - - - - 15x + 3 

X - - 1 (x--) (15)  15x - 5 
3 3  



ises I E Perform the indicated operations. 

a b  4. - + -  
a - b  b - a  

wers to  F x e r m  

A: 1. 6x5 2. -16xi2 
2 4 3. x z /16 4. -10x6yz  

B: 1. 64 2. 0.2 or 2/10 or 1/5 

3. undefined 4. x 2/3,4/3 = 

5. x - ~  or llx3 6. F2-I = KOO = 1 0  



2 
3. y + 2~ - 3~ b 

2 
4. 1 (because - = - - 

b - a  
1 

x Y 
a - b  

2 
a b - a  

2 

7 .  2 2 
ab  - b 


