7.3A Simplifying Roots and Radicals

A. List of Squares/Cubes/Etc. To Memorize

1. Squares

22 =4 |10%2=100
32=9 |112=121
42 =16 | 122 = 144
52 =25 | 132 = 169
62 =36 | 142 =196
7> =49 | 152 =225
82 =64 | 162 = 256
92 =81

2. Cubes
22 =8 | 53=125
33 =271 6% =216
43 =64

3. Fourth Powers

24 =16 | 4* = 256
3t=81|5*=625

4. Fifth Powers
25 =32 | 35 =243
5. Higher Powers

26 =64 | 29 =512
27 =128 | 210 = 1024
2% = 256



B. Simplifying Roots

To simplify a root, we remove the largest perfect power fraiside the root and put it as
the base outside.

Note: If you don’t remove theargest, your root may not be fully simplified!
Example1: Simplify v/320.
Solution
We identify the largest number in the cube table that goes3iz.
Since64 is the largest number to go in820, we write /320 = /64 - 5

Since4? = 64, the64 comes out as & Thus, we have

Ans |45

Example2: Simplify v/648.

Solution
We identify the largest number in the fourth power table tees into648.
Sinces1 is the largest number to go in6ds, we write v/648 = v/81 - 8

Since3* = 81, the81 comes out as & Thus, we have

Ans |[3+v/8




Example 3:  Simplify +/600.
Solution

We identify the largest number in the square table that gae$i0.

Sincel00 is the largest number to go in690, we write1/600 = /100 - 6

Sincel0? = 100, the100 comes out as &0. Thus, we have

Ans [10v/6

Simplifying Radicals

1. First simplify the coefficient root.

2. To simplify the variables, use the “divide and remaindeck: divide the power by the
index; the quotient is the power that comes out and the raeais the power that stays in.

Note:

For simplicity, we will assume during the next few sectionhattall variables rep-
resent positive real numbers so that we don’t have absoaltevssues. See the
comments at the end.



D. Examples

Examplel: Simplify {/64x5y323.

Assume that all variables represent positive real numbers.
Solution
1. First simplify the coefficient root:
The largest fourth power that goes iritbis 2¢ = 16.
Thus, we have!/6425y1323 = {/16 - daby1323 = 2{/4a6y1323.
2. Now simplify the variables (divide and remainder trick):
Forz,6 +4 =1R2
Fory, 13 +4 = 3R1
Forz,3+4=0R3

Thus we havez'y? {/4x2y123

Ans | 2zy3{/4x2y23




Example2: Simplify ¢/625x5y7210wS.

Assume that all variables represent positive real numbers.
Solution
1. First simplify the coefficient root:

The largest cube that goes irid5 is 53 = 125.

Thus, we havel/625x5y7 210w = /125 - 525y720ws = 5/525y7210uS.
2. Now simplify the variables (divide and remainder trick):

Forz,5+3=1R2

Fory, 7+ 3 =2R1

Forz,10 + 3 = 3R1

Forw, 6 =3 =2R0

Thus we havéxz!y?z3w? /522yl 2!

Ans |5zy?23w?y/5a2yz

Example 3.  Simplify /72x7y*23.

Assume that all variables represent positive real numbers.
Solution
1. First simplify the coefficient root:

The largest square that goes iiTtis 62 = 36.



Thus, we have/72x7y123 = /36 - 227y423 = 64/227y*23.
2. Now simplify the variables (divide and remainder trick):

Forz, 7+ 2= 3R1

Fory,4 =2 = 2R0

Forz,3+2=1RI1

Thus we havéz3y?z1v/2z1 21

Ans |6z23y%2v/2x2

E. Comments

1. An alternate way to simplify roots is to write the primetfarization of the number, and
then do the “divide and remainder” trick like what is usedVariables. This procedure is
longer, but useful if you can’t figure out how to break down tbet.

For example, to find/324:

324=2-162=2-2-81=2-2.92=22.(3%)2=22.3¢

Thus+/324 = /22 - 34
Now use the divide and remainder trick:
For2, we have2 =~ 3 = 0R2

For3, we havel ~ 3 = 1R1

6



Thus we have!v/22 - 31 = 3712

2. If you use the alternate method to find roots, it doesn’ttendhow” you factor the
number into prime powers. It is a fact that the final factar@a(up to order) must be the
same no matter how you do it.

This fact is called th&undamental Theorem of Arithmetic.

3. The justification for the simplification method given ingtsection comes from the
“Radical Product Rule”, which will be discussed in sectiofdA.

4. For experts:

If you want to do general simplification, allowing for the gdslity that the vari-
ables could be negative, then whatever comes out of a radusi be in absolute
values whenever the indexésen (but not when odd). This arises due to the rela-
tionship:

W_{x; if n is odd

|z|; if nis even

Let’'s do an example of this general type:

Simplify /32x137/528
1. First simplify the coefficient root:

The largest fourth power that goes id®is 2* = 16.

Thus, we havel/32213y628 = {/16 - 2213y628 = 2{/2213y6,8.



2. Now simplify the variables (divide and remainder trick):
Forz, 13 +4 = 3R1
Fory,6+~4 =1R2
Forz,8 +4 =2R0
Thus we have2z?y'z?|{/2z1y?
3. Simplify the absolute value:

Since2, z2, andz? are always positive (or zero), we can remove
them from the absolute value.

Thus we have2z?2%|zy|/2zy?




