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Multiplication:

The following rectangle is to be considered as one whole, i.e. the number 1. It appears
to be cut into 12 equal pieces.

Now, two of the three horizontal rows of the rectangle have been lightly shaded. This is

. 2
a picture of 3

Now, three of the four vertical columns of the g have been darkly shaded.

. . . . 3.2 . : .
This is a picture of three fourths of two thirds, i.e. " X 3 It is also a picture of six
- .6 . 1
darkly shaded parts out of twelve original parts, i.e. Iy which reduces to 7 The
. . 3.2 3x2 6 1 _
picture illustrates the rule, = X - = = — = —. The general rule is:
43 4x3 12 2
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So, to multiply two fractions simply multiply the numerators and the denominators.
However, answers must be reduced to simplest form, i.e. one must remove the common
factors from the numerator and denominator.
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That appears to be very awkward. Multiplying first and removing common factors later
is more difficult than necessary. It is better to remove the factors that are common to
the numerators and denominators before multiplying. If the common factors are
removed first the numbers to be multiplied are smaller, and the resulting answer is
already simplified. The previous problem would look like:

1 1

2,2 _1x1_1
4 3 2x1

2 1

This was the short version of the computation. It was recognized that a 3 was common
to the numerator and denominator, so the 3 was divided out of the numerator and
denominator and replaced in each place with a 1. It was also seen that a 2 was
common to the numerator and denominator, so the 2 was divided out of the numerator

and denominator. The numer wasmeplabess wkt h a 1 and the
with a 2. Most people call this cancelling. The details would actually look like:
3 o 1x3 1x2 1x3 1x2 1 1 Ix1
X
—X == s X 2 __3 X 2 % 2 - ==
4 3 4 3 4 3 4 3 2x1 2
2x2 1x3 2x2 1x3 2 1
If you do not believe cancelling first makes things easier try this one:
85 76
95 " 51
Multiplying straight across gives:
85 76 _ 85X76 _ 6460
95~ 51 95x51 4845
Try reducing that fraction! You might cancel a 5, but then you are stuck with % L f

you had cancelled the 5 in the first place the problem would have looked like:

denomi



85 76 _ 17 _ 76
95 51 19 51

The 17 and 19 are prime numbers. They have no nontrivial factors, so you would try 17
into 51 and 19 into 76. They do divide. So the problem looks like:

85 76 17 X 5 19 X 4 5 17 19 4 1 4 4
—X == =ZX—=X—=X-=>X-=-
95 51 19X 5 17 x 3 5 17 19 3 1 3 3

The common 5, 17, and 19 are cancelled before the multiplication. Factors like 17 and
19 are definitely easier to find before multiplication, before the numbers become very
large. Here is what it would look like if it were done efficiently. First the 5 is canceled
then the 17 and 19 are canceled.

85 76 : 76 ; ’ 1 4 4
95" 51 85" 51 ¥ 51 13 3
19 1 3

Not quite as efficient, but a more visual and, thereby, possibly better approach would
look like:

1x1 4x1
SxiZ 4x319
85 76_ Qc 26 _1><1><4><1_4
95 51 95 ~ 5%  1x1x3x1 3
5x19 3IxI
1x1 3x1

Division:

Once multiplication is mastered, division is easy. Division is multiplication by a
reciprocal.

1
a+b =ax-
b
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Just invert the number to the immediate right of the division symbol and change to
multiplication. Once it is multiplication you should cancel any like factors from the
numerator and denominator, and then multiply straight across. For example:



(Remember to invert the right one, not the wrong one. The right one is the one on the
right, not the left.)

. 1 : :
How can we just say that =~ b = a X 27 Recall that a = b is the unique number that

would multiply b to get a. If we multiply b by a X % and use the associative law of

multiplication we get:
(ax—)x b = ax(%xb): axXxl=a

1 . : - L
So? ax- does act like a = b. When it multiplies b it gives a. The number that
multiplies b and gives a is unique, and itis a = b. Thatiswhy a + b = a X P

Examples of multiplication and division:

1x1 1x1 7x1
1X3 1x4 7X3

3 4 8 3 4 21

— X = — ==X =X — = s X 4 X Cc

2 9 21 2 9 8 2 9 8
IX3 4X2
1x1 1x2

CIxIxX1x1x7x1 7
T2X1x1x1x2 4

. 8 .
(Notice that only the + - changed. The 4 on top canceled a 4 that was in the 8 on the

bottom. That 4 could have been split into a pair
without changing the outcome. The ni ne on the bottom was spli
canceled a 3 from the top.)

1x1 1x1 1x1

3 t7 38 3 14 38 1x3 2x#Z 2x48
3 4 38

— et —X—==X—X——= X X

4 14 21 4 57 21 4 57 21

Z2XZ2 3IXx49 ZX3
1x1 1x1 1x3




1x1x1x1x1x1 1

T 1x1x1x1x1x3 3

5
(Notice that only the =+ 1—Z changed.)

1x1 1x1 4x1

3 9 15 3 5 g 1X3 1X5 4x2
— -t —==X=X—= 3 X 5 X 8
2 5 8 2 9 15 2 9 iS5

1x2 3Xx3 5x3
1x1 1%x3 1x3

I1X1x1x1x4x1 4

T Ix1x1x3x1x3 9

_ 9 15 L L
(Notice that both the =+ = and the + 5 changed. Division, and only division, changes
to times the reciprocal of the next, and only the next, number.)

35 17 3 8
— X —X—X—=
9 5 34 21

_1x1x1x4_
T 3x1Xx1%x3

4
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Or, making things more visible:

1x1 1x1 1x1 1x4
3 17 3 o ExZ 4EZx1 3IxXx1 2%X4
35 17 32 g
— X —X—X—= X X X
9 5 34 21 9 5 24 2%
2X3 E5Ex1 x2 £X3

1x3 1x1 1x1 1x3

I1X1X1Xx1Xx1Xx1x1x4 4

TIx3x1x1x1x1x1x3 9
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Multiplying and Dividing Fractions Exercise Set #1

Examples of multiplication and division:

1x1 1x1 7X1
1x3 1 X4 7 X3

3 4 8 3.4 21 7
2 9 21 2 9 8
3X3 4X2
1x1 1Xx2

8
(Notice that only the + - changed. The 4 on top canceled a 4 that was in the 8 on the

bott om. That 4 could have been split into a
wi t hout changing the outcome. The nine on th
canceled a 3 from the top.)

1x1 1x1 1x1
1x3 2xZ 2x49

14 38 3 14 38
SepEias =X —X—=——X X =
4 14721 47577 21 4 57 2+
2x2 3x49 2Zx3

1x1  1x1 1% 3

3 .57 38 3

(Notice that only the + > changed.)
14

1x1 1x1 4x1
1x3 1X5 4x2
3 9 3 5 8 3 5 g 4
— -+t —==X=-X—== X X ==
2 5 9 2 9 5 9
1x2 3%x3 5x3
1x1 1%x3 1x3

(Notice that both the + 2 and the + 15 changed. Division, and only division, changes
5 8

to times the reciprocal of the next, and only the next, number.)

1X1 1X1 1xX1 1X4

S XZ 1Z X 1 3IX1 2X4
17,38 __ 3 17 3 s _ 14
X=X X o= =g X =g X X5 =
2 X3 £X1 1Z X 2 ZX 3
1x3 1X1 1xX1 1X3




Exercises:

7. .4_3 .5
1. —+-X=-+-=-
3 978 4

Fill in the blanks and cancel, showing all work and following the examples above.

7 4 3 5 7 3
—F =Xt =X — X=X — = —
3 9 8 4 3 8
63
40
AnNs:

—F T — X=—==X X X =

ANs:

Simplify the following completely. (You must follow the examples above and
indicate all cancelations before the final multiplications.)

7 16
3. —X—
24 21
ANS:
5 . 2
7 21
ANS:
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52 1 7

9 39 " 27
Ans:
85 17
6 12
ANS:
1 7 4
_x_____
3 25 15 5
ANS:
1 7 5
_____x_
36 18 24
ANS:

4 5 225
7728”7



9., - +—+—X—
5 25 20 10
5 1 5
10. = +=-X-X—
7 4 12
5 1 3 5
11, — X=X -+ —
142 7 49
1 2
12, =+ -+ —+-
15

Ans:

ANS:

ANS:

ANS:
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Multiplying and Dividing Fractions Exercise Set #2

Examples of multiplication and division:

1x1 1x1 7X1
1x3 1 X4 7 X3

3 4 8 3.4 21 7
2 9 21 2 9 8
3X3 4X2
1x1 1Xx2

8
(Notice that only the + - changed. The 4 on top canceled a 4 that was in the 8 on the

bott om. That 4 could have been split into a
wi t hout changing the outcome. The nine on th
canceled a 3 from the top.)

1x1 1x1 1x1
1x3 2xZ 2x49
3 57 38 3 14 38 2 24 28
S X —=-oX—X—=—-X X =
4 14721 47577 21 4 57 2+
2x2 3x49 2Zx3
1x1  1x1 1% 3

(Notice that only the + > changed.)
14

1x1 1x1 4x1
1x3 1X5 4x2
3 9 3 5 8 3 5 g 4
— -+t —==X=-X—== X X ==
2 5 9" 15 2 9 5 9
1x2 3%x3 5x3
1x1 1Xx3 1x3

(Notice that both the + 2 and the + 15 changed. Division, and only division, changes
5 8

to times the reciprocal of the next, and only the next, number.)

1X1 1X1 1xX1 1X4

S XZ 1Z X 1 3IX1 2X4
17,38 __ 3 17 3 s _ 14
X=X X o= =g X =g X X5 =
2 X3 £X1 1Z X 2 ZX 3
1x3 1X1 1xX1 1X3




Exercises:

7

5 .
1. - =
3 24

7
X —X
16

o |lun

Fill in the blanks and cancel, showing all work and following the examples above.

5 7 7 5 5 7
—F—X—=X-==X—X—X—=—
3 24 16 8 3 16
25
16
ANs:
o, 2. 1,20
7 21 2

ANs:

Simplify the following completely. (You must follow the examples above and
indicate all cancelations before the final multiplications.)

5 6
3. —-X—
9 25
ANS:
7 5
4, —+—=
27 18
ANS:



23

11

6

12

7

65

33

46

7 4
15 5
7 5
18 24
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Ans:

ANS:

ANS:

ANS:



8 &5 4 8
9, —+—-X—=—
3 9 45 25
Ans:
5 5 7 5
10. - X=X —+ —
9 6 16 48
ANS:
5 2 3
11. - =—-+—X—
4 5 25 50
ANS:
5 8 5
12, — X -+ —+—
12 15 48
ANS:
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