3

Determinants and Cramer’s Rule
[image: ]


[image: ]




[image: ]
You can use Cramer’s rule to tell whether the system represented by the matrix has one solution, infinitely many solutions, or no solutions.
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Step 1)

Step 2)
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Use Cramer's rule to solve each system of equations.

B {yfzfxx

w—y=17
Jw—y=-2
Sr—y=17
Step 2 Find the determinant of the coefficient matrix.

3 -1
3 -1

Step 1 Write the equations in standard form. {

— 3=

o

D=0, 50 the system s either inconsistent or dependent. Check the
numerators for x and y to see if either is 0.

3 -2
3 7

a ¢
a ¢
0

Neither numerator is 0. The system is inconsistent with no solutions.

6r—2y=14
2. Use Cramer’s rule to solve.
r=y+7

‘To apply Cramer's rule to 3 x 3 systems, you need to find the determinant of a
3 x 3 matrix. One method is shown below.

|:z7

Rewrite the first two columns at the  Add the sum of the products of the red diagonals.
right side of the determinant. Then subtract the sum of the blue diagonals.
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B To apply Cramer’s rule to 3 x 3 systems, you need to find the determinant of a =
3 x 3 matrix One method is shown below.

Rewrite the first two columns at the  Add the sum of the products of the red diagonals.
right side of the determinant. Then subtract the sum of the blue diagonals.

U

@,y + byCyay + by — (aghyc, + bycya, + c3azb,)

@ by ¢
detla; b, ¢, = |a,

a3 by =S
EXAMPLE Finding the Determinant of a 3 x 3 Matrix
Find the determinant of A.
4-2 0 4-2 0 4-2 0| 4-2
A=|-3 10 1[detA=|-3 10 1|sowrite|-3 10 1[-3 10
[ Helpful Hint S - i s
, Step 1 Multiply each “down” diagonal and add. = 2
Lightly draw 4(10)(-1) + (-2)()(@) +0(-3)(6)=—44 |3 10
the diagonals to
help you locate Step 2 Multiply each “up” diagonal and add. =¥ "2
the six products (2)(10)(0) + (6)(1)(4) + (-1)(-3)(-2) =18
ded to find th
Seterminant e Step 3 Find the difference of the sums. —
—44-18=—62. A1 [I‘ ~sa ]
inant i 5316 1
‘The determinant is —62. e
Check Use a calculator. et cIal> 62

Dane. Unknown Zone
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2-3 4
m 3. Find the determinantof | 5 1 -2 |
10 3 -1

Cramer’s rule can be expanded to cover 3 x 3 systems.

Cramer’s Rule for Three Equations
ax+by+cz=d,
The system { a,x + b,y + ¢,z = d, has solutions given by
ax+by+cz=ds

by ¢ 2, by fd

3, by
Ib; <, 2 by|ds | e
3, by ¢

by ¢ a; by \d
= g y= 2= 2 " where D = |35 bs |and D 0.

1f D# 0, then the system has a unique solution.

1f D= 0 and no numerator is 0, then the system is
inconsistent. If D = 0 and at least one numerator is 0,
then the system may be inconsistent or dependent.

EXAMPLE Nutrition Application

Anutritionist planning a diet for a football
player wants him to consume 3600 Calories

Calorles per Gram
Dane. Urknown Zone





image8.png
273.pdf - Windows Internet Explorer

<, http: fmy.hrw. commath06_07studentpdffengishfalg?_tx/algz_tx_07_0273.pdf v

= & G ee i @ - (I -

Tconsistent. If D= 0 and at least one numerator is 0,
B then the system may be inconsistent or dependent.

EXAMPLE Nutrition Application

Anutritionist planning a diet for a football
player wants him to consume 3600 Calories
and 750 grams of food daily. Calories from

Calorles per Gram

protein and from fat will be 60% of the Calorles
total Calories. How many grams of protein, Proten 2
ill this diet include?
carbohydrates, and fat will this diet include? |~ 20—
‘The diet will include p grams of protein, ot 5
¢ grams of carbohydrates, and fgrams
of fat.
m 4p + 4c + 9f=3600 Equation for total Calories
p+c+f=T50 Total grams of food
When an equation is
missing one variable, 4p+0c+ 9f = 2160  Calories from protein and fat, 60%(3600) = 2160
be sure to write the Use a calculator. D4 9 4 /4600\9 4 4/5600
missing term with a { 11 1 1 11
coefficient of zero. 449 o o 1\o160/0 3 0\o150
D=|111]|=-20 p= c= -
4p + 0c + 9 = 2160 100
_ 5400 _ 7200 _ 2400
P=""30 =20 ="
p=270 =360 f=120
‘The diet includes 270 grams protein, 360 grams carbohydrates, and
120 grams fat.
m 4. What if...? Adiet requires 3200 calories, 700 grams of food,
and 70% of the Calories from carbohydrates and fat. How many
orams of protei et it o
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Vocabulary
determinant
coefficient matrix
Cramer’s rule

determinant, shown by straight

vertical brackets, such as

12| The determinantis a
34

useful measure, as you will see later in this lesson.

Determinant of a 2 x 2 Matrix

NUMBERS ALGEBRA

— The determinant of w12
a2 by 2 matrix is the 34
difference of the products | +
of the diagonals |;x§| — @ - @ - -2
EXAMPLE Finding the Determinant of a 2 x 2 Matrix

Find the determinant of each matrix.

= [

65 | . »
> =6(3) - 8(5) Find the difference of the
Reading Math 5 / | 83 s o
The determinant =18-40
of matrix A may be ‘The determinant i
denoted as det A or
|A]. Don't confuse Lz
the | A| notation B |33
with absolute value -6 3
notation. 1 iJ
5 5(_1 _e(2)_ _
e 7?(3)7( 6), 3)7“475 &
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EXAMPLE

Reading Math 2

The determinant
of matrix A may be
denoted as det A or
|A|. Don't confuse
the | A| notation
with absolute value
notation.

Dane.

e e - @ i -

Finding the Determinant of a 2 x 2 Matrix

Find the determinant of each matrix.

| —6(3) = 8(5)

=18-40=-22
The determinant is —22.

l

=3~ (4;)(%): 1+4=5

Find the determinant of each matrix.

3
0.2 30] 1b.
—03 5

Find the difference of the
cross products.
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‘You can use the determinant of a matrix to help you solve a system of equations.
For two equations with two variables written in ax + by = ¢ form, you can
construct a matrix of the coefficients of the variables.

ax+by=c, .  fab
For the system . the coefficient matrix is .
ax+by=c, a, by

The coefficient matrix for a system of linear equations in standard form is the
matrix formed by the coefficients for the variables in the equations.

a, b,
‘The determinant D of the coefficient matrixis | ' b‘ L
a; by

Know/{U Cramer’s Rule for Two Equations
s solutions x = ﬁ
E 2: b.
{a " has solutions x = 29 wherep = |*' 1|

z}x+bly— 4 a, b,

‘You can use Cramer's rule to tell whether the system represented by the matrix
has one solution, no solution, or infinitely many solutions.

Solutions of Systems

If D # 0, the system is If D= 0and at least one If D = 0 and neither

consistent and has one numerator determinant numerator determinant

unique solution. is 0, the system is is 0, the system is
dependent and has inconsistent and has no

Unknown Zone
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B Solutions of Systems
I£D # 0, the system is D= 0andat leastone | If D= 0 and neither
consistent and has one | numerator determinant | numerator determinant
unique solution. is 0, the system is is 0, the system is

dependent and has inconsistent and has no
Infinitely many solutions. | solution.

- | — | —

EXAMPLE Using Cramer’s Rule for Two Equations
Use Cramer's rule to solve each system of equations.

a {xfy:S

20y

Step 1 Find D, the determinant of the coefficient matrix. [; ’:

1 -1
D |2 “=ren -z

L D 0, 50 the system is consistent.

Step 2 Solve for each variable by replacing the coefficients of that
variable with the constants as shown below.

|22l
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