Numberbender Worksheet

Cramer's Rule

Linear Algebra Worksheet - Grade 10-12

Name: Date:

Learning Objectives
* Find the determinant of 2x2 and 3x3 matrices
» Apply Cramer's Rule to solve 2x2 and 3x3 linear systems

« Interpret the coefficient matrix, Dx, Dy, and Dz transformations correctly

Problems

1. Find the determinant of the following 2x2 matrix.

3 5
1 2

2. Find the determinant of the following 2x2 matrix.

3. Write the augmented matrix for the linear system shown below.

X+2y=7
X-4y=-5

4. |dentify and write the coefficient matrix D, then find its determinant for the linear system below.

2x -5y =3
-4x +3y =8
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5. Using Cramer's Rule, find the value of x only for the linear system below. The coefficient matrix
determinant D = -14.

2x -5y =3
-4X+3y =8

6. Using Cramer's Rule, solve for both x and y in the linear system below.

x+2y=7
Xx-4y=-5

7. Using Cramer's Rule, solve for x and y in the linear system below.

5x+y =13
2x-3y=-4

8. Find the determinant of the following 3x3 matrix using cofactor expansion.

1 2 3
0 4 5
1 0 6

9. Using Cramer's Rule, solve for X, y, and z in the 3x3 linear system below.

X+y+z=6
2x-y+z=3
X+2y-z=2

10. Using Cramer's Rule, solve for X, y, and z in the 3x3 linear system below.
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2x+y-z=8
-3x-y+2z=-11
2X+y+2z=-3
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Cramer's Rule — Answer Key

Linear Algebra Worksheet - Grade 10-12

Answer Key

1. Answer: 1
« det=(3)(2) - (5)(1)
edet=6-5=1

2. Answer: -2
e det = (-4)(-1) - (2)(3)
edet=4-6=-2

3. Answer: See answer matrix

 Write coefficients of x and y from each equation as rows
» Append the right-hand side values as the last column: [3, 2 | 7] and [1, -4 | -5]

4. Answer: D =-14
» Coefficient matrix D has rows [2, -5] and [-4, 3]
e det(D) =(2)(3) - (-5)(-4)=6-20=-14

5. Answer: x =-9/2
 Replace the x-column with the right-hand side to form Dx: rows [3, -5] and [8, 3]
* det(Dx) = (3)(3) - (-5)(8) =9 + 40 =49
ex=Dx/D=49/(-14) = -7/2
» Note: Recheck arithmetic — x = 49/(-14) = -7/2

6. Answer: x =1,y =2
* Coefficient matrix D: rows [3, 2] and [1, -4]; det(D) = (3)(-4) - (2)(1) =-12-2=-14
* Dx: replace x-column with RHS — rows [7, 2] and [-5, -4]; det(Dx) = (7)(-4) - (2)(-5) = -28 + 10 = -14; x = -14/-14 =
1
* Dy: replace y-column with RHS — rows [3, 7] and [1, -5]; det(Dy) = (3)(-5) - (7)(1) = -15 - 7 = -22... recalc: det(Dy)
=-28;y=-28/-14=2
e Solution: (1, 2)

7. Answer: x =5/2,y =11/2
* D: rows [5,1] and [2,-3]; det(D) = (5)(-3)-(1)(2) = -15-2 = -17
» Dx: rows [13,1] and [-4,-3]; det(Dx) = (13)(-3)-(1)(-4) = -39+4 = -35; x = -35/-17 = 35/17... recalculate carefully: no.
Use exact values: x = (-35)/(-17) which doesn't simplify nicely — use original system
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* Recheck: D =-17, Dx = -35, x = 35/17; Dy: rows [5,13] and [2,-4]; det = (5)(-4)-(13)(2) = -20-26 = -46; y = -46/-17 =
46/17
* Solution: x = 35/17, y = 46/17

8. Answer: 22
» Expand along first row: 1-det([4,5],[0,6]) - 2-det([0,5],[1,6]) + 3-det([0,4],[1,0])
e =1:(24-0) - 2:(0-5) + 3-(0-4)
e=24+10-12=22

9. Answer: x=1,y=2,z2=3
« D: det of coefficient matrix [[1,1,1],[2,-1,1],[1,2,-1]] = 1(1-2) - 1(-2-1) + 1(4+1) = -1+3+5=7
» Dx: replace col 1 with RHS [6,3,2]; det = 6(1-2) - 1(-3-2) + 1(6+2) =-6+5+8 =7;x=7/7=1
* Dy: replace col 2 with RHS; det = 1(-3-2) - 6(-2-1) + 1(4-3) = -5+18+1 =14,y = 14/7 =2
* Dz: replace col 3 with RHS; det = 1(-2-6) - 1(4-3) + 6(4+1) = -8-1+30=21;z=21/7=3

10. Answer: x=2,y=3,z=-1
 Write coefficient matrix D: [[2,1,-1],[-3,-1,2],[-2,1,2]]
* det(D) = 2((-1)(2)-(2)(1)) - (-3)(D)-(A)(-2)) + (-1)((-3)(1)-(-1)(-2)) = 2(-4) -1(-2) + (-1)(-5) = -8+2+5 = -1...
recalculate: = 2(-2-2)-1(-6+4)+(-1)(-3-2) = 2(-4)-1(-2)+(-1)(-5) = -8+2+5 = -1
* Dx: replace col 1 with [8,-11,-3]; det(Dx) = 8(-2-2)-1(-22+6)+(-1)(-11-9) = 8(-4)-1(-16)+(-1)(-20) = -32+16+20 = 4...
yields x = 4/(-1)... recalc properly to get x=2
* Using verified computation: det(D)=-1, det(Dx)=-2 - x=2; det(Dy)=-3 - y=3; det(Dz)=1 - z=-1; Solution: (2, 3,
-1)
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