Differential Equations and Linear Algebra

3.1 Exercises - Solutions .

Problem 1 Use the method of elimination to determine whether the given linear system is consistent (has at
least one solution) or inconsistent (has no solution). If the system is consistent, and if its solution is unique, provide
it. Otherwise, describe the infinite solution set in terms of an arbitrary parameter .

xX+5y+6z=3
Sx+2y—10z =1
8x+17y+8z =5

1 5 6 |3 1 5 6 | 3
52 -10 | 1 = Ry+(-5Ry)andR; +(-8R1) = | 0 -23 -40 | -14
8 17 8 |5 0 —23 —40 | -19
15 6 | 3
> R3+(-R2) = | 0 -23 —40 | -14 1212
0 0 0 | -5

The system is inconsistent, there are no solutions.

Problem 2 Use the method of elimination to determine whether the given linear system is consistent (has at
least one solution) or inconsistent (has no solution). If the system is consistent, and if its solution is unique, provide
it. Otherwise, describe the infinite solution set in terms of an arbitrary parameter .

2x+2y-2z=10

3x+y+3z=11
Sz+4x+y =14
22 2110 11 -1 5
3] 11 >JRi=>| 31 3 |11
41 5 | 14 41 5 | 14
11 -1 s
= Ry + (-3R;) and R3 + (-4R,) = 0 2 6 | -4
0 -3 9 | -6
11 1] 5 | 11 <115
i 11 -115
=> SR, = o1 -3 | 2 = R3+3R, = 01 -3 12 = 01 32
0 -3 9 | -6 00 0O

Is there a solution? How do we write it?

We let the "free variable" z from the "free column" be arbitrary: z — .
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It follows that y = 3¢+ 2, and also that:
X=-y+t+5=—-Bt+2)+t+5=-2t+3.
So the infinite solution set is: (x,y,z) = (—21‘ +3, 3t+2, t) , forevery t € R.

Problem 3 Given: y" — 10y’ + 21y = 0, and y(x) = Ae* + Be’*, determine the constants 4 and B, so as to find
a solution of the differential equation that satisfies the initial conditions: y(0) = 15, y'(0) = 13.

y(0) = 4e*0 + Be™ =15,  So,A+B = 15.

y' =34e* +7Be™ and 13 = 34¢3° + 7Be’, So,34+7B = 13.

We could use the symbolic substitution method. Or, using our new matrix technique:

1 1] 15
37 13
1 1] 15
=> R,-3R; =
04 | -32
| 1 1| 15
:TRQ:
01 1] -8

With B = -8and 4 = 15— B = 15— (-8) = 23.

Thus the solution of the differential equation is: y(x) = 23e>* — 8e’*.

Problem 4 aix+ b1y =c
The linear system: ax+byy =cs
asx+bsy = c3

of three equations in two unknowns (x, y) represents three lines L, L, and L3 in the xy-plane. The figures
below show six possible configurations of these 3 lines. In each case, describe the solution set of the system:
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a)no sol. b) 1 sol. ¢)no sol. d)no sol. e) 1 sol. f) infinite sols.

Prepared by Dr. Jodin Morey. Materials for Other Courses Found at MathTalker.org



