MA322-007 Jan 22 worksheet
Span

On Tuesday we covered several equivalent questions. For example solving these two systems
was the same as tracing out a path on a grid:
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Solving these two systems was the same as balancing this chemical reaction:

31’1 — I3 =0 3 0 1 0 T C3H8 —+ Z9 OQ
8.171 — 21’4 =0 T 8 + T 0 = T3 0 + T4 2 i
21’2 — 21’3 + x4 = 0 0 2 2 1 I3 OOQ + 24 HQO

However, some grid problems and some chemical reactions had no good solutions:
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In all of these problems, we need to write a vector b as a linear combination of some other
vectors Vi, Vo, .... The span of a set of vectors Vi, Vq, ...is the collection of all linear
combinations b = x1V; + 29Va + ... of those vectors.

The span of a single vector is usually a line. The span of two vectors is usually a plane.

Matrix equation

It can be convenient to gather all the vectors vy, Vs, ...into a single matrix A, and all of the
coefficients 1, x5, ...into a single vector X. Then the linear combination itself is written as
AX=Db
T Z1
T T2 T2
A= Vi Vo ... Vn X = . Vi Vo Vn . =T1V1 + TaVa + ... TpVn
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Stoichiometry!
(a) Balance this reaction: CsHg + 0Oy — COy + H,0O

(b) Find scalars xy, 9, z3, and x4 (not all zero) so that

3 0 1 0
T 8 + T2 0 = T3 0 + Ty 2
0 2 2 1
333‘1 = T3
(c) Solve the equations 8ry = 214

21‘2 = 21’3 + x4

(d) Row reduce this matrix:
30 -1 =010
8
02 -2 —-110
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30-1-0107 o, 10-1/3  0[0] oo L0-1/3  0[0 ] .0 100—1/4|0
Hint: | 80 -0 —2|0 | —25 251 00 8/3 —2]/0 | 22| 01 —1-1/2]0 | 25,1 010 -5/4(0
02-2-1l0 | Fe=®3E | g1 1 _1/2|0 | 278 | g0 1-3/4|0 RatRs 001-3/4|0

(e) What is the general solution?

(f) What is a non-zero solution with all integers?



MA322-007 Jan 22 quiz Name:

To + 55(33 =0
HW1.3(#9) Write this system of equations as a single equation of vectors: 4z + 6z — 23 =0
—r + 31‘2 + 81‘3 =0

HW1.3(#13) Write b as a linear combination of the columns of A where

1 -4 2] 3
A= 0 3 5|, b=| -7
—2 8 —4 -3

1.4a Write HW1.3#9 as a single equation in the form AX = b.

1.4b(HW1.3#22) Give an example of a matrix A and a vector b so that the equation AX = b
has no solution.



