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• Infinitely many solution iffr# < n .
Malthusian population model : FFT = KP ⇒ pit) = cekt n

c = AB ⇒ cij = I aikbkj . It is mile key
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Matrix multiplication is not commutative .

Newton's law of cooling : ¥-1 =
- KIT - Tm ) ⇒ Titi = Tm + Ce

-"t Invertible matrices are nonsingular , noninvertible matrices are singular .

, . .. o If A" exists
. then A- ✗ =b has the solution ✗ = A-

' b for every b.
nxn identity matrix : In =

[¥ %)Existence and uniqueness theorem : .

If A and B are invertible,then : Elementary matrix is a matrix obtained
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The multiplier
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Amil, + Amzxzt - - - t Amnxn = bm Has solution: system is consistent

separable DE : ply> If = 91×1 ⇒ fply) ay =/ 9in ax solving Ax = b : A =L U ⇒ Ly=b
Linear DE : If + play = 9in ⇒ (Imy )' = 11×791×1 " ⇒ U ✗ = y

- I (a) = e
"" d×

g-
a" an - -- Ain - -

am an - - - Ain b ,

A = An Au - - - Ain | A
#
= ( au Au - - - Ain b,

A-

[¥9:&;) ⇒ Dean __ an /
"" "

y - a. 1¥:L:/ + as /
" ' "

yi. I i. i ! I i. I | i | an an
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Linear equations ; a , ✗ , + azxzt - - - + An ✗n = b Area of parallelogram {
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m columns

Elementary now operations: n

Determinant of triangular matrix : detlA)
= IT Aii =A.Azz - - Ann
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Aij = Aji this is m , le je n i=i
A = B # aij = bij it is is m , I c- jen 1. Pij - permute ith and j
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Milk) - multiply the ith row of A by a factor of K - • fermat

An 922 - -- Azn A is upper triangular⇒ elements are 0 when below main diagonal 3. Aijlk) - add K • ith row of A to j
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row of A .

I i i. ! A is lower triangular⇒ elements are 0 when above main diagonal
an' a'm - - - Ann
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Pivot position :
symmetric matrix : AT = A.

Skew - symmetric matrix : AT =
- A . Rank , number of nonzero rows in row- echelon form

Matrix function:
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Reduced now - echelon form :
an Hl Ault) - - - Azn It) | 1. It is a row- echelon matrix: ; i. ;
Ami th Amity - -- amn It) - 2. Any column that contains a leading 1 has 0 everywhere else .

Chapter 3- Determinants

det IKA) = K" Aet IA) .
a-lion : det (B) = - det (A)

det IAT ) = det LAI .
• Multiplication: def (B) = kdet (A) det (A)= de-1113) + detect
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• Addition : det (B) = det (A) detlA) = 0 if any column
or row is zero .

A is invertible⇐ detc A) =/ 0
. det LAI --0 if any column

or row is a multiple of anotherAx = 0 has infinitely many solutions itf det IAFO , det IAB) = det (A) de-1431
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one trivial solution iff det (A) =/v.
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cofactor expansion theorem : multiply the elements in any now/ column by their cofactors ,
and their sum is det (A) .

Adjoint : replacing every element by its w factor , then taking transpose . Mi . A"=d¥a, adjlA)
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