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Think of (a,b) a column vector. 
 
p=greek letter 
 
Want you to find B with 
e^(ip)*(a+ib) = (B * (a,b)^T)^T 
 
e^(ip)*(a+ib)  
=(cos(p)+i*sin(p))(a+ib) 
=cos(p)a+i*sin(p)*a+cos(p)ib+i*sin(p)*ib 
=(a*cos(p)-bsin(p))+( a*sin(p)+b*cos(p)    )i 
 
a+ib=[a,b] -> [a*cos(p)-bsin(p)) , ( a*sin(p)+b*cos(p)    ] 
 
(B [a,b]^T)^T=[a*cos(p)-bsin(p)) , ( a*sin(p)+b*cos(p)    ] 
 
 
 
 
 
 
 
real number= 
other real number= 
 
e^(ip)=cos(p)+i*sin(p) 
 
 
 
 
 
 
 



Feb 3/2 
 
Ex 
A= 
10 
01 
00 
 
T_A is not onto since Ax=e_3 has no solution. 
e_3= 
0 
0 
1 
 
One-to-one ⇔ 
for all y, Ax=y has 0 or 1 solutions.  
rref(A|y)= 
10|? 
01|? 
00|? 
 
10|0 
01|0​ no solution 
00|1 
 
10|6 
01|3​ unique solution 
00|0 
 
Never infinitely many since each column has a leading 1. 
  
Ex 
A= 
100 
010 
 
Onto  
Since  
RREF(A|y)= 
100|? 
010|? 
No 0=1 line since 1 in every row to the left of the augmentation line so there is a solution. 
 
Not one-to-one since the 3rd variable is free.  



 
 
 
(AB)^-1=B^-1 A^-1 
 
We want (AB)^-1*AB=Id. 
 
(B^-1 A^-1) * (AB)=B^-1 A^-1 A B= B^-1 Id B=B^-1 B=Id. 
 
(A^-1 B^-1) * (AB)=A^-1 B^-1 A B 
 
 
 
 
Feb 4 Office hours 

 
1.​ a_1,a_2 are linearly independent. 
2.​ a_3 is not in the span(a_1,a_2) 
A=[a_1,a_2,a_3] 
What is RREF(A). 
 
A= 
??? 
??? 
??? 
??? 
 
x in span(v,w) ⇔ 
x is a linear combination of v and w. 
 
Claim if x in span(v,w), then x,v,w are dependent.  
Proof: 
x=r_1 v+r_2 w 
-1*x+r_1 v +r_2 w=0 
0 x+0 v + 0 w=0 
So two solutions to  
 
 
 
Claim: 
1.​ a_1,a_2 are linearly independent. 



2.​ a_3 is not in the span(a_1,a_2) 
Implies a_1,a_2,a_3 are linear independent.  
 
Suppose x_1 a_1 + x_2 a_2+ x_3 a_3 =0. 
We want to show x_1=0, x_2=0, x_3=0. 
 
Case x_3 is not 0: 
x_1 a_1 + x_2 a_2+ x_3 a_3 =0 
a_3=(-x_1/x_3) a_1 + (-x_2/x_3) a_2 
a_3 is a linear combination of a_1 and a_2.  
a_3 is in span(a_1,a_2) 
This can’t happen so we must x_3=0.  
 
 
 
Case x_3=0: 
x_1 a_1 + x_2 a_2=0. 
What does a_1 and a_2 being linearly independent say about x_1 and x_2? 
Since a_1 and a_2 are linearly independent, then x_1=0 and x_2=0. 
 
So x_1=0, x_2=0, x_3=0 is the only solution. So a_1, a_2, a_3 are linearly independent.  
 
Thm 
a_1,..a_k are linearly independent if and only if span(a_1,...a_k) is k dimensional.  
 
Either a_k is in span(a_1,...a_{k-1}) or span(a_1,...a_k) is one dimension bigger than 
span(a_1,...a_{k-1}). 
 
Ex 
a_1= 
1 
0 
0 
 
a_2= 
0 
1 
0 
 
a_3= 
1 
1 
6 
 



RREF(A)= 
 
1 0 0  
0 1 0 
0 0 1 
0 0 0 
 
EF(A) 
 
[] *  *  
0 [] * 
0 0 [] 
0 0 0 
 
 
 

 
 
Thm 
A=[v_1,...v_n] 
span(v_1,..v_n)=R^m 
if and only if 
every row of A has a leading 1. 
 
n=7 
m=5 
A has 5 rows.  
So A must have 5 leading 1s. 
A= 
4  1  6 
-7 5  3 
9 -3  3 
 
Ax=0 
 
(1)v_1+(2)v_2+(-1)v_3=0 
 
x= 
x 
y 
z 



 
x=1 
y=2 
z=-1 
 
Ax 
= 
x v_1 + y v_2 + z v_3 

 
 
T(v+w)=T(v)+T(w) 
T(rw)=rT(w) 
 
22 True 
24 
Ex 
A= 
0 0 
0 0 
What are linear combinations of the columns of A? 
0 
0 
What is the codomain? R^2 
 
T:R^n->R^m. R^m is codomain.  
 
 



T=T_A. 
 
“c in range(T)” ⇔ 3) 
 
1)​ “there is at most one solution to Ax=c?” <- uniqueness problem?? 
2)​ “there is exactly one solution to Ax=c?” <- uniqueness problem?? 
3)​ “there is a solution to Ax=c?” 
 
 
 

 


