
Homework 1

1.
a) pressure p � [F=A] = [Ma=A] =
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b) shear sress � = �@v@z where v :velocity, z :distance. With � � [p] , we have
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M : �+ � = 0
T : �1� 2�� � = 0
We get � = �1; � = 1; 
 = �4:Therefore, � = const@p=@x� R4
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M : 1 + � = 0
L : 1 + �� � + 
 = 0
T : �2� � � 
 = 0
We get � = � = 
 = �1: Therefore, F = const:R�v

3.
~A; ~B can be expressed by colume matrices A;B in one coordinate and A0; B0

in the other coordinate. They are related by orthogonal transformation R with
RTR = 1 (consider real number case). Then ~A0 � ~B0 = A0TB0 = (RA)T (RB) =
ATRTRB = ATB = ~A � ~B is invariant under orthogonal transformation. (In
component form A0iB

0
i = RijAjRij0Bj0 = �jj0AjBj0 = AjBj :)

4.
Let ~x = �~a + �~b + 
~c: Construct ~b � ~c and multiply both sides. We get

~x �
�
~b� ~c

�
= �~a �

�
~b� ~c

�
+ 0: Then � =

~x�(~b�~c)
~a�(~b�~c)

. Likewise, � = ~x�(~c�~a)
~b�(~c�~a)

,
 =

~x�(~a�~b)
~c�(~a�~b)

:

5.
a) Let LHS be "ijk"ilm and RHS be �jl�km � �jm�kl:
If j = k or l = m; LHS="ijj"ilm = 0; RHS=�jl�jm � �jm�jl = 0.
Consider j 6= k and l 6= m:
If j = l and k = m; LHS="ijk"ijk = 1; RHS=�jj�kk � �jk�kj = 1� 0 = 1:
If j = l and k 6= m; LHS="ijk"ijm = 0; RHS=�jj�km � �jm�kj = 0� 0 = 0:
If j 6= l and k = m; LHS="ijk"ilk = 0; RHS=�jl�kk � �jk�kl = 0� 0 = 0:
If j 6= l and k 6= m; LHS="ijk"ilm = 0; RHS=�jl�km � �jm�kl = 0� 0 = 0:
Similarly for j = m or j 6= m and k = l or k 6= l; LHS=RHS.
Therefore we prove "ijk"ilm = �jl�km � �jm�kl:
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b) (Repeated indeces means sum over that indeces)
�
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=

"ijkAjBk"ilmClDm = (�jl�km � �jm�kl)AjBkClDm = AjCjBkDk�AjDjBkCk =�
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6.

a) det
h
~A~B ~C

i
= det

24 A1 B1 C1
A2 B2 C2
A3 B3 C3

35 = A1B2C3 + A2B3C1 + A3B1C2 �

A1B3C2 �A2B1C3 �A3B2C1 = "ijkAiBjCk
b) In n dimension,

de�ne "ijkl::: =

8<: +1 ; if fijkl:::g is an even permutation of f1; 2; 3::; ng
�1; if fijkl:::g is an odd permutation of f1; 2; 3::; ng

0; otherwise

9=; :
Then det

h
~A~B ~C ~D:::

i
= "ijkl:::AiBjCkDl:::
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