MAE/CE 671 Continuum Mechanics

HW #1 (Problems 1-6 are based on Hjelmstad)

1. Compute the values of the following expressions

(a) 0,9,

(b) 6;0;0;

(¢) 6,6, 0,,...0_ (enough to exhaust the whole alphabet)

)  8jjdij = 8jj =811 + 592 + 533 =3
b)  ©ijdidjk =oij 8ij = oii =011 +022 +033

C)  Sapdpcded ---Oyz =8

2. Let two vectors| u and v, have components relative to some basis as u=(5_—2_1) and

v=(12.1). Compute the lengths of the vectors and the angle between them. Find the area of the
parallelogram defined by u and v.

|ul =\/52 +(-2) +1%2 =30

v|= V12422412 /6

_ uev)_ GO+ +OO))_ 2 ).
e_arccos@u”VJ arccos( 306 j arccos( \/@j 1.421rad



Area= |uxV|

ik
Area=|5 -2 1)|=|(-2-2)i+(L-5)j+10+2)k =|(-4)i+(-4)j+(12)K]
1 2 1

Area=+/(—4)2 +(—4)2 + (12)2 =v16+16+144 + V176 =13.27

Area=|u ||v |sin© =+/180sin(1.421)=13.27

3. Demonstrate that (ux 1') W = £zu,v, W, from basic operations on the base vectors.

(UXV)-W=(UiVj Sijka)

i j K
(UXV).w=[u; Uy Ug|e(Wqi+Wyj+wsk)
Vi Vo V3

=[(ugvs —ugvy )i +(ugvy —ugva)j+(upvy —upvy Jk]e (Wi +wpj+wsk)
(uxv).w=[(uzvs —uzvy Jwy +(ugvy —usvawy +(Ugva —upvi Jws]
(uxv).w = [(upvz —ugvy wy +(ugvy —ugva)wa +(ugvz —upvi ws]

= (8231u 2V3 +E321U3Vy )Wl + (8312U3V1 + 8132‘11V3)W2 + (8132U1V2 +&p13U 2V1)W3

= (UiVj Sijkwk)



4. The vertices of a triangle are given by the position vectors a=(0,0.0), b=(14.3), and
c=(2.3. 1). Using a vector approach, compute the area of the triangle. Find the area of the

triangle projected onto the plane with normal n=(0,0.1).

v=b-a= (1-0)i+(4-0)j+(3-0)k=1i+4j+3k
W=c—a = (2-0)i+(3-0)j+(1-0)k=2i+3j+1k

triangle area = %|uxv| :%|(4—9)i +(6-1)j+(3-8)K|

= %|uxv|:%|—5i+5j—5k|:%\/m:g\/§=4_33

1 0 0] [o]fo 0 1] [1 0 0] [0 0 0] [1 0 O
P=l-n®n=|{0 1 0|-|0 =0 1 0|-{10 0 O0(=|0 1 O
0 0 1| |1 0 01 0 0O
1 0 0|1 1 1 2 2
Pv={0 1 0}|4|= , Pw= 1 3|=|3
0 0 0|3 0 00 1 0
i J k
. . 1 1 1 5
Triangle area projected = E|va Pw| =3 1 40 :§|(3_8)k| =3
2 30

Alternate method

Triangle area projected = %(— 51+5j— 5k) Jdk =

N | o1



5. Use the observation that ||11 - 1‘"2 = {u - T) : (11 - 1‘} to show that

17, 2 2 2
WT=5WMIHHI%h—ﬂ)

1 2 2 2
o= (Juf? + % ~Jv-ul?)

u.v=%@q24Mf_@_vy@_vU

UeV =

2 2 2 2
(Jo? + 2 - e -2 + 20 -v)

N~

(2(uev))=u.v

UeV =

6. Prove the Schwarz mequality: u-v = ||u||||1|| :

u.v=|u|vjcos®
coso<1

u-v<|ulv|



7. Text, Problem 1.1

A=3i1+2i2 +4i3

|A|:\/32 422442 =\J914+16 =29

coso 3 0 arccos( 3 j
1= T o U1 = o
29 J29
cos0 2 0, =arccos 2 J
2= f y U2 = B
29 V29
cos0 4 0 arccos( 4 j
3= T v Uz = B
29 V29



