PHYS 1443 — Section 002
Lecture #5
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«  Coordinate Systems

Vectors and Scalars

¢ Motion in Two Dimensions
— Motion under constant acceleration
—  Projectile Motion
—  Maximum ranges and heights
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Announcements

 E-mail distribution list; 63 of you subscribed to the
list so far

— Please subscribe to the class distribution list since this Is
the primary communication tool for this class

 Two physics department seminars this week

— At 4pm today in SH101

 Dr. Sandy Dasgupta, UTA Chemistry Department chair:
Playing With Drops and Films Analytical Chemistry in Small
Places

— At 4pm Friday in SH101
 Dr. Amitava Patra: Nano Materials for Photonic Application
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Physics Department
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Playing With Drops and Films Analytical
Chemistry in Small Places

Dr. Purnendu “Sandy” Dasgupta
University of Texas at Arlington

Room 101 SH
|

Abstract

Murphy may not have encoded it quite as such but things generally turn out differently from
what one envisions. When I first came to Texas Tech and the West Texas hamlet of Lubbock. I
did not know that rainfall constitutes an evernt. By this time I had also been educated enough to
know that raindrops are not so pristine, they accumulate material both i their life as cloud
droplets and as they fall through the atmosphere. Indeed sequential analysis of rain can isolate
the two contributions. The idea of hanging drops out for sampling gases was thus born and led
to many interesting avenues- what can you do with drops? Hanging drops? Pendant drops?
Sessile drops? Scissile drops? Falling drops?

The second onegoine adventnre T will like to talk ahont the manv nniome characteristics of flows
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Nano-Materials For Photonic Applications

Dr. Amitava Patra

Room 101 SH

Abstract

The study of nanoscale matter-radiation interactions offers numerous opportunities for both
fundamental research and technological applications in photonics and biophotonics. As these
potential applications are still very much in the design-phase, the fundamental understanding the
luminescence properties of rare-earth ions in oxide nano environments remains a challenge.
From the fundamental point of view, the physical understanding of emission (up and dowps =————
conversion) of rare-earth ions in oxide/semiconducting nanoparticles and the way it changes wit
size, crystal phase and concentration is very important [1-8]. The role of surface coating, doping=
and heating on the modification of crystal structure, local structure and their effect on the
photoluminescence properties doped and coated nanocrystals will be discussed. Extended X-ray
absorption fine structure measurements were carried out to understand the local environment of
doped and coated nanocrystals. It is found that the local structure play most important role on the
modifications of luminescence properties of doped and coated nanocrystals. Our analysis
suggests that modifications of radiative and nonraditive relaxation mechanisms are due to local
symmetry structure of the host lattice and crystal size, respectively. The energy transfer study

from nanoparticles to dopant ions will be discussed.

Refreshments will be served in the Physics Library at 3:30 pm




Special Problems for Extra Credit

Derive the quadratic equation for Bx?-Cx+A=0
=>» 5 points

Derive the kinematic equation vi* = vx® + 2ax(x — )
from first principles and the known kinematic
eguations =» 10 points

You must show your work in detalil to obtain full
credit

Due Wednesday, Sept. 19
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1D Kinematic Equations of Motion on a
Straight Line Under Constant Acceleration

Vi (t) — Vi + aut Velocity as a function of time

1

K= Xi= Vit = %(fo LVt

Displacement as a function
of velocities and time

Xi = Xi+int+%axt2

Vie? = Vii® + 2a(Xr — X

Displacement as a function of
time, velocity, and acceleration

Velocity as a function of
Displacement and acceleration

You may use different forms of Kinematic equations, depending on
the information given to you for specific physical problems!!
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Coordinate Systems

« They make it easy and consistent to express locations or positions

« Two commonly used systems, depending on convenience, are
— Cartesian (Rectangular) Coordinate System
* Coordinates are expressed in (x,y)
— Polar Coordinate System
 Coordinates are expressed in distance from the origin ® and the angle measured
from the x-axis, 0 (r,0)

 Vectors become a lot easier to express and compute

s How are Cartesian and
____________________ _ Polar coordinates related?
Y1 (X1,Y1)=(r,01)
: X = hCost _ \/( X+ yi)
_rSi y
y, = 1;SIng, tang = -
> -|-X X]_

0 (0,0) x:1
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Example

Cartesian Coordinate of a point in the xy plane are (x,y)= (-3.50,-2.50)m.
Find the equivalent polar coordinates of this point.

r= (x4 y7)

' = J((-350)" + (-2.50)’)
- J18.5 = 4.30(m)

) 6 =180 + 6,
tan @s = ﬂzg
250 ~350 7

N
-
—

O = tan™! (gj = 35.5°

. 6=180+6, = 180" +35.5" =216
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Vector and Scalar

Vector quantities have both magnitudes (sizes)
and directions | Force, gravitational acceleration, momentum

Normally denoted in BOLD letters, &, or a letter with arrow on top q_:)

Their sizes or magnitudes are denoted with normal letters, &, or
absolute values: |7| or ||

Scalar quantities have magnitudes only | Energy, fea,

o : mass, time
Can be completely specified with a value
and its unit  Normally denoted in normal letters, &

Both have units!!!
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Properties of Vectors

« Two vectors are the same if their sizes and the directions
are the same, no matter where they are on a coordinate
system!!

Which ones are the

y
¢ D same vectors?
/ V A=B=E=D

A 3 /' Why aren’t the others?
" X C: The same magnitude

/ but opposite direction:
E C =-A:A negative vector

F: The same direction
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Vector Operations

« Addition:
— Triangular Method: One can add vectors by connecting the head of one vector to
the tail of the other (head-to-tail)
— Parallelogram method: Connect the tails of the two vectors and extend

— Addition is commutative: Changing order of operation does not affect the results
A+B=B+A, A+B+C+D+E=E+C+A+B+D

A
A+B
%B: B%B' OR g
A

y A+B

e Subtraction:
— The same as adding a negative vector:A- B = A + (-B)

A
<:1 -B Since subtraction is the equivalent to adding a
AR negative vector, subtraction is also commutative!!!
*  Multiplication by a scalar is A
increasing the magmtude A, B=2A —* B=2A -
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Example for Vector Addition

A car travels 20.0km due north followed by 35.0km in a direction 60.0° west
of north. Find the magnitude and direction of resultant displacement.

r :\/(A+ Bcos¢9)2 +(Bsin 0)2

| [P
.
Va
-

= \/AZ + 82(0052 6 +sin’ 9)+ 2 AB cos 6

— A2+ B2+ 2ABcosd

= J(20.0)? +(35.0)? + 2x 20.0x 35.0 cos 60

= /2325 = 48.2(km)

Y

s ‘g‘sin 60 _
0 = tan ' ——— Find other
‘A‘-F‘B‘COS 60 Ways to
_ gn 1 35.0sin 60 solve this
- 20.0 + 35.0 cos 60 problem...
=tan‘1ﬁ_389 to Wwrt N
37 .5
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Components and Unit Vectors

Coordinate systems are useful in expressing vectors in their components

(+,)
Ay ...................... E(Ax’Ay) A(z‘z‘cosﬁ
(4 : Ay _ ‘,_A\"sm 9| }Components
)| ¢ ':A‘x - A= JAZ+A| } Magnitude

(3
X

Wednesday, Sept. 12, 2007

2 N 2
cose) + (‘A‘sin 6’)

A

‘

2((:osz¢9+sin26?) :‘A

4 . b
- W 27
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Unit Vectors

Unit vectors are the ones that tells us the
directions of the components

Dimensionless
Magnitudes are exactly 1
Unit vectors are usually expressed in i, |, k or

i, j k

So the vector A can
be re-written as

A=AT+A] = Wcos 07 + ‘K‘sin 0]
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Examples of Vector Operations

Find the resultant vector which is the sum of A=(2.0i+2.0j) and B =(2.0i-4.0j)

—

6:74+§:(2.0T+ 2.0j)+ (2.07— 4.0])

—(20+20)i +(20-40)] =400 —2.0j(m)
~|_ 2 2
‘C‘ B \/<4'0) +<_20) 9: tan ! & _ tan‘lﬁ __op
=\16+4.0=20=4.5() C, 40

Find the resultant displacement of three consecutive displacements:
d,=(15i+30j +12k)cm, d,=(23i+14j -5.0k)cm, and d,=(-13i+15j)cm

D = di+do+ds= (15?+30]+12E)+(23T+14]—5.0E)+(-13?+15])
— (15+23-13)i +(30+14+15) ] +(12—5.0)k =251 +59 ] +7.0k (cm)

Magnitude ‘5‘ = \/(25)2 +(59)2 +(7_0)2 =65(cm)
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Displacement, Velocity, and Acceleration in 2-dim

o Displacement:

 Average Velocity:

e |nstantaneous

Velocity:

* Average
Acceleration

Acceleration:
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Ar =rys —r;

<l

How is each of
these quantities
defined in 1-D?

Q|

Instantaneous
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Kinematic Quantities in 1D and 2D

Quantities 1 Dimension 2 Dimension
Displacement | AX=X; —X; AT = Ff — Fi
Average Velocity Vﬁi—)t(:):::i ;Eif:i: :zi
Inst. Velocity | vy = girgoi—)t( - 3—1( V= HL”OA_[ = z—tr
Average Acc. | 2= =i | a= % - Vt: :z |
st Ace. e -G - a0
Wednesday,‘ What is the dince between 1D and 2D quantities? 17
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