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Motion

What are some words and/or concepts we use when
describing motion?

Was the object moved? What is motion?
What is a motion diagram? What is a trajectory?

What is the difference between a path and
the shortest path?

What is the difference between distance traveled and
displacement?



Motion
What does it mean?

How do we know it happened?
How can we describe it?
How do we know if it moved?

«l

Was the yellow
puck been moving?




Motion is relative !

¥

Always keep in mind - relative to WHAT

Is it happening?
P.S. in 96.4 % problems ’
It is meant (assumed)

“relative to the ground”
(unless the opposite is clearly said!).

B cr3




00:00 A visualization of motion






















Motion Diagram

00:00 Jj 00:10 m




Motion Diagram

00:00 Jj 00:10 m
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Motion Diagram

00:10 m
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of motion”
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A trajectory is a line visualizing the path;
a line connecting all positions.




M 2—D motion

A trajectory is

: ) A trajectory is a line
a straight line.

in a plane (a flat
surface) but not
stralght

3—D motion =not1andnot2D



M 2—D motion

A trajectory is

: ) A trajectory is a line
a straight line.

in a plane (a flat
*  surface) but not
stralght

3—D motion =not1andnot2D



ANY motion (1-D, 2-D, etc.)
Distance traveled =: the Iength of the trajectory




ANY motion (1-D, 2-D, etc.)
Distance traveled =: the Iength of the trajectory




Displacement = (a) action; (b) distance from S and F
j ™




Displacement = (a) action; (b) distance from S and F




Displacement =: (¢c)an “arrow” pointing from S to F




Displacement =: (¢c)an “arrow” pointing from S to F




You walk 4 m West, make a
90° turn and walk 3 m South.

What is your total distance
Let’s use this simple traveled?

problem as an
illustration of the general
problem-solving
strategy.

Some helpful questions for solving physics problems
1. What objects are involved? What processes are happening
to them? (use your imagination - make a picture showing the
objects and the processes they are involved into)
2. What properties of the objects and the processes might be
important?
3. What physical quantities should be used for describing
those properties, what connections might be important?
5. What laws or definitions should be used to describe
important connections mathematically?
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You walk 4 m West, make a 90°
turn and walk 3 m South.

What is the magnitude of your
displacement?

Enter your answer:
LectureMCQ L2 Q3



L
Yﬁu walk 4 m West, make a

9009 turn and walk 3 m South.

(@) What is your total
distance traveled?
b) What is your total

\\splacemen]







Right-angled triangle

Aéa

b

What do we know about a “right triangle”?



Right-angled triangle

We know .
. a
everything! /K
Useful relationships
SOHCAHTOA: sing — i B Opposjte

c hypotenuse

b  adjacent tang =2 —

a opposite

cosf =—=
c hypotenuse

Angle (0)

adjacent

sin(0)

cos(0)

30°

1

2

Pythagorean theorem: c¢?=a°+b” m

60°

%
2
3
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You walk 4 m West, make a
909 turn and walk 3 m South.
What is your total distance

Let’s use this simple
problem as an
illustration of the general
problem-solving
strategy.

Some helpful questions for solving physics problems
1. What objects are involved? What processes are happening
to them? (use your imagination - make a picture showing the
objects and the processes they are involved into)
2. What properties of the objects and the processes might be
important?
3. What physical quantities should be used for describing
those properties, what connections might be important?
5. What laws or definitions should be used to describe
important connections mathematically?

traveled?

A

3m
Trajectory!

Distance = length of the trajectory =4+ 3 + 7 m

S2=42+32=25=>8S=5m



Right-angled triangles

= LectureMCQ L2 Q4

b
y . “ [ [
SOHGATTOR " 2 appost The 3-4-5 triangle Is
I c - hypotenuse
cosg = 2 - _adjacent fan =2 OPPOSIO also a 30-60-90
"¢ hypotenuse b adjacent

- == triangle”

Pythagorean theorem: c¢*=a*+b*> | . | & | - f
‘ [ a3 !
60° 2

The staterﬁént above is ...
1. Correct. 2. Wrong.
3. Depends on the triangle

4. Confusing 5. Reassuring -



Right'angj%m: If sides are 3 and 4, the angle 0 is ..
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Right-angled triangles
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Thinking
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Physical terms/parameters/quantities
used to describe motion:

position, trajectory/path, displacement,
magnitude of the displacement, distance
traveled, time of motion/elapsed time (origin,
reference frame, coordinate, position vector,
radius-vector,).

=> need to know each definition literally!

Motion = Change in the position.
... => HOW FAST ... ??



nish

A displacement is a vector
representing the change in the
position vector.

—_

" The distance traveled is the length
of the trajectory

Start ‘

How fast does the object move
(i.e. changes its location)?




"How fast” => “the rate of change of” => “change per unit time”

. net displacement Ar
average velocity = : or, V=
Y 4+ total time o+ At
Names! Definitions! Equations!
3 I, . ¥ L
total distance o4 Vv=—
average speed = - ) At
total time

Speed is a scalar representing how fast an object is

traveling.
ﬁ “soon”

Velocity is a vector combining the speed with the direction
of motion. We can also define velocity as the rate of change
of position.




LectureMCQ L2 Q5/

For 6 seconds a fly flies 4 m West, makes
a 909 turn and for 4 more seconds flies 3
m South. Calculate is the magnitude of

its average velocity.
net displacement

1. 0.1 m/s :
average velocity =
2. 0.2 m/s 9' Y 4+ total time
3. 0.3 m/s Names! Definitions!
4. ... ¥ total distance

average speed =

total time



For 6 seconds a fly flies 4 m West, makes a
909 turn and for 4 more seconds flies 3 m

South. Calculate is the magnitude of its

average velocity. $ s s
- — = . . ,_"_V‘
L™l o, WIE T eSS
90 > 3
Lg% ¢=5 ,VA.)" +



M 2—D motion

A trajectory is

: ) A trajectory is a line
a straight line.

in a plane (a flat
surface) but not
stralght

3—D motion =not1andnot2D



2 — D motion 1 — D motion

And
Q y + 1 — D motion

_—




The basics of the 1 — D motion



Math description of 1-D Motion
A table
00:10 J§ 00:20
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A graph
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x=1+2xt+ 2 * t>

An equation

_t . x
0 1
S 61
10 227
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20 34"
25 1301

30
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A CART ON A TRACK 1-D motion
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X
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Bad choice X




File  Echit  Experiment

8
| Latest 1Y >0 e
Time l Position ] Velocity ]A«:(:
(s) (m) (os) |
e I 005 1.585 0.000| |
A 010 1.585 0.001
Endor] 015 1. 585 0.004
. 020 1.584 0014
.5 025 1 584 0042 {
6 0.30 1.581 0. 097
7 0.35 1:575 0.169 15
8 040 1 565 0.251 3
9 045 1. 550 (9] 31
10 050 1.531 3
) 055 1.8
12 0.60 1
13 0.65 1+ =
14 070 1
15 0.75 1
16 0.80 1 10
17 0.85 1 341
18 0.90 1314
19 0.95 1.287
20 1.00 1261
21 1.05 1,236 3
22 110 1211 1
23 TS 1.187 |
24 1.20 1.163 |
25 125 1141 0.5
26 1.30 1118
27 135 1.097 |
28 1.40 1.075 0419 l
29 1.45 1.055 0D 407
30 150 1.034 0 395
31 1.55 1015 -0 385
32 1.60 0 996 -0.377

Where was the object at t=1?
How much time was it moving?
What is the motion equation?
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Where was the objectat t=1?
How much time was it moving?
What is the motion equation?

Ae—— X
M
K /\(1 )<

Where was the objectat t=1?
How much time was it moving?
What is the motion equation?




1 D - motion

= x, + Ax

coordlnates

Ax =x,-x,

The posmon of é lady relative to Earth IS given by
x . The +2.0 m displacement of the lady is
represented by an arrow pointing to the right.

f\

To know her position at any instant we use .
motion equation X(t) (which depends on the type motion)




>

Ax=x —x9 = +2.0m

plll o
4

coordma})ex

X0 Xf

1.5 m 3.5 m

1 D - motion

f—x+Ax
\

displacement

Ax=xf—xl.

To describe the position of an object at any
instant we use motion equation x = x(f)

Average velocity

- AX
V —
* At

Average speed

], — distance

A



X=X+ Ax Ax =x, - x,
To describe the position of an object at any
instant we use motion equation x = x(f)

Average velocity Average speed
- AX L — distance
V = — V=—
“ At At

For 6 seconds a fly flies 4 m West, makes
a U-turn and for 4 more seconds flies 3 m
East. What is the magnitude of its
average velocity?

2




For 6 seconds a fly flies 4 m xf=xl.+Ax Ax=xf_xi

West, makes a U-turn.and To describe the position of an object at any
for 4 more seconds flies 3 m instant we use motion equation x = x(f)

East. What is the magnitude Average velocity Average speed
of its average velocity? v = X _ L+ distance
“ At At
bin- b3
gr—"’—':l’_—f; /;(
2w Ky K



