Good morning!

Please, sign in, login into
webassing, locate
LectureMCQ_L4 (PY105)
and answer question 1
(but ONLY Q1)

No labs today No class on Monday
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Lab2

More notes
‘ are on BB

2. Execute your experiment, provide the appropriate data and calculations, and present the result

Meature d and F

X= d- fﬂﬁg



1) A-small ball was released from rest
from a window 4.9 m above the
ground. The ball hits the ground 1
second later. Find the acceleration of
the ball.

initial speed of 10 m/s, how high would
it go?




Two balls of the same size are simultaneously
dropped from the roof of a two story building.
One weighs twice as much as the other.

The time it takes to the heavy ball to reach
the ground is:

(1) about half as long as for the lighter ball.
(2) about the same as long as for the lighter
ball.

(3) about twice as much time as for lighter
ball. LectureMCQ L4 Q2
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ball.

(3) about twice as much time as for lighter
ball. LectureMCQ L4 Q2




https://www.youtube.com/watch?v=Cxzo Ct3Yf8 http://teachology.xyz/fpe.mov

/

In air In a vacuum In a vacuum (the hard way)

A hammer and a feather will fall with the same constant
acceleration if air resistance is considered negligible. This is a
general characteristic of gravity not unique to Earth, as astronaut
David R. Scott demonstrated on the Moon in 1971, where the
acceleration due to gravity is only 1.67 m/s? .


https://www.youtube.com/watch?v=Cxzo_Ct3Yf8
http://teachology.xyz/fpe.mov
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Velocity v (m/s)

v (m/s) t(s)
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e LectureMCQ L4 Q3

Positions and velocities of a
metal ball released from rest
when air resistance is
negligible.

y (m)
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The acceleration of the ball
points: 1. up 2. down

Acceleration vs. Time for Falling Sphere

_0" G2 Ti?’:';(S) G52 5¢ 3- Ieft 4- right
5. to Boston




Positions and velocities of a
metal ball released from rest
when air resistance is
negligible.

LectureMCQ L4 Q3

The acceleration of the ball
points: 1. up 2. down

3. left 4. right

5. to Boston



Velocity v (m/s)
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Positions and velocities of a
metal ball released from rest
when air resistance is
negligible.

Acceleration is a constant
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and Is equal to gravitational
acceleration.

ation vs. Time for Falling Sphere

SoESTa,sa=-g=-9.8m/s?

= |a| = 9.8 m/s?



For y-axis pointing
down ALL data will

be different!
g = |a| = 9.8 m/s?

1 .o LectureMCQ L4 Q4
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For y-axis pointing
down ALL data will

be different!
g = |a| = 9.8 m/s?

LectureMCQ L4 Q4

Now a =...

1.0

3. -0
4. disappeared
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FREE FALL = MCA'!

o ]

1-D motion

a,= —9.8 m/s?

X

At the Earth's surface, g, the acceleration due to gravity,

equals 9.8 m/s2 and is directed down. \
g=lal=9.8m/s?2~10m/s? => a,=-g

y — axis points UP !




[ motm/>{ g=la,
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¢ a,/~ —9.8 m/s?
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y ave = (VyO + Vyf)/2

Vy2 = Voy2 -2 g (y 'yo)




A small ball was released from rest from a
window 4.9 m above the ground. The ball hits the
ground 1 second later. Find the acceleration of

the ball
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A man standing on the roof of a 5 m high barn
shoots a ball straight upward with the initial speed of
10 m/s, releasing the ball when it is 2 m above the
roof. How much time is needed for the ball to reach
the highest point of the trajectory? Find: The height
of the ball from the ground at its highest point; The
total time the ball was flying; The total distance
traveled by the ball; The total displacement traveled
by the ball; The average speed of the ball over the
total time the ball was in the air; The average velocity
of the ball over the total time the ball was in the air;
The speed of the ball just before it hits the ground.



A man standing on the roof of |’
a 5 m high barn shoots a ball

straight upward with the 10 s}
initial speed of 10 m/s, > ...| Ye
releasing the ball when itis /-

2 m above the roof.

Sm

Find EVERYTHING!




A man standing on the roof of a 5 m high barn shoots a ball straight
upward with the initial speed of 10 m/s, releasing the ball when it is

2 m above the roof. \/. e A NT Vo« oot
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A man standing on the roof of 5 m high barn shoots a basketball straight
upward with the initial speed of 10 m/s, releasing the ball when it is 2 m above the roof.

Try to find: (use g =10 m/s?)
How much time is needed for the ball to reach the highest point of the trajectory?

V=V-gt at Ymax V=0 => 0=10—-10*t1 =>tp=1s

2
=10t — 5¢2

The height of the ball from the ground at its highest point. Y = 107 —

The total time the ball was flying. T=ty+t; =1+t

2
_ 10z,

From the highest point to the ground is 12 m => 12 =

=> tl =‘\/2-4 Y

Yﬁyﬁw V=0
la=-g
4= 10 m/s §=98"%
z,o 1o
Zm g &
>\.l
A =
¥ N
H
Sm =k
\/ ‘T‘—{”{&
¥ N/ (1)

1072

Another way: =7 =10T -

The total distance traveled by the ball. 5+ 12 =17 m

The average speed of the ball over the total time the ball was in the air 17/T
The total displacement traveled by the ball -7 m

The average velocity of the ball over the total time the ball was in the air -7/T

The speed of the ball just before it hits the ground: velocity V¢=V(T)=10- 10*T

speed

|10 — 10*T]

2+~4+4%14
—107-5T% _y T2 _o7T _14-0 - T = 534 + —1+~24



EXAMPLE : You are driving your car at 20 m/s
when you see a deer in the road 60 m ahead. It
takes you 1.0 seconds before you apply the
brakes, but then the car slows down and comes
to a stop.

Assuming the car’s acceleration is constant what
magnitude acceleration (at least) is required to
avoid hitting the deer?




EXAMPLE : You are driving your car at 20 m/s

when you see a deer in the road 60 m ahead. It [t/ 43 6'01,.4\ A
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Displacement =: (c) an “arrow” pointing from S to F




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

F




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

A motion = combination
of “arrows”!

4

A new name
“arrows”’ = vector

"4

Need to study the properties of vectors




Vectors
A vector is an arrow!

/

A vector is:

1) straight,

2) has magnitude (its length)

3) has direction (described by an
arrowhead ).



How many vectors do you see?
LectureMCQ L4 Q5



@ Only 2 vectors

A vector is:

1) straight,

2) has magnitude (its length)

3) has direction (described by an arrowhead).



The orgin



A position vector
(arrow) connects
_the origin and
" position.
2 A displacement is

st a vector
representing the change

In the position vector.

The origin



Distance and Displacement
Distance is a scalar representing the length of the trajectory.
Displacement is a vector representing a change in position.
Its magnitude is the straight-line distance between the start
and end points, while its direction is the direction of the
straight line from the start point to the end point. If you start
at an initial position r and move to a final position /¢, your
displacement Ar is deflned as: Ar = l’ —F

Or you can always write: Tf=T1; + Ar
Remember (!!!) "change” is “final minus initial”

A = “Final” - “Initial”




Math description of a vector

/

A

y




y | Length (a.k.a. magnitude)

ldl= 42 pin




The directional angle:

CCW from +x

T wode o

A 4




Math operations on vectors:

1. Multiplying a vector by a number

2. Adding two vectors



Math operations on vectors:
1. Multiplying a vector by a number




Math operations on vectors:
We know now the rule for Multiplying a vector by
a number.

What about dividing by a number?

et




VECTOR ADDITIOBI
Draw A+B (=A+B)

\ (little arrows vs. bold font)

The origin

X

Two-step rule (“tail-to-head’”): 1. “MOVE”; 2. “CONNECT”

=




Apply the two-step rule (“tail-to-head”):
1. “MOVE”; 2. “CONNECT”

<Y












VECTOR ADDITION

B A+ B=R
f 112°
A

<Y

66°

The “tail to head” rule!



LectureMCQ L4 Q6

‘““The magnitude of the sum of two vectors is
always equal to the sum of the magnitudes of each
of the original vectors.”

The statement above s ...

1. Correct 6. Does not have any
2. Wrong meaning

3. Partially correct 7. Does not have any
4. Partially wrong use

S. Depends on vectors 8. Blue



Vector ADDITION
Draw A+B (=A+B)

(little arrows vs. bold font)

LectureMCQ L4 Q6

Is this correct?

{ Rl = |A| +|B
\. 1. Yes! 2.NO!

— — > . 3 I
R=A+B 3. | don’t know!

A 2-step rule (“tail-to-head’): 1. “MOVE”; 2. “CONNECT”




LectureMCQ L4 Q6

‘““The magnitude of the sum of two vectors is
always equal to the sum of the magnitudes of each
of the original vectors.”

The statement above s ...

1. Correct 6. Does not have any
2. Wrong meaning

3. Partially correct 7. Does not have any
4. Partially wrong use

S. Depends on vectors 8. Blue



VECTOR ADDITION The “tail to head” rule!

The
magnitude of
1122 the sum of
vectors Is
NOT equal to
the sum of the
magnitudes of
vectors!




VECTOR ADDITION: MORE VECTORS

Use the “tail to vy
head” rule for each >
<& A —
step! *” T
y A Op=49° 0 = 15°
y A
R
- 7°
X 50.0 m B
m 1 . R -
90° N
— mmm—— A
&> .

x Y



Vector and its components

Components of
vector A , are such
vectors A, and A,
which are (a) parallel
to x and y axes, (b)
the sum of which is
equal to vector A.

Y A

x Y



Draw the components of A
(trial 1)
Components of
vector A, are
such vectors A,
and A, , which
are (a) parallel
to x and y axes,
(b) the sum of
which is equal
to vector A.

x Y



Draw the components of A
(trial 2)
Components of
vector A, are
such vectors A,
and A, , which
are (a) parallel
to x and y axes,
(b) the sum of
which is equal
to vector A.




Draw the components of A

Y A




Vector A , with its tail at the ¥ a
origin of an x, y-coordinate
system, is shown together
with its x- and y- B
components, A, and A, .

These three vectors
always form a right
triangle.




AK_P_QGZ ";nb “hla‘; arr °W3f; o~ The magnitudes of the
g 2250 UIe MAgnIIZE vector components A,

Axt Ay =A and A, can be related

to the resultant vector
A and the angle 6 with
trigonometric identities.
In this example,

|Z\X =lAlcos & and
I,Z\y =|Alsin 6 .

Y A




_EP_CJ_DFZ ] ig 'I'h;"‘t arr °W;‘;”d _ The magnitudes of the
and absofute maghrtude™y.ector components A,

and A, can be related
to the resultant vector
A and the angle 6 with
, trigonometric identities.
A, = asine  In this example,

A =Acosf and

——— - - -
Ax — Acos@ X Ay - A Sln 9 .

v A,+A,=A




The magnitude and
direction of the
resultant vector can
be determined once
the magnitudes of
horizontal and
vertical components
Ax and Ay have
been determined.

Note: 0 =tan

Dropping “hat arrows”
and “absolute magnitude”

_________ AX.__.__.___.
OR tan'! +180 !

-

<



A second meaning of word “component”.
A “component” = A *‘coordinate”

The x-component (x-coordinate) of a vector A is
the number which is:
a) equal to the magnitude of its x-vector
component, if it points parallel to the x-axis
b) equal to (-1)xthe magnitude of its x-vector
component, if it points opposite to the x-axis

And the same definition for the y-component.



The x-component (x-coordinate) of a vector A is the number which is:
= to the magnitude of its x-vector component, if it points parallel to
the x-axis

= to (-1)xthe magnitude of its x-vector component if it points opposite

to the x-axis .
The vector and its components form a
y A 3-4-3 triangle. Find its components.

-
X




The x-component (x-coordinate) of a vector A is the number which is:
= to the magnitude of its x-vector component, if it points parallel to
the x-axis

= to (-1)xthe magnitude of its x-vector component if it points opposite

tothe x-axis  rhe vector and its components form a
V)4 3-4-5 triangle. Find its components.

0~ 4

dy> > 2




3@ Using given magnitude
C

e and direction find the
‘680 Q components of the vector.
Fle C
‘. | (il S2 cabg
u [ Cyle 21 Scth 64
L C?( = 1. Lo 67

c — 21l



Adding two vectors

algebraically
A,=Acos 6, A ,=Asin b,

B,=Bcos 65 B,=Bsin 6. N

W«’»E
R

tanf@=— p_ [p2 p? S .
R, \/X g R,= A + B

To add vectors A and B, first determine the
horizontal and vertical components of each vector.
These are the dotted vectors A, , A, , B, and B,
shown In the imaqge.




Vector addition: the
component method




means
B
c = A, +B_ +C,
R = X X
A = . D
rs— 7° ‘ X AN
50.0 m R
zmmm}lﬂmluuﬁﬂmmgﬁﬂuzluuﬁﬂmlumslﬂm R — Ay _|_ By + Cy
90°
= y
\"\\-..
NG AND
<, | L
. — +
R=R, Ry IR, |
R, 2 tan?} = IR |
5 jv Y IRI=\[(R) +(R)
R

X




