February 13, Week 5
-

Today: Chapter 3, Finish Projectile Motion

Exam #2 should be graded by Wednesday.

Homework 4, Due February 20.
Mastering Physics: 9 problems from chapters 1 and 3.
Written Question: 3.56
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Projectile Equations

-

fProjectile - Any object that is launched into motion and then
acted on by only gravity.

a; =0 ay=—g

Projectile Equations

/Ux — /UO,QZ /Uy — /UO,y - gt

T =2To+ Voal | Y= Yo+ Voyl — %th

Vo, = Vo COS QU | Vg gy = Up SIN QX
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Trajectory Equation

-

All projectiles have parabolic trajectories.



Trajectory Equation

-

All projectiles have parabolic trajectories.

T = To+ Vol



Trajectory Equation

A

|l projectiles have parabolic trajectories.

T =T+ Vogl = T =12y + VpcCcOSl



Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
X =12To+ Vopl = T =2o+Voc08atl = |t =
Vo COS (X




Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
X =12To+ Vopl = T =2o+Voc08atl = |t =
Vo COS (X

2

1
Y = Yo T+ Uo,yt — §gt
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Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
X =12To+ Vopl = T =2o+Voc08atl = |t =
Vo COS (X

1 1
Y = Yy —|—v0,yt — §gt2 = Y = Yo + Vo SIn at — §gt2
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Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
T =2To+ Vogl = T =2xp+Voc080t = |1 = —
Vo COS (¥

1 1
Y = Yo+ Voyt — §gt2 = Y = Yo + Vo SIN QT — §gt2 <

Substitute
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Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
T =2To+ Vogl = T =2xp+Voc080t = |1 = —
Vo COS (¥

1 1
Y = Yo+ Voyt — §gt2 = Y = Yo + Vo SIN QT — §gt2 <

Substitute

. (x—:z:()) 1 <:13—:1:0>2
Y = Yo + Vo SIN x — =g
Vo COS (X 2 Vo COS
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Trajectory Equation

A

|l projectiles have parabolic trajectories.

CC—ZCO
T =2To+ Vogl = T =2xp+Voc080t = |1 = —
Vo COS (¥

1 1
Y = Yo+ Voyt — §gt2 = Y = Yo + Vo SIN QT — §gt2 <

Substitute

— 1z, 1 _ 2
yyo+?/5-< —— )59(5)605;)
B m) N
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Trajectory Equation ||

-

Simplifying gives:

2
g(r —x,)
202 cos? o

Y=Y, +tana (x — x,) —



Trajectory Equation ||

-

Simplifying gives:

g (X_flf())z
202 cos? o

y =y, + tana (x—x,) —



Trajectory Equation ||

-

Simplifying gives:

g (X_5’70)2
202 cos? o

y =y, + tana (x—x,) —

Downward Parabola



Trajectory Equation ||

-

Simplifying gives:

2
Q(X_fEO)
— + tano (xX—2x,) —
y = na(x—o) 202 cos? o
Y
Downward Parabola

yO' ....... .




Trajectory Characteristics
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Time of flight - ¢
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Trajectory Characteristics
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g (33 — 370)2
202 cos? o

Y= 1Yo+ tana (x — x,) —

Time of flight - ¢
=t="y=0
Maximum Height - 4,42




Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-
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At a projectile’s maximum height, which of the following is a
true statement?
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(@) v=0
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Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v=0

(b) v, = 0
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Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v=0
(b) v, =0
(c)v, =0
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Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v=0
(b) v, =0

(€)v, =0

(d) All of the above

|

Projectile Motion — p. 6/14



Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v=0

(B =0

(c)v, =0

(d) All of the above
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Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v=0

(b = () Vg = Vo gz 7 0
(c)v, =0

(d) All of the above
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Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(@) v =0
Bree<0 | 0= Vou #0
() vy = 0
[




Clicker Quiz

-

At a projectile’s maximum height, which of the following is a
true statement?

-

(a 0 UI\/?J%Jrvg#O

(b =0 Vg = Voz 7 0




Clicker Quiz

-

true statement?

Yy Vv

At a projectile’s maximum height, which of the following is a

(a 0
(b = ()
(c)v, =0

-

v:\/v%Jrvg#O

Ur — VUo,x 7é 0
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g (33 — 370)2
202 cos? o

Y= 1Yo+ tana (x — x,) —

Y v

Time of flight - ¢
=t="y=0

Maximum Height - ¥4
=y =0v,=0
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Trajectory Characteristics||
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g(xr — x0)2

Y= 1Yo+ tana (z — x,) — SV
(0]

Time of flight - ¢
=t="y=0

Maximum Height - 4,42
=y =0v,=0

Range - R

ymaa:
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Trajectory Characteristics||
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g (33 — 370)2
202 cos? o

Y= 1Yo+ tana (x — x,) —

Time of flight - ¢
=t="y=0

Maximum Height - 4,42
=y =0v,=0

Range - R

=z =7t ="ty

Yo + -+~ , Ymazx
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Trajectory Characteristics||

o N

Yo

S . ymaaz

g (33 — 370)2
202 cos? o

Y= 1Yo+ tana (x — x,) —

J Time of flight - ¢,

=t="y=0

Maximum Height - y,,42
=y =7v,=0

Range - R

=z =7t =1ty

Warning: Book Equations

- T onlyfory,=y=0

L B
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Dynamics

-

Dynamics - Why objects move.




Dynamics

5 N

ynamics - Why objects move.

Sir Isaac Newton (1642-1727)

British Physicist, In 1687 he
published the Philosophiae Naturalis
Principia Mathematica. The Principia
details how all motion can be
explained by one of three

simple statements = Newton’s

Three Laws of Motion.
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Exceptions

-

fThes,e three laws are still in use; however, they need
modification in two situations:
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fThes,e three laws are still in use; however, they need
modification in two situations:

# When an object’s velocity approaches the speed of light
- Einstein’s theory of relativity.
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fThes,e three laws are still in use; however, they need
modification in two situations:
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Exceptions

-

fThes,e three laws are still in use; however, they need
modification in two situations:

# When an object’s velocity approaches the speed of light
- Einstein’s theory of relativity.

# Motion of atomic-sized objects - Quantum Mechanics
(Also started by Einstein).
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Force

-

Underlying all three of Newton’s Laws is the concept of
force.

-
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fUnderlying all three of Newton’s Laws is the concept of T
force.

Force - Push or Pull
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Two types of forces:
# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.
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Underlying all three of Newton’s Laws is the concept of
force.

Force - Push or Pull

Two types of forces:

# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.

Weight - W Force on an object due to gravity.
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Underlying all three of Newton’s Laws is the concept of
force.

Force - Push or Pull

Two types of forces:

# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.

Weight - W Force on an object due to gravity.
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Force
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Underlying all three of Newton’s Laws is the concept of
force.

Force - Push or Pull

Two types of forces:

# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.

Weight - W Force on an object due to gravity.

Unit of Force:
# U. S. Customary: Pound (/b)
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Force

- N

Underlying all three of Newton’s Laws is the concept of
force.

Force - Push or Pull

Two types of forces:

# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.

Weight - W Force on an object due to gravity.

Unit of Force:
# U. S. Customary: Pound (/b)

L.o S. . : Newton (V) J
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Force

- N

Underlying all three of Newton’s Laws is the concept of
force.

Force - Push or Pull

Two types of forces:

# Contact Forces - Two objects in contact.

# Long-range Forces - Act at a distance. Examples =
gravity, magnetism.

Weight - W Force on an object due to gravity.

Unit of Force:
# U. S. Customary: Pound (/b)
L.o S. I.: Newton (), 1 N = 0.221b (on Earth) J
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Superposition
-

Usually there is more than one force acting on an object.
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-



Superposition
-

Usually there is more than one force acting on an object.

-

F,
v




Superposition
-

Usually there is more than one force acting on an object.

-

F Fy

v
/Fz




Superposition
-

Usually there is more than one force acting on an object.

-

Superposition - The net result

ﬁ ﬁg of two or more forces
“ is given by the vector sum.
SF = F + Fy+ Fs ...

/E
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Superposition
-

Usually there is more than one force acting on an object.

-

Superposition - The net result

ﬁ ﬁg of two or more forces
“ is given by the vector sum.
Zﬁ = ﬁ + Fo + ﬁg .

\ One single force.

F
/ 2\3 ¥ N
Applied at the center

to avoid rotation.
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