Last Lecture: Projectile Motion
Horizontal motion

Lecture 5

Vertical motion
- Force and Motion. % =9 =79
- Mass and Weight,

- Free Body Diagrams

In both directions the acceleration is constant

V, = Vg, = constant vy, = Vo, — gt
X = Xg + Vo, T = + vo, T - 2gt2
(HR&W, Chapter 5) o ox Y = Yo oy 29
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Projectile Motion; General Case

Trajectory and horizontal range
_ gx? vy
y = (tan 6y)x — 2(vg cos )2 R= " sin 26,
o~ X Newton's Dl ™ = a7
Vo, L:IE L= \ ) Laws ‘ UCAAK HBIOTOH a 'paﬁomoﬁ
i R » I If no net force acts on a body, then the body's velocity cannot
R l N\ change.
= IT.  The net force on a body is equal to the product of the body's mass
-y and acceleration.
oL III. When two bodies infteract, the force on the bodies from each
BN other are always equal in magnitude and opposite in direction.
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Objectives

* By the end of Week we should be able to
- Formulate Newton's laws in our own words

- Draw free-body-diagrams (FBDs) for a given
problem

- Explain the difference between static and
kinetic frictional force

- List a few reference frames where Newton's
laws do not apply
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Forces:

¢ »Gravitational Force: F=mg

»Archimedes Force

»Friction Force:

> Tension Force

»Spring Force
m > Normal Force
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Forces:

Gravity
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Force is a vector. Units: [Newton]
IN=1kge1lm/s?

Force has direction and magnitude
Mass connects Force and Acceleration
Mass is a measure of inertia.

_F':r,;,t = 0 &d = 0 (constant velocity)

—_

Fio+ = ma for any object
Ffo?,x = ma, Frof,y = may Ftof,z = ma,
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Forces:

¢ »Gravitational Force:
>Archimedes Force

»Friction Force:

> Tension Force

~Spring Force

m > Normal Force
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Newton's 3rd Law

When object A exerts a force F on object B,
then object B exerts force “F on object A

A B

+ >

—

FBonA - - FAonB
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Gravitational Force:

F=mg. g=9.8m/s?

R =6,400 km
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‘F‘ =y J[-qm
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—
B R~ §-
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Tension: T

A taut rope exerts forces on whatever holds its ends

A Y F rope
‘/\;\l rope

Tension in rope = Force on ends

—

F

on A

—

F

onB

=T=
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Frictional Forces: F;

Force from surface or from surrounding
fluid which oppose motion

In direction opposite velocity if

Normal Force: N

Force from a solid surface which keeps
objects from falling through

moving .
In direction opposite vector sum of = N L surface N
other forces if stationary N Force on surface = - N
v =y g lF g
Fe
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EXAMPLES of Free Body Diagrams
Ne.l' FO rce Picture of Situation FBD
A free body diagram is
used to calculate the $ fa |
- a
nET foTr*ce oh one F_.=ma @ 4Fo
object. ng
The two equal forces in Newton's
Third Law are on different
objects. TN -
They don't appear on the same free body diagram. g [ <
30 ‘

Lecture 5 Andrei Sirenko, NJIT 15

Lecture 5 Andrei Sirenko, NJIT i mg 16




Dealing with Multiple Forces

If multiple forces are
acting on the same
object, the net force
determines the

EXAMPLE

F, BN 6= 30°

Find F; so that a=0
acceleration. - -
Iinet - Fl_: I:2
F et = Ma F"‘*
Use a free body diagram 12 10N
to keep track of the
forces on one object.
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Normal Force EXAMPLE -
We don't fall through the floor N
This is a constraint === Normal Force (Fy)
ma = Fy+Fg= 0 ma
FN -
A Fn=mg N .
Just balances gravity mg
/ l,—;»g

[ 3 | |to keep block on table

v Note: normal force
-mg is Vaffbb/ez
,

Lecture 5 Andrei Sirenko, NJIT 19

Lecture 5 Andrei Sirenko, NJIT

20




How do we jump ?

Static and Kinetic Friction

A standing person A jumping person
1 - . Static frictional force
x No acceleration Il Acceleration E Fomax = psN
— — (a)
N . e ..
N = . - ‘ Kinetic frictional force
() Net force is zero () Fypr=ma
fk,max — ﬂ'kN
mg mg _ (b)
' FrNemg=0 ¥ Np-mg=ma >0
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Lt . Uniform Circular Motio
Kinetic Friction hiform Circular Motion
Centripetal acceleration Top view:
Kinetic frictional force: Fromax = pN v? y
a = — v =
r I \ N o
Skid marks are 290 m long! Period / n T If'
U= 0.6 and a = const. How €no " ,”b = \
fast was the car going when _ 27 / :
the wheels became locked? T=—
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Centripetal force : F = ma

F=m—
r
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QZ #5

Name, ID #, Section #

Problem 1:

What is the acceleration (in unit vectors notation) of a
particle with m =2 kg due to a combination of two
forces:

Fi= (2N)i+(2N)j-(3N)k and F,= (-2N)i+(2N)j+(6N)k.
Problem 2:
What is the magnitude of the acceleration vector?

Problem 3:
What is the magnitude of the Net Force ?
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