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Announcements

[_tome Page |
e i-Clicker mailing list: all names on the roster who
have not been assigned an i-clicker remote id. Please [ eree |
answer before Monday September 26th. Will start W]
counting next week.




4. Motion in 2D and 3D. Uniform circular motion
e Particle moving around a circle or circular arc

e The speed |J| is constant.
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e Centripetal (center-seeking) Acceleration

The acceleration vector
always points toward the

center.
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e Proof:
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¢ Period
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T = — how long for one rotation
v

e Frequency
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I-Clicker
An object moving on a circular trajectory of radius
r with constant speed v is at the same time falling
freely near the Earth’'s surface. Which of the following
statements holds for the total acceleration vector?

A) It is horizontal.
B) It is vertical.

~V\O g ©C) Its magnitude is g.
D) Its magnitude is v?/r.

A

FE) It makes an angle

6 = arctan(v?/rg) with g.



Answer
An object moving on a circular trajectory of radius
r with constant speed v is at the same time falling
freely near the Earth’'s surface. Which of the following
statements holds for the total acceleration vector?

A) It is horizontal.
B) It is vertical.
C) Its magnitude is g.

D) Its magnitude is v?/r.

E) It makes an angle

6 = arctan(v?/rg) with g.



Relative motion in one dimension

e cars travel at 50-60 mph yet
they barely move with respect
to each other.




e passengers stand still on
moving walkway yet they move
with respect to the ground.

The velocity of a particle depends
on the reference frame of the observer.



e What is the ve-

------------------------------------------- locity of car P mea-

sured by the driver of

Frame B moves past
frame A while both

observe P.
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xpa Coordinate of B in
frame A 0 &9

rpa coordinate of P in i
frame A

xpp coordinate of P in
frame B

TpA = TpPB + TBA



Frame A

Frame B moves past
frame A while both

observe P.
b
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xpa Ccoordinate of B in
frame A

xpa COordinate of P in
frame A

xpp coordinate of P in
frame B

TpA = TpPB + TBA

VUpA = UpPB + UBA




d’UpA dUpB 4 dUBA — 4+
— a = a a
dt dt di PA PB BA

e Note: if agq =0 then apyg = app.

Different observers moving at constant
velocity relative to each other will measure
the same acceleration for a moving particle P.



I-Clicker
Two cars A and B move on straight line with con- [ rome cage |

stant velocities v4 = 20km/h and vg = —30km/h rel- |
ative to a stationary observer. Recall that vy IS the
velocity of B measured by the driver A while vap IS KIEd

the velocity of A measured by the driver B.

L]
A) VAB — 20 km/h, VBA — —BOkm/h
B) vap = 50km/h, vpa = —50km/h

w=20km/h  vg=-30km/h C) vap = 50km/h, vpa = 50km/h
— =0 . D)uvap=—50km/h, vga = —50 km/ /b
E) vap = —30km/h, vps = 20km/h EEEEE
[ ou |




Answer
Two cars A and B move on straight line with con- [ rome cage |

stant velocities v4 = 20km/h and vg = —30km/h rel- |
ative to a stationary observer. Recall that vy IS the
velocity of B measured by the driver A while vap IS KIEd

the velocity of A measured by the driver B.
KN
A) VAB — 20 km/h, VBA — —BOkm/h
B) vap = 50km/h, vpa = —50km/h

w=20km/h  vg=-30km/h C) vap = 50km/h, vpa = 50km/h
— =0 . D)uvap=—50km/h, vga = —50 km/ /b

E) vap = —30km/h, vps = 20km/h EEEEE
UB = VA T UBA VA = UB T VUAB T



Relative motion in two dimensions

N ™pB
TPA
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- Frame B
TBA

Frame A

Fig. 4-19 Frame B has the constant two-
dimensional velocity V g4 relative to frame
A. The position vector of B relative to A is
7 ga- The position vectors of particle P are
T p4 relative to A and 7 pp relative to B.

The motion of particle
P is studied by two
observers moving
at constant velocity
relative to each other.

Observer B is mov-
ing with constant ve-
locity vp4 relative to
observer A.




Frame A

Fig. 4-19 Frame B has the constant two-
dimensional velocity V g4 relative to frame
A. The position vector of B relative to A is
7 ga- The position vectors of particle P are
T p4 relative to A and 7 pp relative to B.

e rpy POSition vector of
P relative to A

e rpp position vector of
P relative to B

e "g4 POSition vector of
B relative to A
TpA = TpB + TBA

e Ssame notation for ve-
locity and acceleration
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Fig. 4-19 Frame B has the constant two-
dimensional velocity V g4 relative to frame
A. The position vector of B relative to A is
7 ga- The position vectors of particle P are
T p4 relative to A and 7 pp relative to B.
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5. Force and Motion I

e What causes motion? What changes motion?

T ——

e How do objects interact with each other?



e First mathematical theory:

Isaac Newton, Principia Mathematica, 1687



Newtonian Mechanics

e Relation between force and acceleration

J
T hree fundamental laws.

e Does not apply to all physical phenomena:

e Particles travelling close to the speed of light.
(Special relativity)

e Atomic and sub-atomic particles.
(Quantum mechanics)



e How can we define force?

e Basic idea: a physical effect which changes
the velocity of an object.

e Mathematically: force is a vector quantity;
it has direction and magnitude

e Examples:
e Gravitational attraction

All objects near the Earth’s
Fg’ surface are attracted to-
wards the Earth.

Earth's
surface



e Push and pull forces

F (force)

Push




e Normal force _
Any object placed on a

surface is subject to a

R push force stopping it from —EEEEE
I falling through. E BN
— Always perpendicular to

i J the surface. .
e Frictional force (friction) oroecner |
. . [ cosaer |

Resistance force opposing
motion. [P sereen_|
— Always tangent to the sur- =N

R pull face.

T force e ]




e Tension: pull force exerted by a (massless
unstretchable) cord

The forces at the two ends of
the cord are equal in magnitude.

e Other forces in nature:
electromagnetic, weak, strong ...



Newton’s First Law

If no force acts on a body, the body’s
velocity cannot change; the body cannot
accelerate.

Y

If the body is at rest, it will stay at rest.
If it is moving, it will continue to move
with the same velocity (same magnitude
and direction.)




e Good approximation: puck sliding on ice

@

Friction is negligible for a short ice strip but on a
very long ice strip the puck will eventually stop.



e Forces are vectors (magnitude and direction.)

e T he net force acting on an object is the

vector sum of all individual forces acting on that

object.
Fret=Fy+ Fv+f+T+
R

QT —



Newton’s 1st Law (reformulation)

If no net force acts on a body,
ﬁnet — 07
the body’s velocity cannot change;

the body cannot accelerate.



e Inertial Frame: a frame in which Newton’'s laws

hold.
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Puck sliding on a strip
of frictionless ice.

(a) the path of the puck
seen by a stationary ob-
server in space (inertial)

(b) the path of the puck
seen by a ground observer
rotating with the Earth.
(noninertial)

Note: apparent deflection caused by gradient in
Earth’'s rotation; for a short strip of ice a
a ground observer is ~ inertial.




What is the main effect of a nonzero net force?
[ tome Page_|

e An applied force can set stationary object in motion e poce ]
or can stop a moving object. I

U

change in velocity, hence acceleration.




What is the relation between the net force
acting on an object and the resulting
acceleration?

U

Newton’s second law

Fhet = ma,

e M=Mass: intrinsic characteristic of a body re-
lating a force on the body to the resulting accelera-
tion.



I-Clicker
The graph below
represents the xT-
component of the
velocity of an object
as a function of time.
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Which of the following graphs
represents the time depen-
dence of the z-component of [ o e |
the net force acting on the
object? [_Tite Page_|
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Answer
The graph below
represents the xT-
component of the
velocity of an object
as a function of time.
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Which of the following graphs
represents the time depen-
dence of the z-component of
the net force acting on the
object?
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e Force unit: Newton (N)
[ tome page ]
1 Newton = the force [T Page_|

exerted on a standard il

mass of 1 kg to produce

&

i 2
Fig. 5-1 A force F on the standard kilo- an acceleration of 1 m/s .

gram gives that body an acceleration @.



