September 8

GOAL Protocol

Gather info about problem

Common sense ideas for reasonable values, educated guess about
answer, what are you after?

Organize the information

Chose a system, draw diagrams, identify initial and final states,
identify fundamental principles and definitions, prepare table with
given info and what is being asked, PLAN the problem

Analyze the problem
Use principles/definitions to solve for unknowns (may be
intermediate steps). AFTER completing algebra/calculus, substitute
in known values organized previously, draw box around answer

Learn from your efforts

See if results fit original ideas, why where you assigned this
problem, how is it different , special step in solution?



Fan cart mass 400g, constant net force due to air and friction is <0.20, 0, 0> N. Release
from rest at 0.15 m. Where is it 1.0 s later?
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GATHER: expect it to move in positive x direction
Final displacement should be small, on order of a meter

ORGANIZE:

F
rack
System: cart w/fan. Indicated by a circle as shown here T N
Surroundings: Earth, track, air cart 0# i
Initial time =0 Final time = 1.0 s l i
Will use Momentum Principle p, = p, + Fy At Fartis
!jl = pl + F.;h_'IAI = fil + (F.Ir.u.'k + F.'['.urlh + F:nr ) At F;mrk _F}i‘mh
P =0+(020.0,0)N (1.0 5)=(0.20.0.0) N-s
5, (0.20,0.0) s

v, =ﬁ=#=(0.50,0,0)% v, =(0,0,0)= V.. =(025.0,0)=

m 0.400 kg
Fo=F+7, Ar=(0.15,0.0)m +(0.25.0.0)=(1.0 5) = (0.40,0.0)m

1

\}- Check: Speed increased, which is reasonable since force in same direction as momentum.
Note: This is correct calculation of average velocity only when net force is constant.

See example pg 48, where initial velocity is <1.2,0,0> m/s and final time is 3 s.



Example: A ball with negligible air resistance

A ball of mass 500 g is initiallv on the ground. at location (0. 0.0} m , and
vou Kick itwith initial velocity (3,7.0) m/s. (a) Where will the ball be half
asecond laterz (b) At what time will the ball hit the groundz Make the ap-
proximation that air resistance is negligible, and use the previous analviical
result for motion with a constant force.,



Example: A ball with negligible air resistance

A ball of mass 500 g is initiallv on the ground. at location (0. 0.0) m, and
vou Kick it with initial velocity (3, 7,0) m/s. (a) Where will the ball be hall
asecond laterz (b) At what time will the ball hit the ground? Make the ap-
proximation that air resistance is negligible, and use the previous analytical
result for moton with a constant lorce.

I. Momentum principle

Svstem: ball

Surroundings: Earth (neglecting air resistance)

Initial times: just atter the Kick

Final time: just betore hitting the ground



2. Position update

(a) Using results from the analvical solution in the

previous example;

a
Fpeo = (0, —mg, 0) 50 F_ = -mg

Xp= o+ AL

¥y= (+(3mss)05 s)=1.5m)

W= v+ v AL+ ‘—l,[t_ﬁg-"]ll.m2

W= 04 (Tm/s)(0.55) - iul.?ﬁ.\/kgll'l.:‘. s12 = 2975 m
fr= (1.5, 2275, ) m
f= (15,2275,
A, Check: correct unis, Ball has moved in appropriate direction,
() At the instant the ball hits the ground, v, = (1,50

0 =0+ A+ é(—gi{.\:j‘—’

win time A, we find

Solving this quadratic equation for the unk
rwor possible valtes:

2T

At = 0 and Al =

£

alue, At = 0 corresponds o the i

The first Wl situation, when
the ball 1s near the ground, just afrer the kick. The second value s

the time when the ball retrns to the ground, just betore hitting:

In this case, the n
canse the g
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x (inerenses il constant re)
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Flgure 216 Motion  graphs  for  the
thrown ball. Top: oy w5 4 botome « ws. £
Mowe tha loes not change because the
net force acted only in the y direction




Introduction to 3D computer modeling



Lab: Motion in the x direction
A: Cart and Track
B: Fan Cart Movies
C: Modeling Motion with VPython




