Annoucements
1. Second hour exam — Wed. Oct. 16, 2002 at 10:00-10:55 AM
Bring: Clear head
Calculator
Equation sheet
Assigned seating
(Will not collect HW notebooks.)
2. Extra practice sessions
Monday (today) at 5:30 PM
Tuesday at 5:30 PM?
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12-48. A uniform ladder
weighing 200 N 1s leaning against
a wall. The ladder slips when 0=
60.0°. Assuming that the
coefficients of static friction at
the wall and the ground are the
same, obtain a value for p..

5 unknowns: W, N, f, 1, H,

Answer: g2 +2 tan@ p— 1 =10
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Problem solving steps

1.

PHY 113

Visualize problem — labeling variables.

Determine which basic physical principles apply.

Write down the appropriate equations using the variables
defined in step 1.

Check whether you have the correct amount of
information to solve the problem (at least as many knowns
as unknowns; some information may be redundant).

Solve the equations.

Check whether your answer makes sense (units, order of
magnitude, etc.).
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Review:

Notion of potential energy for conservative force F.:

U(r)=- [Fc-dr'=-W(r,, —>r)

Wil =W+ Wi =UI)-Ur )+ Wy =K, - K,

total

K, +U(r;)=K, + U@+ Wi/

Notion of linear momentum p = mv

In terms of Newton’s second law:
dv _d(mv) _dp

F=ma=m =

dt dt dt
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Linear momentum and Newton’s second law:

F=P
dt

Consequences:

1. If F=0 => cjl—pzo = p = constant
[

2. Notion of impulse: dp =Fdt
A f
jdp =Ap; ;= IFdf
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Physics of composite systems

If Y>F =0=) d;i =0;= > p; =/(constant)

Define center-of-mass velocity: vy = = _!
2. m; M
i
2 m;

center-of-mass displacement: r,, = -

Zmi

dv oum
dt
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Angular motion

angular “displacement” =» 0(t)

Serway, Physics for Sclentists and Enginsers, /e d e

owe 102 ) angular “velocity” = ©(?) = I

(43 < 29 d(D
W& angular “acceleration -)(x )=
dt

~ “natural” unit == 1 radian

Relation to linear variables:

% Sp =1 (8¢6))

0

Ve =1
Harcourt, Inc.
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Newton’s second law applied to center-of-mass motion

dav. dv
FF=>m-—"—=F =M M
; l Zz: " dt total dt

Newton’s second law applied to rotational motion

av. dav.
F, =m, dtl =1, xF =1, xm, dl
[
d?
T, =1, xF,
V, =@XT;
d(oxr,)
= T; = m,I; X
dt
do . L :
=T,y =1 A la  (for rotating about principal axis
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Torque and angular momentum
Define angular momentum: L =rxp

For composite object: L = 1w

Newton’s law for torque:

do dL

Tiotal =1 5 > If1,,,=0 then L = constant

Mechanical equilibrium

l

>E =0, >, =0
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In this fisure, the inclined plane is assumesd to be stationary with ¢ = 22°, The object. having a
mass M = 2 kg starts at the bottom of the incline with an initial speed of v; = 3m/s and moves
up the incline to a maxdmum distance s before moving back down. The value of & will be different
for different questions below. For some of the questions below vou will need to know that the
object has a ovlindrical shape with a radius of 0.4 m with a nen-uniform mass distribution so that
the moment of inertia is I = 0,23 kg-m=.

1. Consider the inclined plane shown 1n the figure above. For this question. asswne that
surface of the incline is frictiondess and that the object moving up the incline slides withoeud
rolling . What 1s the distance s for this case?

2. Again consider the Inclined plane shown in the figure above. For this question. assume that
the object moves up the incline again by sliding withowt rolling. but now the coeflicient of
kinetic friction between the two swfaces 1s g = 0.2, What is the distance s for this case?

3. Finallv again consider the inclined plane shown in the figure above, For this question.
assume that the object now moves up the inchine by rolling witheud slipping, What 1s the
distance s for this case?
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PHY 113

- Vi E

Refore After

4, The fisure above shows a collision of two veldeles, Vehiele 441 Is indtially moving east with a
mas iy = 120067 and an initial velocity of vy = ].D'i'H-_r"qlE. Velicle 42 Is initially moving
north with a meass ms = 200000 and an initial velocity of vag = E'i'H_."I#ﬁ. Immediately alfter
the collision. the two vehicles stick tosether moving with o welocity vy, Use the notion of
eonsEervaiion of momentum to estimate the east and north components of the Onal velocity
veetor vy, Dismuss the validity of conservation of momentum in a similar actual collision.
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7. The figure above shows a plank made of uniform material with a total wedght of 500 N and
lemgth = Gm. supported by the foor and leaning against the wall with an angle @ = 307,
Assming that the systend is in stable equilibrivm, determine the normal foree . statie
Trietion foroe provided by the floor, and the wall normal foree P (Negleot any possible
Trietion foroe provided by wall)
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