Wed. [5.1-.5 Rate of Change & Components Quiz 4 |RE 5.a bring laptop, smartphone, pad,...

Lab  [Review for Exam 1(Ch 1-4) Practice Exam 1 (due beginning of lab)
Fri.

Mon. [5.5-.7 Curving Motion RE 5.b
Tues. EP 5, HW5: Ch5 Pr’s 16, 19, 45, 48, 64(c&d)
Fri.  [3pm -

Ch. 5 — Rate of change (if any) of momentum

Today: Special Cases

Equilibium




The process for force problems

Define and stick with your system

Identify what objects are interacting with it and
determine the corresponding forces acting upon it
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String 1

String 2

What objects exert significant forces on
the red block?

0O 0 T W

Earth, String 1, String 2

Earth, String 1, String 2, Hand

Earth, String 1, String 2, Hand, Ceiling
Earth, Hand, Ceiling




What objects exert significant forces on
the red block?

String 1 \g
| . Earth, String 1, String 2
2tring 2 Q . Earth, String 1, String 2, Hand
Earth, String 1, String 2, Hand, Ceiling
Earth, Hand, Ceiling
Here is an incomplete force diagram for the ,
system of the red block. 8 4 2
7 < \ / » 3
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To complete it we need to draw the force due
to String 1. Which arrow best indicates the
direction of this force?

9 zero magnitude




Equilibrium
= _dp

system<«— dt

Q: Can an object ever be in equilibrium if the object is acted on by only (a) a single nonzero
force, (b) two forces that point in mutually perpendicular directions, and (c) two forces that
point in directions that are not perpendicular?
1 (a)

(b)

(c)

(a) & (b)

(a) & (c)

(b) & (c)

(a), (b), & (c)




Equilibrium
1-D Example. A 4 kg sheep sign hangs outside a woolen factory; if 2/3 of the
weight is born by the right chain, what is the tension in the left chain?

|Fsys<_R.y|=2/3|Fsys<_E.y| —%

|:system<—_ —
all dt
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\Fsys(_L+Fsys<_R+Fsys<_E=c})
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5. I 1 L'cag E
‘“‘sys<_LZ""15(_R2J-‘sys(_bz:o

(_L_y+FSys(_R.y_mg=O

Fsys
Fsys(_L_y-I_z/Bmg_mg:O
Fsys(_

R R L_y'1/3m9=0
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Fops _1y="smg =1/, (4kg)(9.8 g) =13.1 kgg =13.1N

Young’s Modulus Tie-in: If material, radius, and initial length of wires were
given, could find how much the stretch holding the sheep.



Equilibrium

Pause and Consider: A box
hangs from a rope as illustrated.
Can the rope be pulled tight
enough to be completely
horizontal?



Equilibrium
2-D Relations. A box hangs from a rope as illustrated.

_dp
y Z systeme— 4. 0

o dt
\Fsy - +Fsys<_R+Fsys<_E=c})
( X |
x: Fg, Lx+FsyS(_ +F =0
y: Fy, y T FEsyg +F gy =0
z: Fy, LZ+FsyS F g,=0



The object hangs in equilibrium.| a. = F. | —mg
|F,| and |F,| are magnitudes | p. o= F. | +| F,| —mg
of forces. c. 0=—|F,|*cos(0) + |F,]
d

. 0=|F;|*cos(0) —mg
Which equation correctly
states that dp /dt = Fnet ?




Equilibrium
2-D Exam pIe Say the box is 10 kg and the angles of the two ropes (from the
horizontal) are 0,=20° and 0, = 25°. What are the magnitudes of the tensions in each rope?
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—>X
S "
: Fsys<_L_y+Fsys(_R.y=mg Xt Fsys<_L_x+Fsys<_R.x=0
Fsys . Lsin(eL) + Fsys - RSin(eR) = myg Fsys - LCOS(HL) _ Fsys - RCOS(HR)= 0
Feps & cos(0) sin(0,) + Fy _ RSin(0y) = myg F =F . cos(6y)
cos(d,) e 77 <" cos(6)
Fsys . RcoS(HR)tan(HL) + Fsys - RSin(HR) = myg o
F.. , =130n 05257
Fyys _ r(cos(0p)tan(0,) + sin(0)) = mg e cos(20°)
P _ mg Fes ,=125N
Ssys R ] -
S cos(f,)tan(6,) + sin(6y)
(10kg)(9.87)

F =
Vs < B cos(25°)tan(20°) + sin(25°)
F.. .=130N



Hanging Bar Example

What's the force at the hinge in terms of the measurable angles,
tension, and weights?



Elevator Example

What's the normal force read by scale you're standing on in an
elevator that’s rising at a constant rate?

What’s the normal force read by scale you're standing on in an
elevator that’s accelerating up to speed?



Changing Momentum: Magnitude and Direction

= _dp _d(p[p)_dlpl
net—obj dt o dt dt ‘ p‘
\_Y_) \ ;
Speeding/slowing changing direction
Should point... Parallel to Perpendicular to
momentum vector momentum vector

Special Case: Uniform Circular Motion (only direction changing)

dp d(lp\ ) A_I_‘md_p similarly \_/,:df: FF_I_‘_, df

dt dt dt\IO dt dt  dt

comparin

A\

dt
Rate of change of
position vector’s
direction




Changing Momentum: Magnitude and Direction

= _dp _d(pp)_dp|,
net—obj dt o dt dt ‘ p‘
\_Y_) \ ;
Speeding/slowing changing direction
Should point... Parallel to Perpendicular to /
momentum vector momentum vector

Special Case: Uniform Circular I\/Iotlon
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dr| _|do| 1, dt t
dt| [dt| |F]
. Rate of change of momentum
Rate of change of position Equals

;. . vector’s direction
vector’s direction

drj _|dp| _ 1,
dt| |dt| |F
do direction?
" Opposite of r. —F
! @ — _‘ m v f
See Vpython example dp ’ dt ‘r‘



Circular
Motion
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Kepler’s 37 Law of Planetary Motion



