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The circuit above is constructed and at time t = O s the switch is closed (the circuit is turned on).

(a) What is the initial current that runs through the 10 ohm resistor?

Ans: initially the capacitor is uncharged and acts like a short circuit (o ohms of resistance). As a result
all the current runs through the 10 ohm resistor and the 2.0 F capacitor. No current runs through the 20
or the 15 ohm resistors.

(b) After a long time, what is the current through the ten ohm resistor.

After “a long time” the capacitor is charged and acts as an infinite resistance. As a result, the current
runs through the 20 and 15 ohm resistors (which are in parallel).

* The equivalent resistance of the 20 and the 15 together is 8.6 ohms

* The equivalent resistance of the the entire circuit is 18.6 ohms

* The current that runs through the 10 ohm resistor is the total current or 20/18.6 = 1.08 amps

(c) What is the voltage drop across the 10-ohm resistor after a very long time?

Voltage= IR=1.08 A10L2) =10.8V



(d) What is the voltage drop across the capacitor after a very long time?

The voltage drop across the capacitor is the same as the voltage drop across the 20 ohm is the same as
the voltage drop across the 15 ohm resistor because all three of them are in parallel. From Kirchoff’s
law you could just subtract 10.8 V from the 20 V to get 9.2 V or multiply the total current (1.08 amps) by
the equivalent resistance of the parallel resistors (8.6 ohms) to get the same thing (roughly)

(e) How much charge is on the capacitor?
Q=CV =2F(9.2V)=18.4coulomb:
Notice tat this is a very large capacitor compared to what is used in practice
(f) How much energy is stored in this capacitor?
E = £CV? =85 joules
(g) Let’s say that you have a mass of 50 kg and I used this capacitor to shock you and all of its energy
went into throwing you up in the air. How high would it lift you?

Electrical energy is converted to gravitational potential energy.
85 joules = mgh

h=0.17mor 17 cm



prtical )
. net reaction
rdaction

force

tension
angle

horizontal

. reactinn forece

Joe’s
Tnn
weight of
bar (mg)
usually
acts at the weight of
midpoint the cion
of the bar

The diagram above depicts the famous “Joe’s Inn sign problem.” It is a classic problem in
STATICS
There are three conditions for static equilibrium
* The sum of the forces in the x direction (or i “hat” direction =0

* The sum of the forces in the y direction (or | hat direction) =0
* The sum of the torques =0

NOTICE THAT THE FIRST TWO CONDITIONS MEET NEWTON'’S SECOND LAW. THE THIRD
CONDITION MEETS NEWTON'S FIRST LAW FOR ROTATIONAL MOTION



The three conditions give us three possible equations to work with. Thus we can solve for three
unknowns. These unknowns are usually (but not always)

* The tension in the wire
* The horizontal reaction force
» The vertical reaction force

If the wall of the building cannot withstand the magnitude of the reaction force, the building owner has
problems.

Given the following conditions, let’s solve for these unknowns.

» The weight of the bar is 1500 N (if the mass was given you would need to multiply it by 9.8 ms‘z)

* The length of the bar is 1.5 m

» The weight of the sign is 2000 N

* The bar hangs at a point 1.1 m from the point where the bar pushes against the wall

» The wire is at an angle of 35° above the bar and is attached at a point 1.3 m from where the bar pushes
against the wall.

NOTE: IN THIS PROBLEM WE WILL CHOOSE THE POINT FROM WHICH TO MEASURE
TORQUE FROM AS THE PLACE WHERE THE BAR PUSHES AGAINST THE WALL. IN FACT, YOU
CAN CHOOSE ANY POINT ALONG THE BAR TO MEASURE TORQUE FROM. YOU’RE ANSWER
WILL BE THE SAME BUT MORE DIFFICULT IF YOU CHOOSE ANOTHER POINT.

1. Identify the torques from
* the weight of the bar acting at its center of mass (also called the center of gravity)
* the weight of the sign acting at where it hangs
* The vertical component of tension acting at where the wire is attached

NOTICE THAT SINCE WE CHOSE TO USE THE INTERSECTION OF THE BAR WITH THE
WALL AS OUR POINT FROM WHICH TO MEASURE TORQUE THERE IS NO TORQUE FROM THE
REACTION FORCES

ALSO IN THIS PROBLEM, SINCE THE BAR IS HORIZONTAL, THE ANGLE BETWEEN THE
WEIGHT OF THE SIGN AND THE BAR AND THE BAR ITSELF (THE MOMENT ARM) IS 90°
2. Identify the forces in the “y” direction

* The weight of the bar

» The weight of the sign

» The vertical component of tension (Tsin)

* The vertical component of the reaction force (usually up but not always)
3. Identify the forces in the “x” direction.

* The horizontal component of tension (Tcos)



* The horizontal component of the reaction force

OK. Let’s get some equations

sum of the torques=-m, _gd_-m._ d. +Tsin0 =0

sign " sign
We can use our given quantities to solve for the tension in the wire

0 =1500N(0.75m) + 2000N(1.1m) - T(1.3m)sin35

T=45x103N

Sum of the forces in the x direction =0 =-Tcosd + reaction_ forcei)

I made the horizontal component of tension negative since it points to the left

From this and the fact that the tension is 4.5 x 103 N we can calculate that the horizontal component of
the reaction force is

3.7x 103N

Sum of the force in the y direction =-1300N,_ -

Notice that | madeup positive and down negative

-J000N + Tsm6+ F

reacton )

From this and the fact that the tension is 4.5 x 103 N'N, we get a vertical reaction force of

919N

It is possible that the vertical reaction force is negative in this problem. In that case it means that the vertical reaction force
is actually pointing down, or in other words, if the wall could not hold the bar, the bar would rotate clockwise.

OK, now that we have the vertical and horizontal components for the reaction force, let’s get the net
reaction force (both magnitude and direction)

Magnitude = 4fi’ + j = 4/(3.7x10°)” + (9.2x10°)* = 3.8x10’N

Angle

tan"l(:—) =14°

elastic_collision in 2

A billiard ball travels horizontally with a speed of of 20 m/s and strikes a billiard ball of equal mass in a



perfectly elastic collision. The first billiard ball then moves off at an angle of 30° above horizontal. In
an elastic collision momentum and kinetic energy is conserved

In an inelastic collision momentum is conservedby kinetic energy is lost

usually to sound or deformation of the colliding objects. Almost all collisionsare at least
somewhatinelastic.

(a) Write an expression for conservation of momentum in the i direction

Write an expression for conservation of momentum in the j direction

Write an expression for the conservation of kinetic energy.

(b) Move all terms in equation 1 and equation 2 involving v2 and theta_2 to the right and all terms

involving v1> V](final), and theta 1 to the left.

(c) Square equations one and two and add them together. This is equation four

(d) Use equation three to derive an expression for v22.

(e) Put this expression for v22 into equation four.

(f) Solve for v](final)



(g) Solve for v2(final)

(h) Solve for theta 2.

3. An empty coal train car that has a mass of 7000 kg is moving at a velocity of 6.0 m/s along a track. A
coal shoot then dumps 15000 kg into the box car from above. This assumes that the fore of the coal
landing inn the train car is entirely in a vertical direction and thus horizontal momentum of the system
stays constant.

(a) What is the initial momentum of the coal train car?

(b) What is the final momentum of the coal train car?

(c) What is the final velocity of the coal train car?
PHYSCIWKSHT. Range of Projectile

After you have split the initial velocity of a projectile into its vertical and horizontal components, you



can use Newton’s equations of motion under the influence of constantaccelerationto solve for the
time (in seconds) of the projectile’s flight. The two great advantages of studying motion under the
influence of gravity are

1. The acceleration of gravity g (-9.8 m/sz) is nearly constant near the Earth’s surface. It is negative
since gravity points downward

2. Gravity points downward (the negative | direction)
3. There is no acceleration in the i or horizontal direction if air resistance is ignored

NewtonOEquationsof Motion

Vinal = Vit +28d

Vina = Viniga + al

distance
time

(Vinitial * Viinal )

average = 2

average

\Y;
Vina = Vinitar + @ 1

1 . ) ..
R=R.ia + Viia cOSO- t+ Eat2 (m the horizontal direction a=0)
so this reduces to
R= R + Viia cos0-t

Where R is the Range or horizontal distance the projectile travels

In the vertical direction

1 o . N
h=h i + Viiia SINO- t+ Eat2 Since in the vertical direction a=g=-9.8 m/s2
this reduces to

h=h

initia

[+ V.

SN0 t— %gtz (g 1s negative since gravity points down)
In all the above equations,

v or V stands for velocity and is measured in meters/second

t stands for time and is measured in seconds

a stands for acceleration and is measured in m/s2

h stands for height and is measured in meters

To solve projectile motion problem, the key is to



* separate the motion into vertical and horizontal components
* solve for the time (¢) of the motion. You will usually use the vertical motion to do this
part This time 1s what connects the horizontal and vertical components together.
* Find the range in meters using Newton’s equations
* Find the maximum height that the projectile reaches
* Find the final vertical velocity using Newton’s equations
* The horizontal velocity does not change. You can get the final nef velocity (magnitude and

direction) from the final horizontal (i) and final vertical (j) velocities

Example:

A projectile is launched off the edge of a cliff with an initial velocity of 100 m/s at an angle of 40.0°
above horizontal. The cliff is 50 meters high.

™ N\
“ \

/s maximum height (notice that
the vertical velocity is zero)

h=50m

splat!!

Range




hipitial = 50 m Vhorizontal = 100m/sscos 40 = 76.6 m/si
hfinal =0 m Vvertical = 100m/sesin40 = 64.3 m/s

t=72?7 Range (horizontal distance traveled)= 77?7
Vﬁnal(horizontal): "N

A. How long does it take (in seconds) for the projectile to reach the ground?

. 1
Since h = Pinigar + Vinitar SN O T = Egtz

1
Weget (=50+643t- 5(9.8)t2

This is a quadratic equation where

a= -49 b=064.3 c =350

Solving gives us

—64.3% 4/64.3* —4-(-4.9)- 50
2(-4.9)

t=-0.736s andt=13.85s

Negative time makes no sense so we choose the positive answer. Thus it takes 13.8 seconds for

the projectile to reach the ground.

B. How far does it land from the bottom of the cliff (what is its range)?
R=Riar + Viniiar €080~ 1
Since Rinitial = () meters (where it started from)
R=76.6 m/s*13.8 s= 1057 meters (1.06 x 103 m)

C. What is the maximum height that the projectile reaches?

Since v’ =V, +2ad
We can solve this in the vertical direction only

We can use the fact that at its maximum height the vertical velocity = 0 m/s

0 = Viznitialvertical + 2(_98) h
= Vi2nitialvertical
2-(9.8)
2
h_o043
19.6

to this add the initial height of 50 meters. Therefore, the projectile goes to a height of 261 m



D. What is the final vertical velocity of the projectile?
Viinal = Vinita + @ 1

= Vinitial(vertical) -9.8-1

Vfinal(vertical) =643-98- (138)

Vfinal(vertical) =-71.0m/s

Vfinal(vertical )

This is negative because the projectile is headed down (j is negative)

E. What is the final horizontal velocity of the projectile
Since there is no acceleration in the horizontal direction the final horizontal velocity is
the same as the initial horizontal velocity, or

76.6 m/s i

F. What is the magnitude of the final net velocity?

Vina = (76.61 = 71j))m/ s

Vina = \(76.6) + (=71.0%)
V., =105m/s

final

G. What is the direction of the final net velocity?

O =tan” (IJ—)

0 =tan™ (—_71 'O)
76.6

0=-42.8°
This means that the direction of the final velocity is 42.8° below horizontal (down and to the
right)



charged particle through vertical electric_field

Two parallel plates are shown as above. The top plate is connected to the positive terminal of a 30,000
V battery.

The distance between the plates is. 5.00 mm
The length of the plate is 8.0 cm

The initial horizontal velocity of the charged particle is 3.3 x 100 my/s.
The initial vertical velocity is zero.

The charge is 4.8 x 10-19 C
The mass of the particle is 9.9x 10-27 kg.

a) Draw the direction of the electric field.

The direction of the electric field goes from the positive plate (the top plate) to the negative (bottom) plate

b) What is the strength of the electric field? Give answer in both accepted SI units.

The electric field is measured in volts per meter or newtons/coulomb.

c) What is the force on the particle?

The force on a charged particle in an electric field is equal to Eq

d) What is the acceleration of the particle? Give direction.



Note: Often students think that this is an impossible acceleration since the maximum speed limit of the

universe is 3.0 x 108 m/s. But this is an acceleration, not a speed. The acceleration is down since a
positive charge is deflected away from a positively charged plate. Notice that the acceleration from the
electric field is much greater than that due to gravity and thus we can ignore gravity in this problem

e) How long does it take the particle to go through the electric field?

Now we have a projectile motion problem

 The horizontal velocity stays constant **
» We can use the length (L) of the plate to find the time

**This is only true when the acceleration is 0.

f) What is the final vertical velocity of the particle?

Notice that we are only finding the vertical velocity

g) What is the magnitude of the final net velocity?
The horizontal velocity stays the same (3.3 x 106 m/s)So

h) What is the direction of the final net velocity









