Physics 109 Final Review Solutions
Problem 1:
First, draw a simple diagram:

We know o is positive because it's a real image, and we know that f is positive because it's a converging
lens. Then we use the lens equation to find i:

With some algebra:

Substituting the values:

b) Use the magnification equation:

c) Is the image real? No, it's virtual, because i is negative.
Is it inverted? No, it's upright, because m is positive.
Problem 2:
A quick diagram helps. It's important to note where the origin is (under the catapult at ground level)
and which direction x and y point.

This is an acceleration problem so we can use the equations of motion, one for each direction:

The quantity we want is “h” in the diagram, but in the equations it's dfy, so set h = dfy.
To find the rest, we can go through each equation and find each variable:

dfx is the final x distance. This we know to be 100 m, the distance to the castle.
d0x is the initial x distance. This is 0 m because the rock starts above the origin.
Vx can be found from the initial total speed (40m/s) and the initial angle (60º):

t, the time to reach the wall, we don't know
ax, the x-component of acceleration, is 0
Hence the equation becomes:

With that in hand, we can solve the y equation:

dfy=h, the height we want to find
d0y is the initial height, which was given as 10 m
vy = (40 m/s)sin(60º)
ay = gravitational acceleration, -9.8 m/s2. The negative sign is important
t = 5.0s, from before
Altogether:

Problem 3:
First, draw a free-body diagram:

We want the work from friction, which is given by:

r is the displacement, and it's parallel but opposite to the frictional force, and it's 30 m. So:

Frictional force is given by:
Becuase the car is not accelerating in the y direction, the normal force must be opposite and equal to
the y-component of gravitational force:

Given the angle of the incline, we can conclude that:

By Newton's law,

where |g| = 9.8 m/s2, and m was given as 700 kg. Hence:

There are 2 approaches to part b:
1)
Note that the car doesn't move in the y direction, so the y-component of gravity does no work.
Then use the x-component:

2) Use the dot product, and realize that the angle between Fg and r (as vectors) is 90º-10º = 80º:

c) Since energy is conserved, the energy lost when the car stopped is the same as the kinetic energy it
had originally:
The kinetic energy lost is the work of friction plus gravity, or:

Kinetic energy = 1/2 mv2:

Problem 4:
Moment of inertia (I) = mr2, where r is the distance from the axis.
For x:

The torque law is:

b) About O, the radii are different. We use pythagorus' theorem to find them:

Setting the torque to 240 kg m2/s2:

Problem 5:
a) The wall exerts an upward force at the front and a downward force at the back:

b) We know that the shelf isn't moving, so:

We also know it isn't turning, so net torque is 0.
In the diagram, the reference frame is at the far left. This helps because it means that Fs2 exerts no
torque. Thus:

Drawing another diagram:

Fg=mg, as usual:

Because gravity pulls at the centre of mass (halfway along the shelf):

And from the length of the shelf:

Both r's are perpendicular to the forces, so:

Now use the sum of forces:

Given their directions:

Problem 6:

a) For the child to lose their grip, the centripetal force must be equal to or greater than the child's
strength:

Centripetal force is related to velocity by:

where w is angular speed.

b) By equations of motion:

w0 = 0; it starts from rest. We want time, so isolate it:

is the angular acceleration. We find that with torque:

The torque is the force of the push times the radius, since the push is tangential:

The moment of inertia is the child's + the carousel's:

c) It will be an inelastic collision because the child and dog won't bounce off each other.
First, find the child's velocity:
Then a diagram:

Before:

After:

This uses conservation of momentum, so we use conservation for each axis:
X:
Before collision:

Total x momentum: 147 kg m/s
After collision:

Y:
Before collision:

After collision:

Problem 7:
First thing: Draw a
free-body diagram:

We'll use a reference frame that travels with the boulder, which means centrifugal force (Fc) is a real
force.
While the boulder is on the hill, it stays on the hill, so the net y force is 0:

As usual,

When the boulder becomes airborne, FN = 0, so:

So what's v? We use conservation of energy: The gravitational potential energy lost (P.E.) must go into
kinetic energy (K.E.) and rotational kinetic energy (R.E.):

We also know that:

To find cosø, use trigonometry:

