Physics I – Final – Fall 2005

Answer Key

Part A – 80 Points (20x4).  There is partial credit for some questions.

1.
AE.  2 points for A only or E only.

2.
C.

3.
AB.  2 points for A only or B only.

4.
DE.  2 points for D only or E only.

5.
C.

6.
B.

7.
B.

8.
D.

9.
B.

10.
12.

11.
A.  2 points for B.

12.
E.  2 points for F.

13.
E.  2 points for F.

14.
A.

15.
C.

16.
C.

17.
0.

18.
0.  Any answer consistent with all selected for #17 above (all same) gets 4 points.

19.
ABCDE.  –1 point for each letter missing down to minimum score of 0.
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20.
same.

B-1 20 Points

Force is constant, and so a is constant.

The cart goes –0.5 m in 1.0 s, and so the
average v is –0.5 m/s.  Since the cart
momentarily stops at x = 0.5, the initial
v must be –1.0 m/s.  This is all we need
to know to draw the graphs.

Many combinations of equations 1-5
could be used for these calculations.

Looking For

1.
x graph is parabolic

2.
v graph is a straight line and 0 at t = 1

3.
a graph is constant

4.
x = +0.5 at t = 1 sec.

5.
x =+1 at t = 2 sec.

6.
v = –1 at t = 0 sec

7.
a = +1 at any time

B-2 20 Points
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Use conservation of energy.

KE = 0 at top and bottom.

At bottom, spring PE = ½ k (0.1)2
At top, grav PE = mgh = (2)(9.8)(0.1) = 1.96 J

This allows us to find k = 392 N/m.

Fy = –k (y–0.1) – m g = 19.6 – 392 y

Fy passes through 0 at y = 0.05.

This is the maximum of KE (goes down after).

Therefore it is the minimum of PE.

PE at y = 0.05 = ½ k (0.05)2 + m g (0.05) = 1.47 J

Shape of PE graph is parabola; KE is inverted.

Looking For

1.
PE graph is parabolic

2.
Fy graph is a straight line and 0 at y = 0.05

3.
KE graph is mirror of PE graph 

4.
Fy = 19.6 N at y = 0.

5.
PEmax – PEmin = 0.49 J 

6.
KE = 0 at y = 0 and y = 0.1 

7.
KEmax = PEmax – PEmin

B-3 20 Points
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Use  = r x F.  Direction by r.h. rule is –Z.

F is in –Y direction, so only X part of r needed.

Therefore,  is constant = –49 N m.

Then use dl/dt =  = -–49, so l starts at 0 and then

goes in a straight line, ending at (–49)(10) = –490.

You could also get l from l = r x p = r x (m v)

Dir. of ang. mom. is –Z.

Looking For

1.
 graph is constant

2.
 is in –Z direction

3.
l graph is line starting at 0

4.
l is in same direction as 
5.
 = + or –49 at some time

6.
l = + or –490 at t = 10 s.

C-1 20 points
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The most direct way to solve this problem is to start with a graph of v versus t.  The area under that graph is the distance covered.

t1 is the time to go from rest to top speed.

It takes 2 t1 to slow down to zero speed.

Total time is 3 t1 seconds.

The maximum speed is a t1 = 5 t1.

The area of the triangle is ½ base x height.

½ (3 t1) (5 t1) = 750

t1 = 10, 3 t1 = total time = 30 sec.

C-2 20 points

This is a conservation of momentum problem first, then check KE.

Let the unit of mass be 1 Hydrogen and the unit of velocity = 1 x 106 m/s for simplicity of calc.

Initial momentum = (1)(5) i = 5 i.

The unknowns are final X and Y velocity of Hydrogen, VHX and VHX.  Cons. of Mom X and Y:

X: 5 = (1)(VHX) + (4)(1) → VHX = 1.

Y: 0 = (1)(VHY) + (4)(–1) → VHY = 4.

Initial: KE = ½ (1)(52) = 25/2

Final KE = ½ (1)(12+42) + ½ (4)(12 + (–1)2) = 17/2 + 8/2 = 25/2.

Initial KE = Final KE therefore the collision was elastic.

C-3 20 points

Need to find the potential energy of each pair of charges.  One way to do this is to build the configuration one charge at a time, adding the potential energy U = q V of each charge to the total as the charge is brought into the configuration from infinity.  q is the charge you bring in, V is from all the other charges already in place.

Label the charges: 1 = lower left, 2 = lower right, 3 = top.

Bring in charge 1, V = 0 (no charges there yet) so U1 = q1 V1 = 0.

Bring in charge 2:
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Bring in charge 3:
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Total U = U1 + U2 + U3 = 0 J.
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