Physics I – Final – Fall 2006

Answer Key

Part A-1 – 48 Points (12 × 4).  There is partial credit for some questions.

1.
A.

2.
A.

3.
B.

4.
C.

5.
B.

6.
AF. +2 each, >2 choices = no credit

7.
A.

8.
A. +2 points for B

9.
D. +2 points for C

10.
C.

11.
B.

12.
C.

Part A-2 – 24 Points (24 × 1).
1.
1.

2.
6.

3.
11.

4.
12.

5.
14.

6.
17.

7.
44.

8.
20.

9.
19.

10.
22.

11.
23.

12.
26.

13.
45.

14.
39.

15.
41.

16.
36.

17.
43.

18.
40.

19.
46.

20.
47.

21.
48.

22.
50.

23.
54.

24.
55.
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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

x graph is parabolic

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

a graph is constant

x = +0.5 at t = 1 sec

x =+1 at t = 2 sec

v = –1 at t = 0 sec

a = +1 at any time

B-2 20 Points
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Use  = r × F.  Direction by right-hand rule is –Z.

F is in –Y direction, use Eq. 35b to calculate  = r × F.

F = mg = 4.9 N.  z = –(10)(4.9) = –49  N m.

Then use dl/dt =  = -–49, so l starts at 0 (begin at rest)
and then goes in a straight line, ending at (–49)(10) = –490.

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

vx = 0.  vy = –9.8 t from Eq. 1.

Dir. of ang. mom. is –Z.

Looking For

 graph is constant

 is in –Z direction

l graph is line starting at 0

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

l = + or –490 at t = 10 s

B-3 24 Points

Page 8 = 6 points

The keys to this problem are F = q E, the Work – Kinetic Energy Theorem, the conservation of electro-mechanical energy and V = U/q.  The change of KE is area under Fx curve.
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Looking For

Fx curve is some constant times Ex curve

the constant is +e or –e.

the constant is negative.

Page 9 = 18 points
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Looking For

KE curve straight from 0 to 40 cm.

KE curve parabola from 40 to 80 cm.

KE curve constant from 80 to 100 cm.

KE rises 2 units from 0 to 40 cm

relative to 1 unit from 40 to 80 cm.

maximum KE is 6.4 x 10–17 J.

PE curve mirrors KE curve shape.

PE starts at 0 and ends at –KE.

V graph is a constant times PE graph.

V = PE/(–e) numerically.
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C-1 16 points

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 t2 = ½ t1 to slow down to zero speed.

Total time is 1.5 t1 seconds.

The maximum speed is at t1.  t2 = ½ t1.

The area of the triangle is ½ base × height.

½ (1.5 t1) (2 t1) = 1350

t1 = 30, 1.5 t1 = total time = 45 sec.

Looking For:

This one requires a lot of judgment because it can be done several correct ways.

breaking motion into two time intervals in some correct way

figuring out that time to slow down is twice time to speed up in some correct way

relating the distance covered to acceleration and time in some correct way

some correct algebra connecting everything into an equation for t1 or total time

correct answer

Subtract 1 if correct numerical answer but incorrect units.

C-2 8 points

This is a conservation of energy problem.

m g h = ½ m v2 → v = sqrt(2 g h) = sqrt(2*9.8*2.5) = 7.0 m/s.

Looking For:

No credit for getting the correct answer with incorrect physics by assuming the acceleration is constant (it isn't) and using equations 1-5.

using Conservation of Energy.

correct algebra.

correct answer = 7.0 m/s.

Subtract 1 if correct numerical answer but incorrect units.

C-3 12 points

At the bottom of the swing, Tarzan is accelerating up at ac = v2/r.

The tension of the vine, T, is up, weight W = m g is down.

T – m g = m v2/r→ T = m*(g+v2/r) = 90*(9.8+72/18) = 1127 N (1100 to 2 sig. digits).

Looking For:

using correct formula for centripetal acceleration.

for correct Newton's 2nd Law equation.  (Give partial credit for free-body diagram if present.)

correct algebra.

correct answer = 1127 or 1100 N.

Subtract 1 if correct numerical answer but incorrect units.

C-4 28 points

Electric Field Part:

Each charge has the same magnitude of E = (9 × 109)*(1 × 10–9)/(32) = 1 N/C.

The vectors point away from + charge and toward  charge.

Need to add X and Y components.

Number the charges going clockwise from the top

E1x = –1*cos(60°)

E1y = –1*sin(60°)

E2x = –1*cos(30°)

E2y = –1*sin(30°)

E3x = +1*cos(30°)

E3y = –1*sin(30°)

E4x = –1*cos(60°)

E4y = +1*sin(60°)

cos(60°) = sin(30°) = ½.

Ex = –1 N/C


Ey = –1 N/C

Electric Potential Part:

Use equation 50:

V = [9/3 + 9/3 + (–9)/3 + 9/3] = +6 volts.

Looking For:

treating E as a vector (some evidence of knowing it has components).

using a correct method to get magnitude or value of E (divide by r2).

eparately adding X and Y components of E.

Ex = Ey (plus or minus).

Ex in the negative direction.

Ey in the negative direction.

correct numerical value (plus or minus) of Ex or Ey = –1 N/C.

treating V as a scalar (not trying to get Vx or Vy).

using a correct method to get value of V (divide by r).

correct final answer V = +6 V.

Subtract 1 if correct numerical answer but incorrect units.
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