PHYsICS B REvIEW

Figure 30

3. A force is applied at an angle 6 below the horizontal to a mass 7 resting on a horizontal
surface where the coefficients of friction are g, and ;. The magnitude of F is slowly
increased until the mass just starts to move. At this point its acceleration is . Calculate
the following in terms of g, g, 6, m, and .

(@ Determine the value of F where movement just begins.

(b) Determine a.

Answers and Explanations ®

MuLtipLE CHOICE

1. The answer is D. The vertical component of Fis Fsinf. In the y-direction you then have
nerﬁ:v =0=N+ Fin — W= N=W— Fsinb.

2. Theansweris D. 7'= (3??‘3)52 = g4 = ‘3‘:; Eor the system you have: F = (5??2)62 = F= %T

3. The answer is C. Applying the second law, you have: netF = 8 — = 4(1) = f= 4 N.
When Fis doubled, the friction force doesn’t change, so you have

_ - _ _ ,m
netFl =16 — f=12 = 44 a-—~3$2.

N

4. The answer is D. At P the center is in the —x direction and 2., =

— S1i g
fP _].6 Sg.

5. The answer is D. The tension force is the same for each team as a result of the third law,
so only by pushing harder parallel to the ground can a team win. Strength and mass need
not be a factor; imagine a football team on in-line skares.

6. The answer is D. Choose the center of the plank to calculate torques, because here the

weight of the plank exerts no torque. Then 0 = nerr = 40% —60x = x = J—é'

L

' f; - 0—;—6 = —3 I Applying the second

|

7. The answer is B. Find the acceleration: # = -
law, you have netFF = ma = 3(—3) = —9 N.

=

Newton's Laws
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8. The answer is D. The component of weight down the incline is mgsinf = 120(0.3
N. For equilibrium, the static friction must just supply this value.

9. The answer is D. At the lowest point you have netF = T — mg = m’%
T =45 +40 = 112N

10. The answer is E. For the system as a whole, you have from the second law

netF = myg = (m; + my)a a = (T,nfigm—g) The answer follows from

inspecting the formula.

FREE RESPONSE

1. Apply the solution steps to each object (figure 31).
T &

200N
Figure 31 S0
8 kg 20 kg
Step 1. See figure 31. Step 1. See figure 31.
Step 2. netF,, = N — 80cos37 Step 2. merF=220—T
netF, = T — 80sin37 — 0.4N
Step3. N —64 =0 = N =064 Step 3. 200 — 7= 204

7 — 48 — 0.4(64) = 8«

Note that the friction force is 25.6 N, the answer to part a.

Step 4. Add the equations: —48 — 25.6 + 200 = 284 = & = 4.5 m/s™.
Substitute to find 7: 200 — 7'=10(4.5) = T = 110N.
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(@ See figure 32.
T cost

mg
Figure 32

(b) Only the tension has a component toward the center, so

2
netF, = m% netF, = Tcos® — mg = 0
2
Isinf = m.{s?;nﬂ Tcosf = mg

Dividing the two equations eliminates 7, and you have » = V/ granB(Lsinb)

(@) Apply the basic steps to the object, remembering that when the object is just about
to slide, the static friction force is at its maximum value.

Step 1. See figure 33.

Figure 33

Step 2. netF, = Fcos® — u N netF,, = N — mg — Fsinf

Step 3. N — mg — Fsinf = 0
Fcos — uN =0

Step 4. N = mg + Fsinf

. FH
Feost) — pu(mg + Fsinf) =0 = F = 5@%
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(b) As acceleration begins, this is the value of £, and now it is kinetic friction acting. =
analysis in steps 1, 2, and 3 is the same except for the friction name change arz =

fact that there is a nonzero horizontal acceleration. You can then move o St=p
o write

N = mg + Fsinf ; F
Feos® — py(mg + Fsinb) = ma = 4 = =, costl — M(g - ;‘ﬁfsinﬁ)
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