Name: Assignment Due Date: December 20, 2011

AP Physics: Newton's Laws 3

Multiple Choice
| dentify the choice that best completes the statement or answers the question.

1. A 50-kg block rests on a horizontal surfades coefficient of static frictiops = 0.50. The coefficient of
kinetic friction 4 = 0.35. A forceP of 250N is applied as shown.
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a. The block remains at rest d. The block does noenuoil P is
increased to greater than 490N.
b. The block moves and continues to move. No conclusions can be drawn conceming
at constant velocity. the movement of the block from the
information given.
c. The block accelerates to the right.
2. A 5.0-kg stone is pushed out onto a lewdkbntal surface with a speed of 2.0 m/s. If itnes to rest after
moving a distance of 20 m, the average frictionaté acting on the block must have been

a. 10N d. 05N
b. 10N e. 50N
c. 15N

3. Atired worker pushes a heavy (100-kg)dtzdeéis resting on a thick pile carpet. The caédfits of static
and kinetic friction are 0.6 and 0.4, respectiv@lge worker pushes with a force of 500 N. The iical
forceexerted by the surface is

a. 1000 N d. 400N
b. 600N e. 100N
c. 500N

4. A block of mass m is at rest on an inclipkehe that makes an angle of 30° with the horealp@ats shown in
the figure. Which of the following statements abth# force of static friction is true?
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a. fs>mg d. fs=mgsin 30°
b. fs> mgcos 30° e. None of these statements is true.
c. fs=mgcos 30°
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5. A block of mass is pulled in the direction shown in the figure@ss a rough surface at a constant velocity.
The magnitude of the frictional force is
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a. uimg d. TsinB
b. (TcosB e. udmg- T sinB)

C. M(T-mg)

Problem

6. A 3-kg box resting on a horizontal shelf isaakted to a 2-kg box by a light string as in thefggbelow.
(&What is the minimum coefficient of static frictisuch that the objects remain at re®jAf the coefficient
of static friction is less than that found in p&}, and the coefficient of kinetic friction between thex and
the shelf is 0.3, find the time for the 2-kg maséatl 2 m to the floor if the system starts froest.
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7. Inthe figure belowy, = 4 kg. The coefficient of static friction betwetre block and the incline is 0.4)
Find the range of possible values foyfor which the system will be in static equilibriugh) What is the
frictional force on the 4-kg block if, = 1 kg?
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8. Referring to the figure below, tinme = 4 kg,m, = 5 kg, and the coefficient of kinetic friction eten the
inclined plane and the 4-kg blockdgs = 0.24. Find the acceleration of the masses amtktision in the cord.
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9. Lou bets an innocent stranger that he can lat&g block against the side of a cart, as irfithee below,
and that the block will not fall to the ground, ewbough Lou will use no hooks, ropes, fasteneegynats,
glue, or adhesives of any kind. When the strangeeats the bet, Lou begins to push the cart imiteztion
shown. The coefficient of static friction betwede block and the cart is 0.@) Find the minimum
acceleration for which Lou will win the b&b) What is the magnitude of the frictional force imstbase?c)
Find the force of friction on the blockafis twice the minimum needed for the block not th @) Show
that, for a block of any mass, the block will nall if the acceleration ia >g/us whereis is the coefficient

of static friction.
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10. A 2-kg block sits on a 4-kg block that is ofrietionless table (see figure below). The coeaéints of friction
between the blocks ayg = 0.3 andw = 0.2.(a) What is the maximum forde that can be applied to the 4-kg
block if the 2-kg block is not to slid€B) If F is half this value, find the acceleration of eatittk and the
force of friction acting on each blocfc) If F is twice the value found ia), find the acceleration of each

block.
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11. In the figure below, the masss = 10 kg slides on a frictionless shelf. The coédfts of static and kinetic
friction betweenm, andm, = 5 kg areus= 0.6andu = 0.4(a)What is the maximum accelerationrof? (b)
What is the maximum value af if m; moves withm, without slipping? (c) lims = 30 kg, find the
acceleration of each body and the tension in tiegst
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A 300-kg
box rests on a platform attached to a forkliftshewn above. Starting from rest at tifhe 0, the box is
lowered with a downward acceleration of 1.53n/s

12. Determine the upward force exerted by thezbatal platform on the box as it is lowered.

13. Attimet = 0, the forklift also begins to move forward wih acceleration of 2 n¥ahile lowering the box
as described above. The box does not slip or &p.ov

Determine the frictional force on the box.
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14. Given that the box does not slip, determimentimimum possible coefficient of friction betwettse box and
the platform.

15. Determine an equation for the path of the thax expressegas a function ok (and not ott), assuming that,
at timeT = 0, the box has a horizontal positiwr0 and a vertical position= 2 m above the ground, with
zero velocity.

16. On the axes below, sketch the path taken by the box.
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REF:
REF:
REF:
REF:
REF:

AP Physics: Newton's Laws 3
Answer Section

Tipler 4th ed Mult Choice Questi®ank p.75 #2
Tipler 4th ed Mult Choice QuestiBank p.76 #4
Tipler 4th ed Mult Choice Questi®ank p.76 #6
Tipler 4th ed Mult Choice QuestBank p.76 #7
Tipler 4th ed Mult Choice Questi®ank p.78 #15

6.

7.

ANS:

1. Draw a free-body diagram for each object. In the
absence of friction, m, will move to the right, m,
will move down. The friction force is indicated by
f without subscript; it is f, for (a), f; for (b).

2. Solve fora
3. Findaform,=3kg, my=2kg, u,=0.3
4. Use s = Yaat*; solve for and find ¢

REF: Tiplerdthed.p.140#18
ANS:

{a) 1. Use the result of Problem 5-20; set a = ().
Note that f, may point up or down the plane.
2. Solve for m, with m, =4 kg, u, =0.4

(b) 1. Apply ZF =ma; seta=0
2. Solve for and find f,

REF: Tiplerdthed.p.140#21
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Fao=iME=U,d —J=VU, Mg - I =U,j=j,=1 =g
Fa=mg
mo=umao - =mlim =727/% =0 (AT
ME=0ME =Ry = L2 =000

Fo=mg.T-fi=ma,mg - T=ma; f=umg
a=(my - pum,)gl(m, + m,)

a=2.16m/s

t=(2s/a)*=(2x22.16)*s=136s

0 =m, - my(sin 8+ pcos 6)

m,=3.39 kg, 0.614 kg.

My s = 3.39 kg, my 0 = 0.614 kg

myg + f, - mgsin =0
f,=[(4.0%05-1.0)x98]]N=9RIN



8. ANS:
1. Use the result of Problem 5-20; substitute numerical values. a=2.36 m/s’
2. Use T = m,g - m,a and Problem 5-20 to obtain an A A
: g " il i, AL+ 5 U+ COS U
expression for T and substitute numerical values. T = e :T=31.2N
REF: Tiplerdthed.p.140#22
9. ANS:
(a) 1. The normal force acting on the block is the
force exerted by the cart.
2. Apply ZF = ma F,=F=ma
(®) £, =L Somax = Hyma = mg; a, = gly, = 16.4 m/s?
(c) f,is again mg fi=mg=19.6 N
(d) Since gly, is Gy, block will not fall if a > glu,  f,=19.6 N

REF: Tiplerdthed.p.140#28
10. ANS:

(a) 1. Draw the free-body diagram

2. Apply ZF = ma
3. Use f, ... = u,F,, and solve fora,,, and F,,
4. Evaluate a,,, and F_,,
(&) 1. The blocks move as a unit. The force on m, is
ma=f,
(c) 1.If F=2F,, then m, slips on m,.
2. Apply ZF = ma
3. Solve for and evaluate a, and a, for
F=354N

REF: Tiplerdthed.p.141#37

Siman = M8 Froy =8, Froy = e = Myl
Oy = 18y Foe = (my+my)gu,;

Qe = 2.94 M/$%, Fo = 177N

a = Fl(m, + my), a = 28%wis® | 1} *7y"
£,=(295x2)N=59N

[=fi=mmg

ma, = fi = pmg; mya, = F - pmg

ay = g, a; = (F - pogm)im,,

a, = 1.96 m/s’, @, = 7.87 m/s?



11. ANS:
The free-body diagrams for m, and m, are identical to fF | ™
those of the previous problem. Now the force F arises md Tﬁ“
from the tension T in the string supporting m,, as shown. ¢ F‘Tn 1'1
m, |
gy o
FEn
d
(@) See Problem 5-37 A = B2 Gy = 5.89 m/s?
(b) 1. Apply EF = ma T=(m,+ mya,,;mg - T=mya,,
2. Solve for and evaluate m, my = g (my + mi(1 - p,); my=22.5kg
(c) 1. For my = 30 kg, m, will slide on m,. Follow mya, = fi = pgng; mpay =T - pm,g; (1
the procedure of Problem 5-37(c). Note that mya, =myg - T=mya, (2)
tI, = ﬂj
2. Add the equations involving T to find a, a, = (my = myp)gl(my + my); a, = a, = 6.87 m/s’*
3. Evaluate a, and T using equation (1) a,=(04x981)m/s’=3.92m/s’; T=883 N

REF: Tipler4dthed.p.142#38
12. ANS:

3 points

For indicating, via an equation or a free-body diagram, that the net force
is the sum of gravity and the normal force exerted by the platform 1 point
Using Newton’s second law:
mg — N = ma,
Solving for the force exerted by the platform:

N=m(g-a,)

For correctly substituting both accelerations 1 point
N = (300 kg)(lo m/s* - 1.5 m/s’)

For the correct answer 1 point

N =2550 N (or 2490 N if using 9.8 m/s”)

REF: AP Physics Final 1996 Free Resp (Mech) #2a



13. ANS:

2 points
For indicating that the frictional force is the only horizontal force exerted 1 point
f=ma,

s — {200 va M

f={300kg)2 m/s’ J
For the correct answer 1 point
f = 600N

REF: AP Physics Final 1996 Free Resp (Mech) #2b
14. ANS:

3 points

Expressing the frictional force in terms of the normal force:

f=pN
n=fIN

For correctly substituting the frictional force from part (b) 1 point
For correctly substituting the normal force from part (a) 1 point
i = (600 N) /(2550 N)

For the correct answer, with no units 1 point
p=0.24

REF: AP Physics Final 1996 Free Resp (Mech) #2c



15. ANS:
4 points

For writing the equation for the vertical motion, and indicating
that a, = —1.5 m/s*

1
Y=Y, +§(—1.5)Iz
For indicating that y, = 2
For writing the equation for the horizontal motion, and indicating
thata, =2 m/s’

i 2
=Ly
r=10)

The relationship between x and y can be obtained by combining the
equations for the horizontal and vertical motions, eliminating r".

ar a correct annation relatine v and v
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y = 2 = 0.75x

=
®

Note: Alternate methods
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receive full credit.

REF: AP Physics Final 1996 Free Resp (Mech) #2d
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equation from pan (d).

16. ANS:

3 points
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For a straight line with a negative slope, extending at least to x

For a y-intercept at 2 m

For an x-intercept at 2% m of a slope of —%‘-

Note: Credit was only awarded for showing the items above on the graph.

Students were expected to show an understanding of the physics of the
situation, and thus were pot awarded full credit for graphing an incomrect

REF: AP Physics Final 1996 Free Resp (Mech) #2e



