
Updated for 2007!!!
1. Convert all of the following into proper mks units:

(a) 2500 feet
hr

OK, we have two problems with the above expression, feet should be
meters and hr should be seconds. We know that 1 foot = 12 inches,
1 inch = 2.45 cm, and 1 m = 100 cm. So:

2500
feet
hr

�
12inches

1foot
�

2:54cm
1in

�
1m

100cm
�

1hr
60min

�
1min
60sec

(1)

2500� 12� 2:54
100� 60� 60

m
s

(2)

0:212
m
s

(3)

(b) 3 miles

3miles �
5280feet

1mile
�

12inches
1foot

�
2:54cm

1in
�

1m
100cm

(4)

3 � 5280� 12� 2:54
100

meters (5)

4828meters (6)

(c) 2 years

2years �
365days
1year

�
24hours

1day
�

60minutes
1hr

�
60sec
1min

(7)

2 � 365� 24� 60� 60
1

sec (8)

6:31� 107sec (9)

(d) 12000cm3

12000cm3 �
1m

100cm
�

1m
100cm

�
1m

100cm
(10)

12000
100� 100� 100

m3 (11)

0:012m3 (12)

(e) 45 gram � cm
minute 2
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45
gram � cm

minute 2 �
1kg

1000grams
�

1m
100cm

�
1min
60sec

�
1min
60sec

(13)

45
1000� 100� 60� 60

kg � m
s2 (14)

1:25� 10� 7 kg � m
s2 (15)

1:25� 10� 7N (16)
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2. You are driving along the road at 30 m
s , when you notice a deer in the road

40 m in front of you. You immediately slam on the brakes and experience
an acceleration of -10m

s2 .

(a) Where would you come to a stop if the deer were not in your way?
ANSWER: Where is a question about position and is paraphrased
as x=?. This is an ill-formed question. We must ask for x undera
special condition (where youSTOP ). Thus, the well-formed question
is:
x(v=0)=?
To solve this, we call upon the x-v equation:

v2 = v2
0 + 2 a(x � x0) (17)

02 = 302 + 2( � 10)(x � 0) (18)

0 = 900 � 20x (19)

x =
900
20

= 45meters (20)

You would hit the deer.

(b) How fast are you going when you reach the deer's position?
ANSWER: The question how fast is answered by specifying a value
for v. However, v=?, is an ill-formed question. We must instead ask:
v(x=40)=?
This is again solved using the x-v equation:

v2 = v2
0 + 2 a(x � x0) (21)

v2 = 302 + 2( � 10)(40� 0) (22)

v2 = 900 � 800 (23)

v2 = 100 (24)

v = 10
m
s

(25)

(c) How long does it take you to get there?
ANSWER: How long is a question about t (t=?). The well-formed
variant of the question is:
t(x=40)=?
This is solved using the x-t relation:

x = x0 + v0t +
1
2

at2 (26)

40 = 0 + 30t +
1
2

(� 10)t2 (27)
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40 = 30t � 5t2 (28)

5t2 � 30t + 40 = 0 (29)

t =
� b�

p
b2 � 4ac

2a
(30)

t =
30�

p
302 � 4 � 5 � 40

2 � 5
(31)

t =
30�

p
900� 800
10

(32)

t =
30�

p
100

10
(33)

t =
30� 10

10
(34)

t = 3 � 1 (35)

Since we clearly need the earliest time as the time you hit thedeer,
we get:

t = 2 sec (36)

Luckily this is one smart deer. The deer runs to the side and needs to
move a minimum of 1.2 meters to avoid being hit. What acceleration of
the deer is necessary to just avoid the collision with your car?

ANSWER: The deer must achieve the position of 1.2 meters when the
car arrives (t = 2 sec). This \de�nition of success is written as:

xdeer (t = 2) = 1 :2meters

This is solved using the x-t relation (while being very careful with nota-
tion!):

xdeer = x0deer + v0deer t +
1
2

adeer t2 (37)

1:2 = 0 + 0 +
1
2

adeer 22 (38)

1:2 = 2 � adeer (39)

adeer = 0 :6
m
s2 (40)
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3. Two trains are on the same track. Train A is in the back and ismoving
with a constant velocity, v0A = 12 m

s . Train B is ahead of train A by 50 m
and is moving with a velocity of v0B = 10 m

s . Just at this moment Train
B spots the trouble and begins to accelerate.

(a) What is the minimum acceleration necessary to just barely avoid the
collision (i.e. the trains just touch without crashing).
ANSWER: This problem is solved by use ofvery explicit notation
when writing any equation. This is because we have two trainsand
must keep them straight. The condition for the two trains colliding
is:

xA (t = tc) = xB (t = tc) (41)

This is not enough to say that they \just barely" miss. To ensure
this second part we must imagine what it looks like to \just barely
miss". Just before the trains touch, the rear train is moving faster (in
order to catch up). Just after they touch, the front train is m oving
faster (in order to pull away safely). In this case we can see that at
the moment they touch they should have the same speed:

vA (t = tc) = vB (t = tc) (42)

Thesetwo thoughts will lead to two equations which have a total of
two unknowns. We will have to solve these equations simultaneously.
First, let's plug numbers into the position condition:

xA (t = tc) = xB (t = tc) (43)

x0A + v0A tc +
1
2

aA t2
c = x0B + v0B tc +

1
2

aB t2
c (44)

0 + 12tc + 0 = 50 + 10 tc +
1
2

aB t2
c (45)

0 = 50 � 2tc +
1
2

aB t2
c (46)

Now, let's plug numbers into the second (velocity) condition:

vA (t = tc) = vB (t = tc) (47)

v0A + aA tc = v0B + aB tc (48)

12 + 0 = 10 + aB tc (49)

aB tc = 2 (50)
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This looks hard to solve, but there is indeed an easy way. Notice
that we can re-arrange:

1
2

aB t2
c =

1
2

tc � aB tc (51)

1
2

aB t2
c =

1
2

tc � 2 (52)

1
2

aB t2
c = 1 :0 � tc (53)

Substituting into the previous result we �nd:

0 = 50 � 2tc +
1
2

aB t2
c (54)

0 = 50 � 2tc + tc (55)

0 = 50 � tc (56)

tc = 50sec (57)

OK, now we can put this result into any equation we like:

aB tc = 2 (58)

ab � 50 = 2 (59)

ab = 0 :04
m
s2 (60)

(b) What is the velocity of each train when they touch?
ANSWER: To get the velocity, we need v=?. The special condition
that we know from the previous step is on the time:
v(t = tc) =?
To solve this we use the v-t equation (for either train):

vB (t = tc) = vA (t = tc) = v0A + aA tc (61)

vA = v0A (62)

vA = 12
m
s

(63)

(c) Where are they located when they touch?
ANSWER: OK, this one is not as trivial as the previous one. Again
since they have the same position while touching we can use the
equation for either train:
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xA (t = tc) =? (64)

xA = x0A + v0A tc +
1
2

aA t2
c (65)

xA = 0 + 12 � 50 + 0 (66)

xA = 600meters (67)

(d) When do they touch?
ANSWER: We already solved this accidentally in the �rst part:

tc = 50sec (68)
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4. You are a reckless teen racing a train in your car as shown inthe �gure
below. Initially, you and the train both have a velocity of 20 m/s, but
the train is ahead of you by 150 meters. The train moves with constant
velocity and you accelerate in an attempt to reach the �nish line before
train does.

Train

Car

2000 m

150 m

NOTE:  Drawing is not to scale!

Finish
Line

(a) (6 pts) How long does it take the train to reach the �nish line?
ANSWER:

t(x train = 2000) =? (69)

x train = x0train + v0train t (70)

2000 = 150 + 20t (71)

t =
2000� 150

20
(72)

t =
1850
20

(73)

t = 92:5sec (74)

(b) (7 pts) What acceleration is necessary for you to reach the beginning
of the intersection at the same time as the train?
ANSWER:

xcar (t = 92:5) = 2000 (75)

xcar = x0car + v0car t +
1
2

acar t2 (76)

2000 = 0 + 20 � 92:5 +
1
2

acar 92:52 (77)

2000 = 1850 + 4278acar (78)

acar =
150
4278

= 0 :0351
m
s2 (79)

(c) (7 pts) How fast are you going when you reach the intersection?
ANSWER:

vcar (xcar = 2000) =? (80)

v2
car = v2

0car + 2 acar (xcar � x0car ) (81)

v2
car = 202 + 2(0 :0351)(2000� 0) (82)
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v2
car = 540:4 (83)

vcar = 23:25
m
s

(84)

(85)
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5. Bo and Luke Duke are driving in the \General Lee" (a famous sports
car), and Cooter is driving the pickup truck as shown in the �gure below.
Both vehicles are moving with initial velocities of 15 m

s . When the light
changes to yellow, both vehicles are 30 meters from the entrance of the
intersection. Bo hits the gas and experiences an acceleration of +7 m

s2 .
Cooter hits the brakes and has an acceleration of� 3:2 m

s2 .

30 m 10 m

(a) (7 pts) The light will stay yellow for 2 seconds. Where is the General
Lee when the light changes to red?

xG (t = 2) =? (86)

xG = x0G + v0G t +
1
2

aG t2 (87)

xG = 0 + 15(2) +
1
2

7(22) (88)

xG = 30 + 14 (89)

xG = 44m (90)

(b) (7 pts) Where does Cooter come to a stop?

xC (vC = 0) =? (91)

v2
C = v2

0C + 2 aC (xC � x0C ) (92)

02 = 152 + 2( � 3:2)(xC � 0) (93)

xC =
152

2(3:2)
= 35:15m (94)

(c) (6 pts) What is the speed of the General Lee as it leaves the intersec-
tion (x=40 m).
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vG (xG = 40) =? (95)

v2
G = v2

0G + 2 aG (xG � x0G ) (96)

v2
G = 152 + 2(7)(40) (97)

v2
G = 225 + 560 (98)

vG = 28:0
m
s

(99)

NOTE: Please use x=0 as the starting position of the two cars.

11



6. Vector A has a magnitude of 12 m
s and is pointed East. Vector B has a

magnitude of 20 m
s and is pointed 30 degrees North of West.

ANSWER: OK, as a �rst step, let's draw the diagram containing these
vectors:

30

20
12

(a) Find the magnitude and direction of ~A + ~B .
ANSWER: To perform the calculations we mus convert both the
vector ~A and the vector ~B into component notation. That is accom-
plished by looking at the diagram. For the vector ~A:

~A = (12 î + 0 ĵ )m=s (100)

For the vector ~B , we must take great care with the valuesand the
signs:

~B = ( � 20 cos 30̂i + 20 sin 30̂j )m=s (101)
~B = ( � 17:32̂i + 10ĵ )m=s (102)

Now adding them is quite easy and yields the result (in component
format):

~A + ~B = (12 � 17:32̂i + 10ĵ )m=s (103)
~A + ~B = ( � 5:32̂i + 10ĵ )m=s (104)

OK great...except that the question asks for magnitude and direc-
tion...sigh. Here is the calculation to �nd the magnitude:
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�
�
� ~A + ~B

�
�
� =

p
5:322 + 102m=s (105)

�
�
� ~A + ~B

�
�
� =

p
28:30 + 100m=s (106)

�
�
� ~A + ~B

�
�
� =

p
128:30m=s (107)

�
�
� ~A + ~B

�
�
� = 11:33m=s (108)

OK, now for the direction we need to beCAREFUL ! The result of
~A + ~B has a negative x component and a positive y component. This
means that the result is in the second quadrant. This means that the
calculator will give us the wrong answer. We will need to takethe
calculator answer and add 180 degrees to get the truly correct result.

tan � ~A + ~B =
( ~A + ~B )y

( ~A + ~B )x
(109)

tan � ~A + ~B =
10

� 5:32
(110)

tan � ~A + ~B = � 1:880 (111)

� ~A + ~B = tan � 1 � 1:880 (112)

� ~A + ~B (calculator ) = � 62o (113)

� ~A + ~B (correct) = � ~A + ~B (calculator ) + 180o (114)

� ~A + ~B (correct) = � 62o + 180o (115)

� ~A + ~B (correct) = 118o (116)

(b) Find the magnitude and direction of ~A � ~B .
ANSWER: This part will be signi�cantly easier now that we have
already written down the results for vectors ~A and ~B :

~A = (12 î + 0 ĵ )m=s (117)
~B = ( � 17:32̂i + 10ĵ )m=s (118)

To subtract them, we simply subtract the components:

~A � ~B = ((12 � (� 17:32))̂i + (0 � 10)̂j )m=s (119)
~A � ~B = (29 :32̂i � 10̂j )m=s (120)

OK, now we �nd the magnitude of the result:
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�
�
� ~A � ~B

�
�
� =

p
29:322 + 102m=s (121)

�
�
� ~A � ~B

�
�
� =

p
859:66 + 100m=s (122)

�
�
� ~A � ~B

�
�
� =

p
959:66m=s (123)

�
�
� ~A � ~B

�
�
� = 30:98m=s (124)

And then �nally we �nd the direction. In this case, however, l ife
is a bit easier. The result of ~A � ~B has a positive x component
and negative y component. This means the result is in the fourth
quadrant and our calculator will give the correct answer without
help:

tan � ~A � ~B =
( ~A � ~B )y

( ~A � ~B )x
(125)

tan � ~A � ~B =
� 10
29:32

(126)

tan � ~A � ~B = � 0:341 (127)

� ~A � ~B = tan � 1 � 0:341 (128)

� ~A � ~B = � 18:83o (129)

HINT: Does your calculator always give you the right result for inverse
tangent?
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7. One �ne morning you decide to take a walk. First, you walk 2 km in a
direction 30o North of East (call this motion vector ~A). After this, you
continue your walk by moving a distance of 3 km in a direction of 10o

South of West (call this motion vector ~B ). Then you get a text message
on your cell phone requesting that you return home ASAP!! Throughout
this problem please use East as the \x" coordinate and North as the \y"
coordinate.

(a) (6 pts) Express the ~A and ~B displacement vectors in component form.
ANSWER:

~A = (2 cos 30̂i + 2 sin 30ĵ ) km (130)
~A = (1 :732̂i + 1 :0ĵ ) km (131)

~B = ( � 3 cos 10̂i � 3 sin 10̂j ) km (132)
~B = ( � 2:9544̂i � 0:5209̂j ) km (133)

(b) (7 pts) How far away from home are you when your cell phone rings
(Please calculate themagnitude of the resulting vector, not just the
components)?
ANSWER:

~A + ~B = ((1 :732� 2:954)̂i + (1 :0 � 0:5209)̂j ) km (134)
~A + ~B = ( � 1:2223̂i + 0 :4791̂j ) km (135)

�
�
� ~A + ~B

�
�
� =

p
(� 1:2223)2 + (0 :4791)2 km (136)

�
�
� ~A + ~B

�
�
� =

p
1:7235km (137)

�
�
� ~A + ~B

�
�
� = 1 :313 km (138)

(c) (7 pts) What is the direction from \home" to \you" when the phone
rings.
ANSWER:

tan � ~A + ~B =
( ~A + ~B )y

( ~A + ~B )x
(139)

tan � ~A + ~B =
0:4791

� 1:2223
(140)

tan � ~A + ~B = � 0:3919 (141)

� ~A + ~B (calculator ) = � 21:40o (142)

� ~A + ~B (real) = � ~A + ~B (calculator ) + 180o (143)

� ~A + ~B (real) = � 21:40o + 180o (144)

� ~A + ~B (real) = 158:6o (145)

NOTE: Please express your direction answers with respect tothe x axis
(as a mathematician would).
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8. You launch a projectile at an angle of 30o above the horizontal from the
top of a 10 m tall building. The initial velocity, v0, of the projectile is
14 m

s . Answer all of the following:

(a) What is the maximum height achieved by the projectile?
ANSWER: Height is given by the variable y, but y=? is an ill-
formed question. The special condition for maximum height is that
vy = 0 (since vy is positive on the way up andvy is negative on the
way down, vy =0 at the very top. Then we have:

y(vy = 0) =? (146)

v2
y = v2

0y � 2g(y � y0) (147)

0 = (14 sin 30)2 � 19:6(y � 10) (148)

0 = 49 � 19:6(y � 10) (149)

y � 10 =
49

19:6
= 2 :5 (150)

y = 12:5meters (151)

(b) At what time does it reach the maximum height?
ANSWER: Again, the maximum height is given by vy = 0. So our
question becomes:

t(vy = 0) =? (152)

vy = v0y � gt (153)

0 = (14 sin 30) � 9:8t (154)

0 = 7 � 9:8t (155)

t =
7

9:8
= 0 :714sec (156)

(c) When does the projectile hit the ground?
ANSWER: Hit the ground is given by the condition y=0. Thus,
this problem is solved by:

t(y = 0) =? (157)

y = y0 + v0y t �
1
2

gt2 (158)

0 = 10 + 14 sin 30t � 4:9t2 (159)

0 = 10 + 7 t � 4:9t2 (160)

4:9t2 � 7t � 10 = 0 (161)

t =
� b�

p
b2 � 4ac

2a
(162)
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t =
7 �

p
72 � 4 � 4:9 � (� 10)

2 � 4:9
(163)

t =
7 �

p
49 + 196
9:8

(164)

t =
7 �

p
245

9:8
(165)

t =
7 � 15:65

9:8
(166)

t =
7

9:8
�

15:65
9:8

(167)

t = 0 :714� 1:597 (168)

t = 0 :714� 1:597 (169)

t = 2 :311sec (170)

(d) Where does the projectile hit the ground?
ANSWER: All projectiles hit the ground at y=0. The question
here is the x value. Since we know the time the projectile hitsthe
ground, we use it:

x(t = 2 :311) =? (171)

x = x0 + x0x t (172)

x = 0 + 14 cos302:311 (173)

x = 28:0meters (174)

(e) What is the vertical component of the velocity, vy when the projectile
is 5 meters above the ground?
ANSWER: This is pretty straightforward by the request vy (y =
5) =?. The tricky part will be the square root. Since the parti cle
will be going down at the time in question, we will need to use the
minus sign when we take the square root.

vy (y = 5) =? (175)

v2
y = v2

0y � 2g(y � y0) (176)

v2
y = (14 sin 30)2 � 2g(5 � 10) (177)

v2
y = 7 2 � 19:6(� 5) (178)

v2
y = 49 + 19 :6(5) (179)

v2
y = 49 + 98 (180)

v2
y = 147 (181)

vy = � 12:12
m
s

(182)
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(f) What is the vertical component of the velocity 2 seconds after the
projectile is launched?
ANSWER: This is vy at t=2 sec:

vy (t = 2) =? (183)

vy = v0y � gt (184)

vy = 14 sin 30 � 9:8 � 2 (185)

vy = 7 � 19:6 (186)

vy = � 12:6
m
s

(187)

(g) What is the magnitude of the velocity of the projectile when it is at
a height of 2 m o� the ground?
ANSWER: MAGNITUDE!!!! MAGNITUDE!!!! MAGNI-
TUDE!!!! When you hear this word, you should think of a vector.
The vector will have an x component and a y component. You will
need to square these...add them...then square root. So, ourreal ques-
tion here is the following:
We can answer this by �nding both vy and vx at the moment in
question. First we'll do vx since that one isquite easy (vx does not
change!!!):

vx = v0x (188)

vx = 14 cos 30 (189)

vx = 12:12
m
s

(190)

The calculation for vy is a bit more interesting:

vy (y = 2) =? (191)

v2
y = v2

0y � 2g(y � y0) (192)

v2
y = (14 sin 30)2 � 19:6(2 � 10) (193)

v2
y = 7 2 � 19:6(� 8) (194)

v2
y = 49 + 156:8 (195)

v2
y = 205:8 (196)

vy = � 14:35
m
s

(197)

OK, now we simply use the Pythagorean theorem:
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j~v(y = 2) j =
q

(vx (y = 2) 2 + vy (y = 2) 2 (198)

j~v(y = 2) j =
p

(12:122 + 14:352 (199)

j~v(y = 2) j =
p

(146:89 + 205:8 (200)

j~v(y = 2) j =
p

352:69 (201)

j~v(y = 2) j = 18:78
m
s

(202)

(h) What is the direction at which the projectile is travelin g at the mo-
ment mentioned ion the previous step?
ANSWER: DIRECTION!!!! DIRECTION!!!! DIRECTION!!!!
When you hear the word direction, you should think of a vector that
has two components and taking the inverse tangent of the ratio. In
our case this will be:

tan � ~v =
vy

vx
(203)

tan � ~v =
� 14:35
12:12

(204)

tan � ~v = � 1:184 (205)

� ~v = tan � 1 � 1:184 (206)

� ~v = � 49:82o (207)

Please note that since our answer is in the fourth quadrant, the cal-
culator works correctly and needs no help from us.
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9. Shrek rode on the shoulders of a giant cookie to get past a tall wall and win
his love. You've eaten too many cookies to get this kind of cooperation
and so you build a catapult to launch yourself over the wall asshown
in the �gure below (good thing that you're an ogre and can survive the
landing!).

60

40 m

15 m
25 m/s

o

(a) (5 pts) What is the maximum height you reach?
ANSWER:

y(vy = 0) =? (208)

v2
y = v2

0y � 2g(y � y0) (209)

0 = (25 sin 60)2 � 19:6(y � 0) (210)

0 = 468:75� 19:6y (211)

y =
468:75
19:6

(212)

y = 23:92m (213)

(b) (5 pts) When do you pass over the wall?
ANSWER:

t(x = 40) =? (214)

x = x0 + v0x t (215)

40 = 0 + 25 cos 60t (216)

40 = 0 + 12:5t (217)

t =
40

12:5
= 3 :2sec (218)
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(c) (5 pts) What is your height as you pass over the wall (assuming you
pass over)?
ANSWER:

y(t = 3 :2) =? (219)

y = y0 + v0y t �
1
2

gt2 (220)

y = 0 + 25 sin 60 � 3:2 � 4:9(3:2)2 (221)

y = 0 + 69 :28� 50:176 (222)

y = 19:1m (223)

(d) (5 pts) What is the magnitude of your velocity as you sail over the
wall?
ANSWER:

j~v(t = 3 :2)j =
q

v2
x (t = 3 :2) + v2

y (t = 3 :2) (224)

vx (t = 3 :2) =? (225)

vx = v0x = 25 cos 60 = 12:5
m
s

(226)

vy (t = 3 :2) =? (227)

vy = v0y � gt (228)

vy = 25 sin 60 � 9:8(3:2) (229)

vy = 21:65� 31:36 (230)

vy = � 9:71
m
s

j~vj =
p

12:52 + 9 :712 (231)

j~vj =
p

250:53 = 15:83
m
s

(232)
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10. You are the quarterback for an NFL team. There is time for only one
more play and you need a touchdown. You throw the ball from an initial
height of 2 meters at an angle of 30 degrees. Your target is your receiver's
arms, 30 meters away and 1.1 meters above the ground. The fansare all
hoping that you succeed.

2 m

30 m

30

v
0

1.1 m

(a) (10 pts) What is the initial velocity, v0, of your throw?

DEF INIT ION OF SUCCESS : (233)

x(y = 1 :1) = 30 (234)

x(t = tc) = 30 (235)

y(t = tc) = 1 :1 (236)

30 = v0 cos 30tc (237)

1:1 = 2:0 + v0 sin 30tc � 4:9t2
c (238)

v0 =
30

cos 30tc
(239)

1:1 = 2:0 +
30 sin 30tc

cos 30tc
� 4:9t2

c (240)

1:1 = 2:0 + 30 tan 30 � 4:9t2
c (241)

4:9t2
c = 2 :0 + 30 tan 30 � 1:1 (242)

4:9t2
c = 18:22 (243)

tc = 1 :928 s (244)

v0 =
30

cos 30tc
=

30
cos 30(1:928)

= 17:96
m
s

(245)

(b) (10 pts) When is the ball caught (time of the catch)?

tc = 1 :928 s (246)

(247)
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11. Shown in the Figure below is a system of blocks connected by strings.
The central block slides on a tablewith friction . The coe�cient of kinetic
friction is indicated in the �gure.

2
2 kg

1 kg6 kg

mk= 0.3

T1 T

Find all the following:

(a) (2 pts) The normal force on the central block.

N � 2g = 0 (248)

N = 2 g = 19:6 N (249)

(b) (6 pts) The acceleration of the system.

6g � T1 = 6 a (250)

T2 � 1g = 1 a (251)

T1 � T2 � � k N = 2 a (252)

6g � 1g � 0:3(2g) = 9 a (253)

4:4g = 9 a (254)

a =
4:4
9

g = 4 :79
m
s2 (255)

(c) (6 pts) The tension T1.

6g � T1 = 6 a (256)

T1 = 6 g � 6a = 6( g � a) (257)

T1 = 6(9 :8 � 4:79) = 30N (258)
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(d) (6 pts) The tension T2.

T2 � 1g = 1 a (259)

T2 = 1( a + g) = 4 :79 + 9:8 = 14:59 N (260)
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12. Shown in the �gure below is a system of three masses connected by strings.
The coe�cient of friction in all cases is � k = 0 :2. Find all the following:

T1

T2
1 kg

2 kg

5 kg30o

ANSWER: Force problems are solved with a di�erent style than kine-
matics problems. For force problems we perform the following steps for
each object:

� Draw a Free Body Diagram.

� Assign a coordinate system (aligned with~a).

� Write an equation for each dimension.

� Repeat for all objects.

This means that even though we ask for multiple items as part of the
problem, they will actually be produced at random moments during the
solution of the problem. This is how we will write the solution here as well.
We will merely note the moments at which a necessary solutionappears.

Notice that we have chosendown as the positive direction. In this case,
we get the solution:

5g � T2 = 5 a (261)

OK, we're done with the 5kg mass and now we'll do the 2 kg mass:

OK, now we analyze the Y direction for the 2 kg object:

N2 � 2gcos 30 = 0 (262)

N2 = 2 gcos 30 (263)

N2 = 2 � 9:8 � 0:866 (264)

N2 = 16:97N (265)

LOOK!!! An answer!!! Let's do the X direction for the same object:

T2 � � k N2 � T1 � 2gsin 30 = 2a (266)

T2 � 0:2 � 16:97� T1 � 2 � 9:8 � 0:5 = 2a (267)

T2 � 3:39� T1 � 9:8 = 2a (268)

T2 � T1 � 13:19 = 2a (269)
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T

5g

+

2

2g

30

T2

N2

T1

mk 1N

+

+
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2g

30

T2

N2

T1

mk 1N

+

+

OK, now we're done with the 2 kg mass...time to do the 1 kg mass:

Let's do the Y coordinate for this mass:

N1 � 1g = 0 (270)

N1 = g (271)

N � 1 = 9:8N (272)

Look another answer!!! OK, our last formulation of an equation will be
the x coordinate for the 1 kg mass:

T1 � � k N1 = 1 a (273)

T1 � 0:2 � 9:8 = a (274)

T1 � 1:96 = a (275)

OK gang...now for the moment of truth. If we have set up these equations
correctly, we will �nd that the tensions will all cancel when we add the
three equations labeled as 261, 269, and 275. The result of this sum is:

5g � 13:19� 1:96 = 8a (276)

49� 13:19� 1:96 = 8a (277)

33:85 = 8a (278)

a = 4 :23
m
s2 (279)
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Now we have found 3 of the 5 answers. Let's go back to equation 275 and
plug in the acceleration:

T1 � 1:96 = 4:23 (280)

T1 = 4 :23 + 1:96 = 6:19N (281)

Goody. Now let's go back to equation 261 and get the last of theanswers:

5g � T2 = 5 a (282)

49� T2 = 5 � 4:23 (283)

49� T2 = 21:6 (284)

T2 = 49 � 21:6 = 27:4N (285)

Yaaaaaaayyyyy!!!!

(a) The normal force on the 1 kg block.

(b) The normal force on the 2 kg block.

(c) The acceleration of the system.

(d) The tension T1.

(e) The tension T2.
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13. Shown in the �gure below is a magazine resting upon a book.If you pull
gently upon the book, the magazine will move with it. If you pull strongly
on the book, the magazine will slip. Let's assume you pull with enough
force that the magazinejust barely manages to move without slipping.

F

mk= 0.5

ms= 0.50.25 kg

0.7 kg

ANSWER: Force problems are solved with a di�erent style than kine-
matics problems. For force problems we perform the following steps for
each object:

� Draw a Free Body Diagram.

� Assign a coordinate system (aligned with~a).

� Write an equation for each dimension.

� Repeat for all objects.

OK, let's begin with the magazine:

0.25g

N

msN1

1

+

+

tarting with the y dimension we write the equations:

N1 � 0:25g = 0 (286)

N1 = 0 :25g = 2 :45N (287)
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Cool...we got an answer! Moving on we can analyze the x coordinate:

� sN1 = 0 :25a (288)

0:5 � 2:45 = 0:25a (289)

a =
0:5 � 2:45

0:25
= 4 :9

m
s2 (290)

WOW..another answer. Now let's do the free body diagram for the book.
Here is where we must consult Newton's Third Law. Clearly thepresence
of the magazine creates some drag that a�ects the movement ofthe book
(and will be re
ected in the Free Body Diagram). Well, the for ce of the
book on the magazine is a surface force and has two parts:N1 and � sN1.
When forming the Free Body Diagram for the book we need to include
an equal and opposite force to each of these two. Here is the book's Free
Body Diagram:

0.7g

N
1

F

N
2

msN1

mN2 +

+

k

Alright...let's do y:

N2 � 0:7g � N1 = 0 (291)

N2 � 0:7 � 9:8 � 2:45 = 0 (292)

N2 � 6:86� 2:45 = 0 (293)

N2 � 9:31 = 0 (294)

N2 = 9 :31N (295)
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OK...�nally we can round this whole thing up by doing the x coo rdinate
of the book:

F � � sN1 � � k N2 = 0 :7a (296)

F � 0:5 � 2:45� 0:5 � 9:31 = 0:7 � 4:9 (297)

F � 5:88 = 3:43 (298)

F = 9 :31N (299)

Done.

(a) What is the force required to satisfy this condition?

(b) What is the acceleration in this case?

HINT: Don't forget the force of the magazine on the book in addition to
the force of the book on the magazine!!
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14. Shown in the �gure below is a system of blocks connected bya massless
string running over a massless pulley. The coe�cient of friction on the
ramp is � k = 0 :1. The 8 kg block is sliding down the ramp. Find all the
following:

8 kg

2 kg
30o

T

T

2g

ANSWER:

T � 2g = 2 a (300)

N � 8gcos 30 = 0 (301)

N = 8(9 :8)0:866 = 67:89N (302)

8gsin 30� T � � k N = 8 a (303)

4g � T � (0:1)67:89 = 8a (304)

4g � T � 6:789 = 8a (305)

2g � 6:789 = 10a (306)

19:6 � 6:789 = 10a (307)

10a = 12:811 (308)

a = 1 :281
m
s2 (309)

T � 2g = 2 a = 2 � 1:281 (310)

T = 19:6 + 2:5622 = 22:16N (311)

(a) (6 pts) The normal force on the sliding block.
ANSWER: N = 67.89 N
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8g

N

m
k
N

T

(b) (7 pts) The acceleration of the system.
ANSWER: a = 1.281 m

s2

(c) (7 pts) The tension, T , in the cord.
ANSWER: T = 22.16 N
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15. Shown in the �gure below are two blocks placed upon a ramp and con-
nected by a string. The upper block is rough on the bottom and high
a higher coe�cient of friction with the ramp. ANSWER: Force prob-

2 kg

2 kg

30o
mk

mk

=0.2

=0.4T

lems are solved with a di�erent style than kinematics problems. For force
problems we perform the following steps for each object:

� Draw a Free Body Diagram.

� Assign a coordinate system (aligned with~a).

� Write an equation for each dimension.

� Repeat for all objects.

We'll start with the top block:

T

2g

N1

0.4 N1

30

+

+

OK...starting with the y coordinate, we �nd:

N1 � 2gcos 30 = 0 (312)

N1 = 2 � 9:8 � 0:866 = 16:97N (313)
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NICE..one answer down. Let's do the x coordinate now:

T + 2 gsin 30� 0:4N1 = 2 a (314)

T + 9 :8 � 6:79 = 2a (315)

T + 3 :01 = 2a (316)

Now we'll do the bottom block:

2g

N

30

+

+

0.2 N2

2

T

OK...starting with the y coordinate, we �nd:

N2 � 2gcos 30 = 0 (317)

N2 = 2 � 9:8 � 0:866 = 16:97N (318)

Finally for the x coordinate:

2gsin 30� T � 0:2N2 = 2 a (319)

9:8 � T � 3:394 = 2a (320)

6:406� T = 2 a (321)

Now...since we have been so good with our coordinates, we cansolve these
equations simply by adding equation 316 to 321. The tensionscancel and
we are left with:
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6:406 + 3:01 = 4a (322)

a =
9:416

4
= 2 :354

m
s2 (323)

Done.

Find all the following:

(a) The normal force on each block.

(b) The acceleration of the system.

(c) The tension in the string.
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16. The �gure below shows a small mass resting on a ramp. The ramp is free
to slide frictionlessly across the table and the small mass is free to slide
frictionlessly up or down the ramp.

By pushing in the ramp with the force, ~F , you cause the system to accel-
erate. With just the right value of the force, the block will n either slide
up nor down the ramp (i.e. with more force the block would slide up the
ramp and with less force the block would slide down the ramp).Find all
the following:

2 kg

5 kg

F

o30

OK...you know the drill...Free Body diagram for the small bl ock:

30

2g

N1

+

+

Not so complicated...y �rst:

N1 cos 30� 2g = 0 (324)

N1 =
19:6
0:866

= 22:63N (325)

Nice...one answer already...now do the x coordinate:
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N1 sin 30 = 2a (326)

a =
N1 � 0:5

2
= 5 :658

m
s2 (327)

Cool...another answer without breaking a sweat. How about that 5 kg
ramp. WELL.....don't forget that the presence of the 2 kg block will hold
back the ramp. How can we get the force applied by the 2 kg blockonto
the 5 kg ramp??? Newton's Third Law. N1 is the force of the ramp on the
block. Therefore, the force of the block on the ramp is equal and opposite
to N1. That leads to the Free Body diagram shown below:

+

+

5g

N1

30

N2

F

OK...let's do the Y coordinate:

N2 � N1 cos 30� 5g = 0 (328)

N2 � 22:63� 0:866� 49 = 0 (329)

N2 � 68:6 = 0 (330)

N2 = 68:6N (331)

Finally, we'll do the x coordinate:

F � N1 sin 30 = 5a (332)

F � 22:63� 0:5 = 5 � 5:658 (333)
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F � 11:315 = 28:29 (334)

F = 39:60N (335)

Done.

(a) The acceleration of the system for which the block neither slides up
nor down.

(b) The force necessary to produce this condition.

(c) The Normal force between the ramp and the block.
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17. Shown in the �gure below is a series of blocks and pulleys.The 3 kg block
will slide along the surface and experience an accelerationa.

3 kg
k

T=?

8 kg

m   = 0.2

(a) How would you compare the acceleration of the 8 kg block tothat of
the 3 kg block? Same, half, or twice?
Suppose the 3 kg block moved 1 meter to the right. This would
\feed" 1 meter of line to the 8 kg block. This extra line would be
equally used on each side of the pulley and so the 8 kg block would
only move down 1/2 meter. This, the displacement of the 8 kg block
is half, the velocity is half, and the acceleration is half.

(b) Calculate the acceleration of the 3 kg block.

(c) Calculate the tension in the cord.
First analyze the 3 kg block. In the vertical direction it has zero
acceleration:

N � 3g = 0 (336)

N = 3 g = 29:4N (337)

We choose the positive direction for the horizontal motion of the 3
kg block to the right and denote its acceleration asa:

T � � k N = ma (338)

T � 0:2(29:4) = 3 a (339)

T � 5:88 = 3a (340)

For the 8 kg, block, we only need to analyze the vertical direction,
however, there are two points of concern. First, there aretwo strings
pulling upward. Second, sincea is the acceleration of the 3 kg block,
a
2 is the acceleration of the 8 kg block. We choose downward as the
positive direction to make the acceleration positive:
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mg � 2T = m
a
2

(341)

8g � 2T = 8
a
2

= 4 a (342)

4g � T = 2 a (343)

Adding the �nal equation for each mass, makes T calcel and leaves:

4g � 5:88 = 5a (344)

a = 6 :664
m
s2 (345)

Sunstituting this in:

T � 5:88 = 3(6:664 (346)

T = 25:87N (347)
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