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dini Science.Com

Levers and Pulleys - Build a Rube Golberg Machine
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http://www.miniscience.com/projects/pulley/
http://archive.fossweb.com/modules3-6/leversandpulleys/index.html
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It works! You've caught the burglar!
Click the TEST button fo see it work again
or click here to re-solve the puzzle.
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Atwood's Machine Problems

lassevirend e Subscribe 212 videos «

http:/fwww.apphysicslectures.com

3:35 Part 2


http://www.youtube.com/watch?v=lnb1c8unnuo
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Tension and Pullgys

Tension in a rope is the same everywhere in the rope,
even if the rope changes direction (such as when it goes
around a pulley).

ONE ROPE = ONE TENSION

IMPORTHENT HOTE

As the masses are connected, they will have
the same acceleration, a.

T
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Wtwood Maching

A block of mass m; and a block of mass F# ) are connected

by a thin string that passes over a light frictionless pulley.
Find the acceleration of the masses.

direction
of motion
+a

direction of
motion
-a

STEP 1: Free-body diagrams

K T

m; m,

bw

W,
STEP 2: Set up tension equations

T+ (-Wy) = mja T+ (-W,) =-m,a
T= m1a+ Wl T=-mza+W2
T= ma+ mg T =-m,a + m,g

STEP 3: Set T expressions equal.

m;a+ myg =-mya + m,g

STEP 4: Solve for acceleration, a.

m;a+ mpa m,g - m;g

a(m; + my) = mpg-mg

_g(m ~m)
I?i!1 +i".‘12

a

Notg: m, >my

February 23, 2014
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Atwood's Machine

Frictionless case, neglecting pulley mass

As a more intuitive approach
to Atwood's machine, consider

February 23, 2014

that the total mass is accelerated

* The acceleration is numerically
r | he differen
:ﬁtﬂ efoh:ﬁ geig;i;?gthtes tlh ez the same for the two masses, so

they can be treated as a system

T with total mass 11+ 1,
a when applying F = ma.

Assuming M5 to be larger, the system
will accelerate in the direction
indicated. The net force on the
two-mass system is the difference
in the weights The net force divided by the
| mi ives th leration.
Ew;:"'ﬁ—mlg total mass gives the acceleratiol

4(! = acceleration

The equation of motion for the two-mass system is then:

(m, —m,)g

(m, +m,)

(m, —my)g=(m, +m,)a or a=
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Samplg Problegms

1. Find the acceleration of each
object and the tension in the
rope.

17 kg

2. The smaller mass on an
Atwood machine is 5.2 kg.

a) Find the mass of the second

object if the masses accele-
rate at 4.6 m/s’.

b) Find the tension in the rope.

3. A 2.0 kg block and a 5.0 kg block are connected
as shown. Find the tension in the rope connec-
ting the two blocks. Assume the horizontal sur-
face 1s frictionless.

2.0kg

5.0kg
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4. A 2.0 kg block and a 5.0 kg block are connected as shown.
Find the tension in the rope connecting the two blocks. The
coefficient of kinetic friction is 0.12.

2.0kg

5.0kg

High Falutin' Pullgy Problgm

5. Three blocks are released from rest and accelerate
at the rate of 1.5 m/s*>. If M = 2.0 kg, what is the
magnitude of the force of friction that acts on the
block that slides across the table?

2M

M

6. A block of mass 3.20 kg on a frictionless inclined
plane of angle 30.0° is connected by a cord over a
massless, frictionless pulley to a second block of
mass 2.30 kg hanging vertically. What is:

a) the magnitude of the acceleration of
each block?

b) the direction of the acceleration of
the hanging block?

c) the tension in the cord?

FIvE]
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Sampleg Problegm

Find the acceleration of each object
and the tension in the rope.

February 23, 2014

HAnswer
The acceleration of the 8.5 kg object is 3.3 m/s” up.

The acceleration of the 17 kg object is 3.3 m/s* down.

The tension in the rope is 1.1 x 10> N.

v

10
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T T
%ﬁh

W
F:d = MG I:.‘ = =M O

Ta L) = mon To (L) = - Mot
T: m;&'\-b)u 'I' - -m\f,.-l-wa.
T. moat M. T= =G : "\1-1

M'm jg-MsG 4 m"-a

Crwnone~ g
Feebe a4l = msj-""“)

Q\(j:\.‘"“‘l-) = g (M\-M\)

-5 R = 3("‘0-"“'3

™M M

a = 45(N-85)
85+ 171

R SN
@ o = 3.3""'5

ooy = £.5 kg o=33 s, wp
m, = |7 kj O =B 3w, oM

T"L). + ™M,0-
T- s56@8)+ 8.5(33)

T< 1w N

11
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Samplg Problgm

The smaller mass on an Atwood
machine 1s 5.2 kg.

a) Find the mass of the second
object if the masses accelerate

at 4.6 m/s>.

b) Find the tension in the rope.

February 23, 2014

[‘| 52kg

12
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MAnswer

The smaller mass on an Atwood
machine is 5.2 kg.

a) Find the mass of the second
object if the masses accelerate
at 4.6 m/s’.

b) Find the tension in the rope.

a) ] T T
my my
b
W,
T+(-W1) = m;a T+(—W2) =-mya
T= m1a+ WI T=-m2a+W2
T=ma+ mg T=-mza+myg

ma+ mig =-mya+m,g

ma +m;g = my(-a +g)

ma+mg
m=———2
(-a+g)
m = 5.2(4.6)+5.2(9.8)
: -46+9.8
m,=14 kg
b) T=mua+ mg
T=5.2(4.6) + 52(9.8)
T=75N
g

February 23, 2014
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Sampleg Problgm

A 2.0 kg block and a 5.0 kg block are connected as shown.
Determine the magnitude of the tension in the rope connec-
ting the two blocks. Assume the horizontal surface 1s fric-
tionless.

2.0kg

5.0 kg

14
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HAnswer

A 2.0 kg block and a 5.0 kg block are connected
as shown. Find the tension in the rope connecting
the two blocks. Assume the horizontal surface is
frictionless.

2.0kg

B

5.0kg

T- o

Fy

Wi
W,

T"’ (-L..)..)“M'Lc\
Ts -y, G ¢ M\j

My T -M\“‘fm'\j
M|“4M\“‘ M‘ﬁ
wlm, +m) = M9

o~ = m.rtt
oo = S.0(9%)
2.0+ 5.0

o = =2
7.0

O = 7.0 %\

m, @ Tleo €‘ . f,':k"-
m, ° Tl.o ma . d s
s\

T= moe~

T= ao(r.0)

T=- 14N

+ension s vopse
is 14 N.

The

b o

February 23, 2014
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Sampleg Problgm

A 2.0 kg block and a 5.0 kg block are connected as shown.
Determine the magnitude of the tension in the rope connecting
the two blocks. The coefficient of kinetic friction 1s 0.12.

2.0kg

5.0 kg

16
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MAnswer

A 2.0 kg block and a 5.0 kg block are connected
as shown. Find the tension in the rope connecting
the two blocks. The coefficient of kinetic friction

is 0.12.
2.0kg
5.0kg
Fy T
Fy i l dor.
W, +
V"'*o“
— W,
J f itz ¢ I on
"“ = ot An

TeC-F)=me T"’ (L) =-ma
Te morhy Te —vaae v,
TO moa Faa By Ts —m,y, & & M\.j

T-'M.o; 4-&m.3

M, o r.a.un.j = =ML & M\j
MG & MaCr = M\§-JAM-5
“(M‘ *m\)‘ M\S -¢“M03

o = M\:-#M-a

M, + M

o= 5.009.%)-0.12.¢2.0)(A %)
2.0 +5.0

o = ‘:“\ - Q2A.35%%
.0

o s b.6 ws™

ry @ G wis™, f\'J'-\"'
Mma. . b.b MIS‘. d eun

-r- WMo AN,
T= a.0(b.6)* o.\;?a..o\(ﬁ %)
T= N

“The knsion m Hhe cops 1% VLW
T

February 23, 2014
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High Falutin' Pullgy Problem

Three blocks are released from rest and accelerate
at the rate of 1.5 m/s>. If M = 2.0 kg, what is the
magnitude of the force of friction that acts on the
block that slides across the table?

2M

M

18
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High Falutin' Pulley Problgm

Three blocks are released from rest and accelerate
at the rate of 1.5 m/s®. If M = 2.0 kg, what is the
magnitude of the force of friction that acts on the
block that slides across the table?

™ M ‘*.o“l?. =My
o . fi'r.. okg= Mg,
'

r—
M
Fe

M d.0 K’
M

r.,f s M.t~
T, +(-w)) ="
T, =m.a + ™9

T, = ao(l-5) - A0(9.%)
T' = aa‘ N

Tt =mman
T‘l."’ ('U“ = =Ml

Ta = -Mmye 4 ™
Th < - 4.o(1.5) +Y.009%)

T‘l = 33.aN

Jut = wae-

(T0 ¢ (Fe) + 1= ™ale
(T) e To - ™ F;
-4 + 332 = (4.0)15) -.(."
YN = I}_

Tlu M.‘mo."'“lp ""- +Ll- 'r“u ‘1‘
fichm 18 Mo,

v
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Inclingd Plang-Pullgy Problgm

A block of mass 3.20 kg on a frictionless inclined plane
of angle 30.0° is connected by a cord over a massless,
frictionless pulley to a second block of mass 2.30 kg
hanging vertically. What is:

a) the magnitude of the acceleration of each block?

b) the direction of the acceleration of the hanging
block?

c) the magnitude of the tension in the cord?

/
K3

4

February 23, 2014
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http://www.lon-capa.org/~mmp/kap4/cd095a.htm
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Inclingd Plang-Pullgy Problgm

A block of mass 3.20 kg on a frictionless inclined plane
of angle 30.0° is connected by a cord over a massless,
frictionless pulley to a second block of mass 2.30 kg
hanging vertically. What is:

a) the magnitude of the acceleration of each block?

b) the direction of the acceleration of the hanging
block?
c) the magnitude of the tension in the cord?

/
FirF]

Ci )+ T= i

7‘: moa + Fg T+ (-w = -
BRI P M
T=m.a+ eae Sinb T=-mMae )

/ ~

7

Mo+ M.Jsuhb = =M """\‘j
M, + Maln = M\S - M\j?\v;&
o fm, 4 mu) = ™Maq - M.js\'ms

o = M\Q - M.jS\'\Q

YA ; Y ML

o = a37a’) — 2.3798)s DS
3.det A De
o = aAxSY- 15.L¥
5.5
e = [LAS mys™

T=19.7N

February 23, 2014
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Qut‘-’-‘m 27, P4 - H§49

M, = O.\qg\’:\

i =0.1% = -
aaY

T

W

TrCR) FCRITTE
- Mm.a "F’. ‘l-\—-r

. T-.'M\O\'\-U'l. L
= MG "\MFN“' \J|$‘“e T--MM.‘
T e ' 3
= e R b e SWm
p I=mioran toCos® & i ind
TD "\, 0 f&m.j(’oso + w98 1n®

T + C- u‘)"ﬂ\ 20~

™, oA g 1050 4 iasinG = -G
a9 CosO 4 »\.jso'o\o- 2 = =W % TG

= \-’A('Mt'ml\
.u-...yosc + M.js\nO - m\,j

| cosD + migsS Va0 - '“‘f] - Ou
- WAy =™

0.2-9 !"-S‘.., = O~

T = = MmMa G Tt M\ﬁ
T = = (0.03§Y0 .3T765) +0.085(4¢)
T = 0 8SIN
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October 6, 2009

A more complicated friction inclined plane problem

5
Bell Work
Problem to Solve

You have ~ 10 minutes to answer this question.

Pick up the handout from the green desk at the front of the
room. Solve this problem in your Hilroy scribbler.

Reminder
Quiz TOMORROW!!!
Inclined Planes and Pulleys

What will be the acceleration of each object once they are set into motion?

m; =0.615 kg

we=0.19
33.0°

m, = 0.525 kg

23


http://www.youtube.com/watch?v=kdobdjvee3u
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wA 1

hnl-k‘_-l,t."di"‘ up el k‘d'\
RANSYY .
W\ y' T
F‘&/O\ﬂ 0
Az
E
~” r3
F:\e = F- - FII Fua™ -
vha=Fy -y -Fysing E1-Fy=-mao

Fr- w39 —-M2

Q.= Fp-p(F,\ masind
FT = ‘\"'10'"""\,3

vy, =F -p (Fose)-masing
M=k -y L""‘\S Cbﬂe\-b\ggqe

™y + L mgusaQM‘isma'z FT
\

TN |

S AVMIG M QS MRS — — M2t W g
P615q 7+ 342004410 §33-0"10 6 miD
= — 0818 + 0.6 (9-8)

O.usa+t0. QLS00 = § WS - 0.9H--3.2925

- D.
<L - nﬁlﬁl: O.8om[s >
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- ~
wA § P - w1 N ~
o.(,,sp.,,x ",’ - - _PfS K{j \
- o’— & \\ \
(a\ 9’ R \'\ l
\y
‘,&/0[\:9, O
A%
£, 3
F = Fycog3s® Fll'ifﬁs"\.n_‘\ Fy= w3
=wmgus B TMBNEL T o0
= 5.0sN =5\ =9.(sN
= F - N
Fwn . P: - §.05 Fm.t-a r +F3
) sos) Fr - %y
= a.96NV
Fud = Fp - (Fuafg) 1

2fr - (32870 9b)
= S15-(424)
©.2IN

All the objects will move together as they are all connected,
so we must consider the total mass of all the objects to
resolve the acceleration of each object.

Fggt Ll \V\T\\
OAIN- mawn\g

w = ?_:SlN =0 -
kg~ O gom [s

25
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_Incline Plane with Friction and Tension: physics challenge problem
a

February 23, 2014

26


http://www.youtube.com/watch?v=tiaygysl1i8
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Bell Work October 5, 2009

Problem to Solve

You have ~ 10 minutes to solve this problem in your Hilroy scribbler.

A box is pulled down a 45.0° ramp by a rope attached to the
box that makes an angle of 30.0° with the ramp. If a tension
of Fr causes the box to move at a constant velocity, what is
the coefficient of friction for the box sliding down the ramp?
Draw a neatly labeled FBD for this scenario.

Quiz - Wednesday, October 7:
Inclined Planes and Pulleys

27



3.5 Pulleys Bundle.notebook February 23, 2014

A box is pulled down a 45.0° ramp by a rope attached to the
box that makes an angle of 30.0° with the ramp. If a tension
of Ft causes the box to move at a constant velocity, what is
the coefficient of friction for the box sliding down the ramp?
Draw a neatly labeled FBD for this scenario.

Perpendicular Forces

Foc =0
A ():F‘F,-[Fﬂ""lzq9

Fv = mﬁcas us’- Freim3d"

Parallel Forces(using down the ramp as positive)

fo F=0F f
= ot Pope-I4
=

¢ =g SFSt @530
V= T g OIS TSR0

28
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February 23, 2014
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Attachments

Levers and Pulleys - Build a Rube Golberg Machine
Applet - inclined Plane
Attwood Machine Part 2

A more complicated friction inclined plane problem

GEEEE

Incline Plane with Friction and Tension: physics challenge problem


http://archive.fossweb.com/modules3-6/LeversandPulleys/index.html
http://www.lon-capa.org/~mmp/kap4/cd095a.htm
http://www.youtube.com/watch?v=l7FNVmuNn2I
http://www.youtube.com/watch?v=KdoBDjvee3U
http://www.youtube.com/watch?v=TIAygYsl1I8
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