Example 1:

Example 1:
Three point masses are held together by light rods as a) I, Ja m,\3m)
shown below. VA
o M= 4kg
(1 m,V3m) m;= 4 kg ‘ 777777777777777777777777 my= 4kg
(0,0 2m,0)
m1=4kg"i ,,,,,,,,,,,,,,,,,,,,,,,, my=4kg
. 2m,0 X,
Find: 0,0) (2 m, 0) ¥ = zm/x‘ _ X+ X, + ms Xy
a) I, “ >m; my +n, +m;
b.) Iabout an axis passing through m, and _(4ke)(0m)+(4 ke)2m)+(4 ke)(lm) _,
perpendicular to the plane of this arrangement 4kg+4 kg+d kg
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Example 1: Example 1:
m;=4kg m;=4kg
a.) 1, cm (1 m,wg m) a) I cm 3 (1 m,w’g m)
/ 1m, ? m r}\\
AL ameBm)
m;=4kg ‘ ,,,,,,,,,,,,,,,,,,,,,,,,, m,=4 kg m=4kg o | N my=4 kg
(0,0) (2m,0) (0,0) (2m,0)
L, =3mr’
2my, my, +m,y, + m,y w > (V3 , 3, 12 5, 2
y, =4 =TTl T TS n=r=r=,0m) +-"m| = 1m’+>m’ =,/ ~m’ ==+/3m
"o 3m, m, +m, +m; 7 \‘ 3 \ 9 \9 3
’ 2 2 2 2 2~V
(4 kg)(0 m) + (4 kg)(0 m) + (4 kg)(\@ m) 3 1, = Eim[r. =my +myr, +myry =3myr; =3(4 kg)(gx/ 3 rn)
Yem = =—m
o 4kg+dkg+4k 3
groeTn 1, =16 kg-m’
Example 1: Example 1:
b.) [ about an axis passing through m, and b.) [ about an axis passing through m, and
perpendicular to the plane of this arrangement. perpendicular to the plane of this arrangement.
my;=4kg
= 4 Eg /a m,\/3m)
\(1myV3m) SN
ry=2m . a m,\/§ m)
. (1m,A/3
( m,z m) m=4kg g m,=4kg
m;=4kg my=4 kg (0,0) (2 m, 0)
rn=0 r,=2m 2m,0) 2
or using the Parallel Axis Theorem d = gx/g m
1, =1, +Md’

0,0)

I= Em‘.r2 =mr’ +myn” +myr” =0+2(2 m)2(4 kg)

I=32kg-m?

2 2 5 Y
I, =16 kg m* +(12 kg)(gxﬁ m)

2
I,=32kg'm



Example 2a:

L . L
“ P ir=x 2
| . =,
M
Example 2: dm=Adyx=—"dx
. . . x=0
For a uniform rod with a mass M and length L find:
3 3
a) I, L L (E _5)
2, 2
oot eef, L)
b.) Iabout one of its ends. 5 5
_M(L (L)) ML
3Ll 8 8| 3L\ 8
l 2
[=—ML?
12
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Example 2b: Example 2b:
L
r=x x=L d= 2 Y=L
. N . N
dm = Adx=—dx
x=0 L xX=2x,
L
I=[ridm = }xzﬂdx M2 M Lo or using the Paralle]l Axis Theorem
o L L3, L{3 3
1,=1,,+Md’
1 2
1= ML 1,=iML2+M(£) =L L
3 P2 2) 12 4
1=t
3
Example 3:
For a uniform hoop with a mass M and radius R find /
about an axis perpendicular to the plane of the hoop and
passing through the edge of the hoop.
Example 4:
R_| .. . . .
Show that the minimum moment of inertia for a uniform
M . .
rod of mass M and length L is located at its center of
mass.
d | d=R
—
I, =MR?
1,=1,,+Md’

cm

1, = MR* + MR*

2MR?
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Example 4:

X ==X, r=x x=L-x,
| . L,
N w
’ dm = Adx=—dx
L
L-x
I=[ridm =Lf(’xzﬂdx=ﬂi} _M(E-x)" (x)
S L L3 L\ 3 3

1=%((L—x0)3 +x03)

.. dl
Minimum occurs when —=0
X,

= (R +07)) = A0 307

Example 5:

A thin hoop with a radius R and mass M rolls down an
incline plane that makes an angle 6 with respect to the
horizontal. The hoop is released from rest and rolls
without slipping a distance / down the incline.

a.) Use energy conservation to find the speed of the hoop.

b.) Use Newton’s 2™ Law to find the acceleration of the
hoop as it rolls down the incline..
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Example 5b:

SF, =ma SF,=ma St=1Ia
F,/—f=Ma FN—I‘1=0 Tf=[0(

. 2
ngine—f - Ma Fy = Mgcost RfSlnﬁf =MR"a

(1) Mgsin6 - f = Ma RF(1) = MRZ(%)

(2) f=Ma

(1+2) Mgsin6 = 2Ma

aw gsin@
2

Example 4:
X ==X, r=x x=L-x,
— o BN
o M
dm = Adx=—dx
L
da M 2 2
a=§(3(L_xu) (-1)+3%,%)=0
M((L2 — 2Ly + X, )(-1)+x,7) =0
M 2
f(-L2 +2Lx,—x," +x,7) =0
-2 +2Lx, =0
2Lx, = I’
L
‘2
Example 5a:
v=Rw
¥y = (sinf
%+ Ug1 =K, +}}§2
v =0 y,=0
Mgy, = - mv? + L 1o
8 2 2
1 1 v\
Mglsin® = — Mv*> +7MR2(7)
2 2 R
glsinf = lv2 +lv2
2 2
; 2
glsinf =v
Example 5:

Check this out.

Since the acceleration down the incline is uniform:

vi= v,2 +2alAx

This is consistent to what was found using energy.



Example 6a:

Example 6

In the figure below, the pulley is a solid disk of mass M and radius
R . Two blocks, one of mass m, and one of mass m, > m,, hang
from either side of the pulley by a light cord. Initially the system is
at rest, with m, on the floor and m, held at height & above the floor.
Then m, is released and allowed to fall.

a.) Use energy conservation to find the
speed of Block 2 just before it strikes
the ground.

b.) Use Newton’s 2" Law to find the
acceleration of Block 2 as it falls
to the floor.
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Example 6b:

o
@ a=Rao

St=1Ia
Ty

RTysin6y, + RT,sin6;, = %MRza

T T,
atlm] alfm
I -—MR’
2 Fs'l Fllz
SFy=ma +7p, =la
(1) T\ - F, =ma
(2) Fop=To=mya RT,(-1)+RT2(1)=1MR2(3)

2 R

(3) TZ—T1=%M(1
1+42+3) F, -F, =ma+m7a+lMa
g0 g = 2

myg —mg =(m1 +m2+%M)a

(

my—m)g

a

my+m +1M
2

Example 7:

Example 7

A uniform thin rod of length 0.50 m and mass 4.0 kg can rotate in a
horizontal plane about a vertical axis through its center. The rod is
at rest when a 3.0 g bullet traveling in the horizontal plane of the
rod is fired into one end of the rod. As viewed from above, the
direction of the bullet’s velocity makes an angle of 60° with the rod.
If the bullet lodges in the rod and the angular velocity of the rod is
10 rad/s immediately after the collision, what is the magnitude of
the bullet’s velocity just before impact?

Axis

60°
Vb

bullet
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%+Ug1 =K, +U,,
v =0

mygy, =%(’”| +m2)v2 +%1w2 +m gy,

[

1 1
mygh =E(m1 +m2)v2 +ZMV2 +mgh

1 2 11 2
mygh =—(my +my)v-+—-MR
28 2(1 2) 2(2

mygh —mgh = (l(ml +m2)+lM)v2
2 4
(m

1
5(’”1*’"2)

v = Z_ml)gh

1
+—M
4

‘\‘ (my —my)gh

I1

' 1
\‘\E(m, +m2)+ZM

Example 6:

Check this out.

Since the acceleration is uniform:

vi= v]2 +2aly

(m2 —m1)8 "

1
my+m,+—M
1 2+

v2=0+2

2(my —my)gh

(my —my)gh

1 1 1 1
m+my+—M —m+—my+—M
2 2 2 4

V2=

—
ve | (my —my)gh

|

This is consistent to what was found using energy.

%(m, +m2)+%M

12050 m, M =40 kg, m, 0003 ke, w, =10 24 9
S
Tp
_

[ =) ] '> W,
60°

Vb

Axis

bullet
2 Li = E Lf
Lyutte, = Liutier, + Lroa,
Fx Py =1,w,

1y Vpsindy, = (Igog +pugier )02

. 1
M, v,sing, = (E M*+ mbrbz)w2



Example 7: rad
0=0.50m, M =40kg, m, =0.003kg, w, =10 —, v, =?
s

IR RN
[ =) ] '> W,
60°
Axis
Vb
bullet

. 1
1,m,v,sing, = (EMZZ +mbrbz)w2

2
Vi 1 ) 14
f 0, = 60° (émz + m,,r,,z)w2 (ﬁ Mt +mb(5) sz
v, = = 7

! 7,m,sing,

1 2 0.5m)\’ rad

= (4.0 kg)(0.5 m)* +(0.003 ke)[ 22| |10 ==

12 2 s m

vy = 05m =|1286 —
('T)(O‘OOB kg)sin60° s

Example 8:

-

N
rg=1m

rg=rp;=2m

St=0

r/,+1:8+173+17,. =0
ry=0

T=FxF T =rFsinf
rgFgsinOy + rgFysinfg + 1, Tsin6; = 0

T —15Fsin0y — roFysinOg

rpSinGy

Example 8:
2F,=0
Fy —Fy-Fg+T,=0
Fy =Fy+F—T, =20 N+50 N-(120 N)sin(150°)
Fy =100N

Fy =(1039 N)i +(10.0 N)j

Fy=+[F>+F? =\[1039N)* +(100N)> =1044 N

F, !
Oy =tan' = = tan'l(M) =5.5°
103.9

F,; =1044N/55°

m=20kg

\";\b\\\\‘
~
g

A
v

ANNNNNNN
]
o
3

Example 8:

A 50 N sign is attached to the end of a 2 m horizontal beam that
is hinged to a vertical support. The beam is uniform with a
mass of 2.0 kg. A cable that makes an angle of 30° with respect
to the beam is attached to the wall to help support the sign.
Find the tension in the cable and the force exerted on the beam
by the vertical support.
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Example 8:
T —rgFpsin0, — rgFisin0y
rpsin6,
F, V@B: 90 Fy Vef -90 T o

—(1 m)(20 N)sin(=90°) - (2 m)(50 N)sin(-90°) -

T =120 N

(2 m)sin(150°) -

2F=0
Fy +T,=0

Fy =-T, =-Tcost; =~(120 N)cos(150°)
Fy =1039N



