


How vs. Why

kinematics: How linear BUT why does a body
variables change in time*  undergo acceleration a?

Vv =y, T at
X — xy = vot + zat?
v =v§+ 2a(x — x;)
x—x0=%(vo+v)t

1
X — Xy = vt — zat?

* provided a is constant

Add all forces fegardless
of where they/act on the
body (FBD)



How vs. Why

kinematics: How angular BUT why does a body
variables change in time*  undergo acceleration o

about a given axis?
W= w, T+ ol

0 — 6 = wyt + jar? P
W' = w§ + 2a(0 — 6) oé\\\ e =
0 — 0, %(W[J + )t d\\\O/— on
0— 60, = ot — iat? /
A: Net torque €=» angular
* provided o is constant acceleration

Tt = ZT =lo

|



Computing torque

Ways torque Ei-gr
] l
differs from force: ’ S ) :
1. Torque is computed — Fcos ¢
about a given axis'’ A =" 7 Lineof
s /' action

2. One must know where \/Q

i iad 2 .
force is applied “moment vector”

Torque depends on vector r between these points

1 To be precise we should always say “torque about O is...”

2 Cannot use FBDs for torque



Ways to compute torque
1. With vectors and angles

place vectors tail-to-tail:

I
— I
— < |
F/&(1): angle FROM rto F é\ o
> 0 - (z;‘/\#/ Fcos ¢
d>

r

T= \fHF‘sinq)



Ways to compute torque
1. With vectors and angles

place vectors tail-to-tail:

uorjoe /O\\
—— Ny
i: Jo ourj P s \\\
> @ SOD T 4\?) . O
_ . I ¢ ‘
~ ®: angle FROM rto F /e . -
F |
~ pusy
T= ‘I'HF‘SHW) torque is negative

when ¢ is negative



Ways to compute torque

t= 0 when force is
applied at axis

r=0




Ways to compute torque

T= 0 when force is || to r

Fﬁng__

|

|

< . " |

F - [
= [
> (@] i r/ ¢‘/\7— IF (p

r Ss / Lin K,

' d SN / action

<

T= ‘f“i’z‘smq) -0 S



Ways to compute torque
2. Perpendicular component of Force

A. At the point of
application find the
component of F which is

perp.to ¥ F,

‘T‘ — ‘F‘E N / Line of
/ action

© 2004 Thomson/Brooks Cole

B. determine sign from sense of rotation



Ways to compute torque
3. Moment arm to line of action

A. From the point of

application run a line Fsin ¢
|to F LINE OF ACTION A AF
<€ r > :
B. From axis draw perp. . ; :
to line of action: e : :
MOMENT ARM 1, O T v ¢ Teosd
ot : //_ Line of
. Fi >o / action
‘T‘ =TI ‘F‘ b4

© 2004 Thomson/Brooks Cole

C. determine sign from sense of rotation



axis

A crate of mass m=10 kg
Is tipped by applying a
20 N force as shown.
What is the torque about
the far lower corner?

+32 N'm
+30 N m
-30N'm
-32N'm

OO >



axis

7| =r, [F|=(1.5m)(20N)

A crate of mass m=10 kg
Is tipped by applying a
20 N force as shown.
What is the torque about
the far lower corner?

A +32 N m
| B +30N'm |
C -30Nm
D -32Nm




0.5m The weight force
W=mg

Q: But where is it
applied to the body?

axis




0.5m The weight force
W=mg

Q: But where is it

applied to the body?
r =1.03

A: It acts at the center
of gravity which is
exactly the same as

axis the center of mass

What torque does gravity A +103Nm

create about the axis? B +25 N m
C -25Nm
D -103Nm



> - N2R (Newton’s 2" Law
F=20N for rotation)

2m T . = )T=Ic
r =
each torque must \
be calculated rotational inertia

about same axis must be calculated

axis about same axis
W, = 100 N as torques
Axis —_ —
s abo Toot = 30-25=4+5Nm
O oah What values of | do
center we divide +5 N m by?
l=1,,+M(1.03)?=12.3 kg m?
— 2
lom = 1.7 kg m o = (5 Nm)/( 12.3 kg m?) = 0.41 rad/s?

I= &M (a? + b2)



L A uniform bar swings freely about a
o———0 | frictionless axis at one end. Itis
T released from rest when it is
Web =M horizontal.

axis
Ty = -(Mg)L/2

AxIs

Slab about What is the rotational

perpendicular

axis through moment about the axis?
| center

e

-

0 A M L2/12
N f B M L2/4
I=&M(a2 + b2) (t) C ML?%/3
D M L2
a0 E (13/12) M L2

I=1_ +M(L/22=ML2(1/12 + 1/4)



« |
T l Wey, = Mg
axis

What is the linear accel-
eration of the rod’s tip?

A 0
B 0.333 ¢
C 0.75¢
D g

E 15¢g

A uniform bar swings freely about a
frictionless axis at one end. ltis
released from rest when it is
horizontal.

T, = -(Mg)L/2

-Mg)L/2=(ML?/3)
o =-(3/2) g/L
a=ro=-3/2)g

what about a_?



pb L . .
Mg/4 A uniform bar swings freely about a
i_.o >| frictionless axis at one end. ltis
T released from rest when it is
| e = M3 horizontal.
axis
Ty = -(Mg)L/2
What is the linear accel-
eration of the COM? I=ML2?/3
A O o =-(3/2) g/L
(E; g'?;:;if] a,=ro = (L/I2)(-3/2 g/L)
Dg
E 1.5g Doesn't a_,, = -g because



Tension & Pulleys

Problems used to say
* light™ string

* light* pulley

* on frictionless axel

= I1,=1T,

la

* |.e. massless



Tension & Pulleys

Now they say
* light™ string
= lLight* pulley

* on frictionless axel

[-) | # O for pulley (about axis)]

la

* |.e. massless



la

* |.e. massless

Tension & Pulleys

Now they say

* light™ string

= lLight* pulley

* on frictionless axel
|+ string does not slip |

=2 | =z 0 for pulley (about axis)

= Tension acts on pulley at A
point where they 1st touch it.
= t=1TR

\-) o =a/R )




Tension & Pulleys

Now they say

* light™ string

= lLight* pulley

* on frictionless axel
» string does not slip

In the picture shown here:

a=alR<0 | (A T<T,|
BT,=T,

Tret = O/1 <0

Thet — R(T T2) <( C T1 > T2
* i e. massless D need more information



Tension & Pulleys

A downward force F is
applied in order to pull the
block upward at constant
velocity of 3 m/s. The light
string does not slip over the
pulley, which is on a
fictionless axel.

a=aR=0 A'|'1<T2
’Cnet=06/|=0 [B T1=T2]
Thet = R(T1-T,) =0 C T,>T,

D need more information



')

* about axle

T = -RT  The pulley and block each have mass

m. A light string is wrapped about the
pulley and does not slip. The block
falls freely. What is the tension T?

| = mR?/2

N2 for block:
a,=T/m-g

N2R for pulley™:
o =1/l =-2T/mR
linear/angular relation

a, = Ra. = -2T/mR

I/

I= tMR?

Wegp=mg

block



T = -RT

The pulley and block each have mass
m. A light string is wrapped about the
pulley and does not slip. The block
falls freely. What is the tension T?

| = mR%/2 -
N2 for block: )
ay=T/m-g 4\/1&
N2R for pulley: I- IMR®
: l o =1/l = -2T/mR
T
linear/angular relation
T/m-g=-2T/m

a, = Ro =-2T/m

. We,=m

T =mg/3 Ep- MY

a, = -(2/3)g block



axis /

of the three times show,
when is the torque from
gravity the greatest:
A (vertical)
B (45°)
LC (horizontal)]
D all three are the same

A uniform bar swings freely
about a frictionless axis at
one end. Itis perched
vertically when it is nudged
to fall.



axis

The kinematic equations:
A should be used here
B could be used, but will
be hard
[ C cannot be used here ]

A uniform bar swings freely
about a frictionless axis at
one end. Itis perched
vertically when it is nudged
to fall. What is the linear

speed of its tip as it passes
the horizontal?

W= w, + ot
60— 0, = wt + éﬂ:fz
0 = wj + 2a(6 — 6,)
86— 6, = ;_l,(m” + w)t

H_ ﬁ“:{'ﬂf_ ;Uff:

T changes =» o changes



Gravitational
Potential Energy

Weight force acts @ C.O.M.
=>» potential energy

of body/Earth system depends
on height of C.O.M.

U, = Mgy,



A uniform bar swings freely
about a frictionless axis at
axis one end. Itis perched
vertically when it is nudged
to fall. What is the linear

® ) speed of its tip as it passes

] 1 v="7? the horizontal?

Conservation of mechanical energy:
AE=AK+AU=W=0
AU =mg Ay_,, = -mgL/2

Ki=0 Ki=0.51 0? = mL? ®?/6
AK =mL2 »?/6 = - AU = mgL/2

® = 3—5 v=r =+/3gL



A uniform bar swings freely
about a frictionless axis at
axis one end. Itis perched
vertically when it is nudged
to fall. A penny falls from
0 o the tip when the bar is
ivz 3gL nudged. As it passes the

L axis, how does its speed
compare to that of the tip
AE=AK+AU=W=0 when it was horizontal?

AU =mg Ay, = -mgL
Ki=0 Kf=mVp2/2
AK = m v.2/2 = AU = mgL D they cannot be compared

v, =4/2gL




