Rotation

Dr P Lawson

(ref the cartoon guide to
Physics, Gonick & Huffman)



Inertia and mass

An object’s inertia depends only on its mass. The definition of mass is very
difficult, and you will probably have met the idea that ‘mass is a measure of the
amount of matter in a body’. While this statement is not false, it is not the
whole truth either. The most satisfactory definition of mass uses the idea of
inertia. If two objects A and B have the same acceleration, but the resultant
force on object A is 2F while that on object B is F, then object A must have
twice the mass of object B. Figure 1.2.9 shows an application of this.

Figure 1.2.9 Newton's first law in action. It is important
to know about changes in body mass of astronauts
during long periods in orbit. Obviously bathfoom scales
are useless in this situation. This device uses the inertia
of the astronaut’s body to affect the way in which
oscillations happen — the oscillations are then timed and
used to calculate the mass of the astronaut.
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B W ARE ALL AWARE THAT A MASSIVE OBJECT, LIKE

s "WHEEL OF FORTUVE," WS (XTI VAT

um RTl IT's WARD To START MOViNG, AND ONCE
1T Bome, 1T RuNS b LoNG TIME BEFORE FRCTION BRINGS

IT To A MALT. JUST AS ORDIVARY INERTIA RESISTS
ACCELCRATIONG, ROTATIONAL INERT(A RESISTS ROTATIONAL

ACCELERATION.
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DID You REAUIZE

TeAT ROTATIONAL
INERTIA DEPENDS NOT WM
oNLY ON MAS4, BUT s il
ALSO ON HOW MAGS

| 15 DISTRIBUTED? /
MASS ON THE OUTSIDE,
oo i
CENTER, HAS MORE

| ROTATIONAL INERTIA “’..;1':2““““‘ ‘\
THAN MASS CLOSER 88 T0 0\0
TO THE CenTER! i i

LET's RACE A “RiIM-LOADED" wHEEL AGRINST A MASS-
CENTERED WHEEL DOWN AN [NCL(MED PLANE - THE

MASS - CONTEREp WHEEL QUICKLY TAKES THE LEAD,
CECNUSE 1T 16 EASIER To BET ROTRTING TUA® THE

RIM-LOMDED WHEEL.
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IF ROTATIONAL INERTA 15
ANALOGOUS TO MASS,
WHAT 16 THC ROTATIONRL
o6 OF FORCE 2
UERE RINGD OPENS A
MASSINE DOOR, BY
PUSHING AS FAR FROM
THE HINGES S
POSSBLE , AND HiS

PusH 15 PERPENDICULAR
TO THE POOR.

ﬁo? VIEW:




THE SAME PRINCIPLE APPLIES WREN RS
Wotk USE k WRENCH To Remove A T e
NUT. You GRASP THE WRENCH AS L Rttt
FAR. OUT AS VOSSIBLE AND PUSH e e
OR PULL PERPENDICULAR To THE — Cscisage®

NRENCH -Q]




), THE mmcmm DSTANCE FRoM

THE PRODUCT OF FORCE
AND LEVER ARM 15 THE
TWISTING FORCE, OR

MO ROUER
Torque = F- K

TORQUE |5 THE ROTATIONAL ANALOG OF YORCE.




NOTE HOW MAK(NG F PERPENDICULAR To THE
RADIVS (THE WRENCH) MAXIMIZES I . |V OTHER
.. WORDS, A PERPENDICULAR
A PUSH 16 THE MOST
EFFECTIVE PUSH !




/" OWR FINAL ROTATIONML ANALOG (S )

°”‘ENT“M.
ig&rgn, (&%% o 2 BRRE-

ROTATIONAL INERTIA |
ANG(IAR?'%IELO(ITB :

(ANBULAR VELOLITY 15 JUST THE TURNING RATE. \T CAN BE
EXPRESSED IV REVOLUTIONS PER SE(OND. )




UNLIKE MASS, THE AMOUNT OF ROTRTIONAL |NERTIA CAN BE
CHANGED ‘W MID-FLIGHT" B9 REARRANGING THE MAAS .
Tas MMKES ROTATIoNKL MOIION MORE oomcckreo'mm

LINERR MOTION-
T, FOR EXANRLE,
THE cr&“ OF

THE STINNWG
|CE SKINTER...




REMEMBER TUAT MOMENTUM 15 CONSERVED ¥ THE ABSENCE OF
EXTERNAL FORCES. LIKEWISE, /a\NIGUIYaY2) MOMENTUM 15

CONSERVED IN THE ABSENCE OF EXTERNAL Blp e de IV S

THE SKATER BEGINS smmucj BUT WHEN SHE PULLS IN HER ARMS,
WITH HER ARMS EXTENDED. HER ROTATIONAL INERTIA GOES

DOWN. HER ANGULAR MOMENTUM
REMAING CONSTANT =50 HER
ANGULAR VELOCITY IMCREMSES |




IV THIS RESPECT, AN ICE SKATER RESEMBLES A COLLAPSING STAR .
THEY BOTH CONSERVE ANGULAR MOMENTUN !

WHen b ROTNTING STAR. | |15 S7ins INCREASES | [ANp 1T DS UP 46 A
DIES, |T BEGINS TD TO CONSERVE SUPER DENSE BLOB
COLLAPSE FROM THE FoRce | | ANBULAR MOMENTUM.| | OF STUFE, SPINNING
OF ITS DWN GRMWITY.

MANY TiMES PER
SECOND .

LARGE ROTATIONAL INERTA % SMALL SPIN RATE
SMALL ROTATIONAL INERTIA ¢ LARGE SPin RATE
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