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PROF LEAH GINSBERG ——

— MET 2124 — LECTURE NOTES

Mw_l_('é 5 THE BRANCH OF THE PHYSICAL SCIENCES THAT IS
CONCERNED WITH THE STATE OF REsT OR MOTION OF BODHES
THAT ARE sUBJECT To THE ACTION OF FORCES,

+dE 3 BRANCHES OF MECHAN(CS




NENTEWS LAWS 6F MOTIEN

NEWTDN'S THREE LAWS OF MOTIoN FORM THE BASIS
oF ENGINEERING MECHANICS. WE WI(LL DISCUSS TWO DISTINCT
COMPONENTS OF MOTION IN TH(S CLASS,

KotRTION

A BODY SPINS ABOVT AN
AX\S EIXED IN SPACE,
WITHOUT CHANGING ITS

AVERAGE 7DsITION

— S t=0

£=0 >0 <

TRANSLAT(ON

A BODY CHANGES PosiTON

WITHOUT CHANGING 1T$
DRIENTFH'ION IN SPACE

NOW, LET'S LOOK AT NEWTONS THREE LAWS

OF MOTION AND THEIR MPLICA TONS FOR
TRANSLATION AND ROTATION,

FIRST LAW. AN ORJECT wWILL REMAIN AT REST

= N UN[FoeM MOTION UNLESS ACTED UPON BY

AN EXTERNAL FORCE.

EX_YOUR PEN & PAPER WILL REMAIN AT- REST LNLESS
ACTED UPON BY You To TAKE (GOOD NOTES.

_EL SATELLITES ORBITING THE EARTH MAINTAIN A
CONSTANT SPEED.




NEWTON'S FIRST LAW ALSO APPLIES To ROm®TION,
HOwWEVER, INSTERD OF FORCE, THE KRELEVANT QUANTITY
WHICH CAUSES DRVECTS ToO ROTATE IS CALLED A
TORGUE ©OR A MOMENT.

FDREVER IN A FRICTIONLESS ENVIRONMENT,

CECOND LAW, NEWTON'S SECOND LAW IS MbST CFTEN
STAMED THROUGH THE FAMILIAR ERQUATION:

——

F:ma

(Foecg = MASS x Accat:’mﬂo@

NGTE THE ARROWS OVER T AND B MEAN THAT THESE
ARE VECTOR QUANTITIES, HAVING BOTH # MAGNITUDE &

A DIRECTION. MASS, m, ON THE OTHER HAND, 1S A
SCALAR QUANTITY, HAVING QNLY A MAGNUTUDE,

IN STATICS, WE FOCUS ON OBJECTS TWAT ARE NOT

ACCELERATING (a=0). THIS SIMPLIFIES NEWTONS
SECOND AW TO:

=F=0
(S\/M OF FORCES = ZE’)QD>



FoR ROTATIDNAL MOTION, NEWTONS SECOND

LAW CAN BE WRITTEN AS:

—_—

—_\
M= 1L X
$S ENT A
(MOMENT: l‘c;{tg INZS\'II\‘IA X A?ckéféégw
NUTE AGAIN THE ARRINS OVER ™M AND %

IND ICATING THAT THEY HAVE BoTH A MAGNITUDE
AND A DIRECTION, WHILE I 1S A SCALAR QUANTITY,

ALSO, (v STATICS, WE FOCUS ON DBIECTS THAT

MRE NOT ACCELERATING (x=0), SO, WE CAN SiMPLIFY
THE ABOVE EQUATION TD
2M=0
(svw\ OF MOMENTS =ZEE®

THIRD Law  FoR EVERY AcmoN THERE IS AN

EQUAL AND OPPOSITE RE?\CﬂoN.
P REACTIONS NEWTON REFERRED T0 HERE

THE ACTIONS
ARE CALLED FORCES.

F ‘ = THE FORCE — THE FORCE
OF A ON oF B ON A

A



|T CAN BECOME CONFUSING TO KEEP TRACK OF
THESE ACTION-REACTION PAIRS. TO CLARIFY, WE praw
FREE —-BODY DIAGRAMS IN WHICH WE [DENT1FEY AND
DRAW ALL THE FORCES ACTING ON THE BODY OF INTEREST,

EX LET'S DRAW h FREE-BODY PIACKAM (FBD)
oF Ywr TEXTBOOK SITTING ON A TABLE.

FBD TREATING THE BOOK AND FBD TREATING THE BOOK AND
THE TABLE AS A SINGLE SYsTEM THE TABLE AS INDEPENDENT
\Nbook Wbook
'F-uult

Foook

Waaole

R ;
Ecl»or E‘°°r - -




UNMITS

QUANTITIES IN ENGINEERING WILL ALWAYS

HAVE A NUMERIC VALUE AND AN ASSOCIATED
UNIT (UNLESS THE PROPER UNIT IS UNITLESS).

4 A NUMBER WITHOUT A UNIT IS MEANINGLESS! X

TUE TPROPER ULNIT 1O USE IS ESTABLISHED BY A
CONS(STENT UNIT SYSTEM.

ALL UNIT SNSTEMS ARE DERWED FROM SEVEN BASE UNITS. THE
(MPORTANT ONES FoR STRTICS ARE:

MASS . [m] A MEASURE OF A QUANTITY OF MATTER,

LENGTH. [L] A MEASURE OF SIZE OF A PHYSICAL SYSTEM, USED TO LOCATE
TUE POSITION OF A POINT IN SPACE.

TIME . (4] TIME 1S CONCEVED RS A SUCCESSION OF BVENTS

ALL OTHER UNITS ARE EORMED AS (oMBINATIDNS OF BASE UNITS,

EX. ACCELERAT(DN \S OEFINED AS LENGTH [L] OWIDED BY TIME [+]
SQUARED, SO HAS UNITS

as [L/¢]

EX. FORCE |s RELATED T MASS AND ACCELERATION BY NEWTON'S
SECOND LAW, SO HAS UNITS

F=[mt/e]



WE WiLL STUDI TWD DISTINCT UNIT SNSTEMS CommbNLY USED IN THE US.

US. CUSTOMARY

- THE UNIT OF MASS,CALLED A
SLUG (S DERIVED FRoM f=ma,

ST SNSTEM
ABRREVIATED FROM THE FRENCJH,

"SYSTEME INTERNATIONAL OUNITES'
- MoST WIDELY USED SISTEM . 1 SLUG Is THE AMOUNT OF MATTER
ACCELERATED AT 1 ™2 wHen ACTED

WORLDWIDE.
UPON BY A FORCE oF 1 Ab.

COMPARING SYSTEMS OF UNITS

NAME LENGTH NME MASS FORCE F=ma
ST SYSTEM MeETER SECOND  KkILOGRAM  NEWTON _ kq'm
() () (kg) O N= ==

Lo's*
£+

FoovT SECOND SLUG POUND
(+4) () (k)

KEEP IN MIND THAT MASS AND WEIGHT ARE NOT THE SAME THING.

US. CUSTOMARY -

Nou CAN EIND THE WEIGHT OF AN DBJECT FROM (TS MASS BY APPLYING
NEWTONS SECOND LAW (’1’3=ma‘) WITH THE LOCAL ACCELERATION OF GRAVITY.

—

W =m3
6EARTH = q Rl W‘/sz = 32. (F4 'Fng
AmaRs 33 Ms* = 2.2 ftls*

_EL ON EARTH, A 1 SLUG MASS WEIGHS 32.2 fo.
EX oN MARS, A 1 SLUG MASS WEIGHS (2.2 Lb.

EX How MUCH DoeES A 5 kq BAG OF FLOUR WEIGHT

EX How MUCH DOES A Sl BAG OF SUGAR WEICHT



WHEN AQVUANTITY (S VERY LARGE OR VERY SMALL, s wwirs

MAY BE GIVEN USING A PREFIX.

PREFIX S| SYmBoL EXPONENTIAL FORM NUMBER
GIGA- G DY 1,000,000, 000
MEGA- M 0° |, 000, DOD
K\Lo— k Iy |, DD
MILL(~ m 0> 0.00l
MICRO- n 0°° 0.000 OOl
NAND- 0 107" 0.000 00O OO




