—————

T ATy
ous__ Third class _m<m..m

m .“o_.nm is between :..m fulcrum and the lo:

Lh:bqtu& %

Class 3 Lever

bt
E {orcefs

Fulorur
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i

= S

= 3

~ Three people on a scesaw. What is the mass of the person on the left?

e

l.....E%a —mgd +mgd,

19




= et Tl o

THE E._: i

A._-m _x.:. is in BEES.E m

Net Torque (Z1) =0

[(F x0.04)—(25x 0.15)— (40x 0.4) = 0

—490N|

| o (0.15x25)+(0.4x40) 1975
0.04 0.04




LEVERS AND MECHANICAL

[ Apvantagy ¢ il
i What is a lever?

* Aleverisa device that applies force or transfers it.

* Alever is a rigid bar that rotates about a fixed point
enabling it to exert a force to move a load.

* The use of levers create 3 mechanical advantage of a |
strength & speed Aazms 51 a4l (">—w Sless (o0 s VI -

= _b_ .ﬂ\tﬂ, nﬂfu/w .nu.:_wu & Pvuw.l;u.lxx\.wv.ulv nler. Vvﬂw\wnf A .m-nupw_;.\:‘ H
N S oL e PLA ) el

e - “ ol

N Sepdls soal Sl UL
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e — —

e

o i 4 IBE PRINCIPLE E OF MOMEN

.H.mg R P S vl e i v nuw
__“ e direction of the rotation is mmvo:a_sm on thewt
applied force in clockwise  (cw) :
counterclockwise (ccw). At equilibrium all

torques are balanced so that net torque a@ﬁ& _
Zero i, =1y <heF SN S5 ol S v s
2t (cw) =X T (cew)

ael S sl o) r el s ol _,.r“cLhﬂ\L..

*F,. d_ =XIF ;a8 A
P2 ) ) o 5 VE,_CB _.
This condition i1s called the principal of

moments
12

I



e ¥

First n_mﬂuﬁrﬂﬂman in nﬂwﬂwﬁm&: ody
@ Asmall force can be used to advantage o<mw )
. heavy weight if a long force arm is used. :
A..Ur.luv..t_ _L_ pY.manlklm nmwﬂ\.hn& f\r\@\v S9-3 ﬂ._\rﬁl\_..
. . ﬂ% b.v rw& m\ Triceps extension

.

* T

w Fulcrum &
: Hﬁ . Load g
ﬁ" iy mﬁ.oz “,..._

; _.“_

31




.r.|1|mvlu._.

~JJ.|.¥L.

balance point

————i

Bl

centre of mass

e

HLLE\L 1=
axis of rotation

16




s nE_ mmnosn class levers |

& _.Omn_ between fulcrum & effort

| sadls SEL I A
_m:.u:_@P 4— AT

Fulcrum ——— =405

Class 2 Lever

Load _
. i Effort
R Do L
ﬁ Fulcrum

Load
& .—
Effort

Nut OEQTQ\
3 S LS




a2 kg weight. cc.rma 1S

l...M.»h@bﬂxV\th.-




2. EQUILIBRIUM ¢ <
wuaamaammaﬁogEmac_:g,_ciiwos\%m

- net force on that system is zero and the net ||

 torque on the system is also zero, ~ S=="rSes
A system 1s 1n static equilibrium when 1t 1s in ||
- equilibrium and stationary. <L~ E Sl o Pl SR

=l aw<ilsl ulas, 0 e ¢ Bl ol m —silts
- A system is in dynamic equilibrium when

it is in equilibrium and also in motion,
which implies that the system 1s travelling
at constant velocity and or rotating at a
constant rate. .




i LG _ : s .|. ... :

: T ..._.|..n._l.....a.uf.P|||..|" E .... Z= H.1.t....~ |.-.l.|”..ul.|...|. .I..I......_....... — - —— _

F i L ] . ” . e #r i B e
T34 E . Y — = B " »
L 2 1 g3 N Yo e Sy . e
i L, o - 1l 1 . ¥ s o = a0 g i
. e A . i ; B & : .
- lh i il b - g y i
=] L :
-
1

loais <71 o el ol
A system is said to be in

@ equilibrium when «

w Hm:.:n equilibrium Static me:_:uu.m

@ P u\Lu_,pw k{xﬂ\& Qrm«

Net Force Net Torque
hM“m.v"Q H.M.ﬂv“o 3
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B> O
% When seesaw is

perfectlybalanced

o i1,
- 3 -

& When you are
i lifting something

e oo L

¢ Standson tip L.m_..”._
toes

~ Load

% When lifting your he
8




g_ —
3. TORQUE 2 550 m

L. ) . L_.n.h_____..“
'he physical quantity which causes an objects Sk

rotate or move in a circle or( more generally)
n_::ﬁn its rate of rotation, is a Torque

(moment). Torque (moment) is not force. 2,2, & (.3 A1 |




.nlelc_ﬂu: S 1 1L eens
ystem 1S 1n an unstable mn:&&l:i m_ it §= no
to this equilibrium having been subject to a

small displacement.




w m m:a force :ﬂsm:% 90°.
SO Sl Clrwuzkuu\b

Hrn _qc_.nn arm (r) is the distance between the axis of
:xm:c: (fulcrum) to the point of force application.

ﬂ\r A

._,...._:.m:p@ Fr

The ::5 for ?3:& is (Newton X meter) Nm
- o




L s a vector quantity . the direction of the torque vector depends on the direction of the force on 1

=,

g

Hand Rule ).

ST

d

*




AP erated by external force .
' ¢- moving with uniform velocity
| d- moving uniformly in circular path

2- the largest torque happens in case
a- A

b-B (@)
c-C
d-D

3- what happen to the torque if the moment arm increase ?
a- the torque decrease with the length of the arm

b- the torque increase with the length of the arm

c- nothing happens since torque indepg_r}d;c'ﬁt of distance
d- the torque will equal zero

~ 1. 4
qirte
v

4 A class Flever has ™. . ..qor.....in the middle
a- effort

b- fulcrum
c- load

| 5-the -grcaté’r; the force , the larger will be the
a- center of mass '
iy Jue i



‘a- machine force

b- effort force all
c- resistance force . g

d- applied force

8- the meter-stick shown is balanced at equilibrium , at what pasition on the ettt

the 2N weight placed ? ’ phic.
$isn ¥ 0ol aeia s (._.-,..}m 4 yia JS) A daa gall Luaal)
. o :

patre-suck

a'u- 10cm
b-70cm
¢- 20cm
d- 30cm

B



»

< SR

Third class levers'in the r:mq\.mm“vo@ A
I ® Produce speed & range of motion movements - ~=— &~ |\
.oZowonm%mEmm mmut,kké.l_\_i*
"_._ mﬁ(ﬁabﬂmﬁbﬂéll@ﬁﬁm%&wmrk-
‘

® Requires a great deal of force to move even asmall

g _* , ~ 4 3 5 ) \ ﬂ\r_,..n\a__ -
resistance <A 2oV pedas o= s SR =
@ Most common in human body — most movements

produced by third class levers therefore movements
adapted more to speed

Standing leg curl

. ~ Bicep curl



mrwhw
Vi aﬂﬂthebaseufsurtare

ntr afgra\m:v passes through the base of support .’

Js¥l g sl adl g e Jhs
gaul'u b. A bottle opener
d. None of the above

HA gl gy e Jla

d All of the above

39- An exampfa of the 3rd class lever is: Bl & gl adl g 5 Ao JUa

a. Scissors |

& Forceps= tongs = tweezers J Laile ll

c. Pliers |
|

d. All of the above

il @-The mechamcal advanta
- ge of a lever is : o s 3
| = tosceton BVeNbY: e ASAL Sl

ffort arm length/load arm length
imh [a) and (b) are true ﬁt

L \§




pave around an axis of rotation: s oaa don ok Slada =

u . ' " 1 - -
re classified according to: ; ‘ ‘f""‘i = ?:I’-’f .
ngement of force, load and pivot ASE Yy a5 8 ) S 5

ections of magnitudes of force, load and axis of rotation.

15- Levers are classified according to: e 2l g ) sl ,
[o. The position of force, load and pivot | S5 Y g Jasll 55 48l a8 9o |
b. The magnitudes of force and load |
c. Directions of “ag‘n:;yd‘g%?f force, load and axis of rotation.

d. The lengths of force and loadarms

|\

16- In scissors, which strategy is used: bl Jll e g g (g a220s il i |

fa. 1st class lever ] |
b. 2nd class fever

c. 3rd class lever |
d. None of the above

17- When lifting your head, your neck works as a-
a. 1st class lever
2nd class lever
class lever

one of the above

ad g 5 gl all ) ad i Lanic




s, the axis of rotation works a: < Dl S e a8l g M B

.,
it :'-Lf"' =
:‘: A 9

this equation (?2?=load/force), you can calculate: s (Say 33U Aslad) je

.* [| a. The mechanical advantage of any lever |4SsSuall 550l
| b-Thetorque - -
i c‘ The force An, Il
d. The type o\“fevw %, |

| 22 From this equation (#7?=force arm/load arm), you can calculate |
A s Sy A0 Aslaal) (e |

EThe mechamcal advantage of any lever ]«-Suiiull sl

b. The fi r unit area

E.‘ ThE fOfCE'“

E: » then the lever might be:
0555 Aad) )1 o aal n \
rznddass -:L_gda__}-t_a ‘-ﬁ.uls.u] GJ.I.LI:\'I _,_,S.;Ln:.u:.

r3rd class
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S =5 Wl (VT

Inn—_m-_am_ E_cnﬁnan (MA]

It is the ratio of force Hm_ﬁo..s arm to

| resistance (load) armsE el o a5l gl A
%_.fh.li - NPT

._.
N |

Force
Force \|oad

N

: Fulcrum m Fulcrum /,
m j e |
' om 3 class: M p.n_

i class: MA o . w

%‘E mnwc \??vﬂrh%k
4 i K.‘v;m\.tu\Lw\




. The farce passes throu h the axis of rotation
b The force is normal to the axis of rotation

c. The force is so small
d. The force is inclined to the axis of rotation

a. 90 |
b. 45 - |

_ " L || #
la .-*‘ (Iarge rock) weighting 600 N on a long bar. He uses a fulcrum \

the point whare th‘bbar touches the rock. What is the minimum force (F) must \
be exerted to lift the rock rf the distance between the man and the fulcrum is 3 m?
wMIUﬁL,muJDUIUﬁIaniLaJhSUYHLu# e 0,4 4dlese 25 150 600 x\_a..;d.isc._.-a_gja-_)

SN da ) |

firl =f2r2 s |
600x0.4=12x3 v L I.
600x0.4 b .
= f2 Gdm £ % 3'm |

3




\ fﬁﬁﬁgnd is seated 1.5 m
e fulcrum. What is the

' 50- Two children balance on a weightless seesaw. One WEid 0
I from the fulcrum. The second is seated 2 m on the other side of

f the second child )? il |
L 25y 3ns) 0 2 3nit A 5 AV 0 1,5 3nny 160455 I5¥! G ga ) o O T Ol

a. 160N 160x1.5 = f2 x 2

b. 80 N . |
| c. 250N P
d. 120N ° I - .
51- in the first class lever is VA osadafe sl S |
a- the load is between the fulcrum and the effort _ x5 |
[b-the fulcrum is between the load and the effort | @ sill g Jaall s caatial G4 5SS Y |
c- the effort is between the Ioa.g and the fulcrum |I
d- none of the above

A \Y

52- in the second class lever is s S e Sl '
| [a- the load is between the fulcrum and the effort 5 gl J S5 Y G caatiall 3 Jaal) |
b-the fulcrum is between the load and the effort I'.

¢- the effort is. \between the load and the fulcrum
d— none of the above

S

-in the third class lever is oSl g gl g
kmf is between the fulcrum and the effort
fulcrum is between the load and the effort




he _ﬂﬁum \what i the body that result the highest torque
,_,%uw‘,m&a!uh%

59- the direction of the torque can be determined by:
a- knowing the direction of the force ﬁi%;!"'r ) | -
i b- knowing the direction of the force arm | //’
. | crighthand role - a2 6 | :
e d- left hand role

Sﬂ-the body is Saied to be in static equilibrium when it is \
OsS Laie (oS ) 500 Al 8 sl () S, |

ol s |
d— moving u rformly in circular path
|

61- when you igand on your toes, this is meaning that |

_: B cﬁa i Lai ¥ ' |
| a-itis equilibrium 3 alal e Gt lavie

M‘-"equiﬁbrium




- \tﬂ —t 1 sl A

4

e -

m===_=_=_ of levers in the human __._E

:_: the human body, all b

o

anes act as levers and each joint can serve

B When lifting qu. :mmn_ your neck works as 3 first-class lever.
....,”_h n“..\ .‘ }r.ﬂﬂnumu = Lo \{m {_wﬂvurf
~ ® When you ﬂm: <oc_,ﬂcmm€o~m2m.m_mwmnozn m_.m —m<m_1.

. E:m: you are __m_zm moﬂmﬁr_:@ your arm works as 3 _”_J__d-n_mmm

S5 A e \agrs am\xrdr.c &= D

_...4

R as a fulcrum. ), 1) ) S s ST I IES, Ve e s, mw:xruatb.f_.ﬁ

" ...l.l..r . “lll_

-



4- equilibrium is a general name include
a- dynamic equilibrium
b- static equilibrium
| c{both(a)and (b) |

d- none of the above

';'I 5- if a system return to equilibrium after it has been small displacement it will be in
ot 0SS Al s pa dal 1 aay o) FY M AU e 13

.'I a- equilibrium 4
b{ stable equilibrium Jidesa () 531
c- |

| d- motion

J| 6--ifasystem not return to equilibrium after it has been small displacement it will be in
S OsS A B e dal ) ang o FY) M AR ey A 13
a- equilibrium
b- stable equilibrium
c-{ unstable equilibrium] ey o)) 3l
d- motion




1 the force and the force arm

- unit of the torque is

on / meter

9~ the I:nrque is

WL Al |
5 |

'c-bathfajand(b}
d- none of the above

10-itis the pomt at whxch the object whole mass can be concentrated
| A S b 5555 ) Al o |

a- the ec’u.iili__brium

b- the torque

' t?:_{ the centre of gravity ] Jal S e

d-moment

;- | 11- The center of gravity of a person: LA GRS e

) located in his head
1anges according to its s:tuatloﬂ peadl Ba g cun ey
d near the foot '

e of the above
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on,

I/If Static _|" P o3 | Force arm E'. 5gall &) )
[ Equilibrium !' | g e
H' Dynamic | S0~ 03| Angle | 45
| Equilibrium | | |
Stationary = <l | Direction \| Qe
/|'| at rest | |l
Clock wise | < lee 2=

” Motion || aS

| I P WA

| Stable e I ¥ Counter ‘| e pSe |

h H Equilibrium clock wise '||
| Unstable | & O/ | Positive | e

|
| - |

H Equilibrium PEe |

. |
;'lg" Return 352 | Negative \1 Al
;"ll."i Torque = o Increase 2
| moment
Rotate =l Decrease ‘l Ja
Rotation ob;a | Center of | A& S w '*{j.ll
| mass

Center of K | Center of k Jadl S ye |




en Em fatation 15 cloci e Emu the tore

_m_uﬂm (according to the value of angle).
ﬂ\,.;l.t —br\u,: ....k_bb\ n&‘[ < F.ror\._ .n.lw ﬂ.\\\..»:nb

A o A < .
—veW tve N




ST

e

o~

 systems in which the torque (or moment) about a pivot is balanced.

14




Center of Mass

.Fr#
§ %. 4
4% |
¥4

Do:m.,:.:;

Conter of RMass

aACCox %& Inﬁ? .
stk on




An irregular shape 1s hung from one of its
always hang such that it’s
1s directly below the point

at which i1t is suspended. If i1t is at any other
always a torque produced

of the weight force that is

cormners. It will
centre of gravity

position, there is

by the component
~ perpendicular to the line joining the centre
- of gravity and the pivot point.
18
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AMPLE (THE PRINCIPAL OF MOM

I

1]
sl &
i

—————
1
L]
]
]
]
¥
1
L]
]
]
¥
L]
L]
L]
1
1
-

"} :

- e o o s a
)

®

Ibow joint as a lever. How much force

must the biceps muscle apply to the forcarm

,L.aﬁm_ﬁ_ a4 kg weight stationary m: the Tﬁﬂm\u.w s
B T e W e o s




e equilibrium when displaced , otherwise the object is called INSTABLE .

Dilsa 8 e dlld ji2 | diad e Sl GLEYT L age Ladie 5l S5 sSall O W) gy A Jls Ladie i puall G680

general , static stability occurs when the vertical line through the object center of gravity passes through
s base of support

prnd) 822l o anaall I8 S 5e e ad I ol e Ladie 3 Sl i S Gaaay < Ade Adaay



¢ rotation

e

, oS T gravity |
Axis of 5 gin T
| rotation Oy sall
!; Symmetric dm‘_“".:i_ Effort ' e
|Asymmetric Jilia e | Force 3 48
'Geometrical e=da S el Middle | i
center | |
| Lever Axdl ) ‘ Scissors | o=
| Rigid bar | <l=ky,i) Head '|| tf‘)
Fulcrum 5153;‘3-353 Wheel '|| e
: =pivot ‘ barrow '|| ;
~ 1 Load Jea | Forcipes | bl
s U Resistance iagie | Strengc’;h '.l ._'533
| Large S | Spee LR
| Small D ! equal | s\
|l Mechanical sl ‘ Bones aldac
ll advantage | S8 ‘
- Muscles <l |, great I
joints : !,




In equilibrium

Total anti clockwise moment = total clockwise moment
oo s
ac Ll »E.ﬁm,hb_ w..x.__ = delull L Jae (pSe c.E. wu..:




' A lever is cha

o

.n . “ " P P - ¥ .1 .hm....-
ulcrum pww_:ﬁ,%ﬂ,mmmﬁ_o 1 san S

e Load = The force to overcome ?mmmmam:n&.w

S

e Effort = Force exerted  @Js»d\asah - s a2\

de
: Resistance
__ -o_‘_omam:ﬂ )




= \ nnmw.hhu... _ﬂu.l\wrc r_.ﬂ.\c.ht._ D . @lweF) 2 S P G;E..V:r

In the Eoﬂo:m condition we ignore the mass ,Ucmw
‘But the force will produce a torque not ignore, at
cquilibrium, this force will be the gravitational
- force (weight), so the mass must be known. For the /
T - || purposc of calculations we can deal with the body
A of mass (w) as a point with mass w concentrated at /
- point. This point called center of mass or center of
gravity; is the point at which the object's whole

. mass can be considered to be concentrated. e =
= ok &zﬁbl)ﬂ%wlr!\vlbﬂll\ffb\u_ﬁlbp\rv/# f...r.luufhu,.nv.WImC n.w.\oltnunmb.:ﬂ.k‘bu

e =l 9\ vl SO R P Y S BRERP D
..(LFE.VL Qbkftﬂfu%b..ﬂ @Vm‘hb%u%nﬁb

) S (miLtn& = zhidl ooy

—_—

9/3/2016 15




# er effort can be used to advantage overa
arger weight. E.g. wheel barrow

. @ Give advantage of strength  So s ne l., -
. i Push up

=

4 s

—a

-

-

c o I uﬁ uhm

-~
=
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