Notes CH.(5): Force and Motion I (i)

Newton s laws

—
/ Newton’s 1° law \ / Newton’s 2" law \ / Newton s 3" law \

Free =0 Fret = =XF =m a Foction = — Freactlon
D F, =0, YF, =0 (equal in magnitudes and
Yy = =
Fretx Fy may opposite in directions)
LGJ u'mJ equilibrium) ¢33 s b 4l sl G _ _
) ( i le).: j.—l:ﬁ ‘?A . . }:U Fnet,y B Fy - m ay |Faction| = |Freaction|
(Sl pusnl) -1 - .
b= 0 o) G Ladls ¢ lusdl o1l F F 4
] 9 a = O - .
- - L;ﬂ‘ 1
>3 v =Constant net
F2 - = F1 ol S Al -3 \ /
S = Lk (558 40 ganae
Fl —Fz =0 \ /
The force is vector quantity, has both magnitude and direction : ddll
oLy jdie Wb dgomis 805 344l The unit of force is the Newton (N). 1 N = 1 kg m/s’

[F(N)=m(kg) x a (m/s’)]

A mass is scalar quantity il 35 1S The unit of weight is Newton (N)
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Exp. (1): Three forces act on a particle of mass (m): F_1> =80i+60j and F_2>=4Oi+100j. If the particle moves with constant speed of 4m/s. then F_3> is
(a) 80i+60j (b) 80i-60j (c) -80i+60j (d)-120i -160j

Solution:

v= constant = a=0 = l_fnet =0

F_1>+ F_2> + F_3> =0

PF=-F-F,
= - (80i+60j) — (40i+100j)=(-80-40)i + (-60-100)j
= -120i -160j

Exp. (2): Two forces Fl) =20i (N) and F; =48j (N) are applied to move a 2 kg box. Find the magnitude and direction of the acceleration.
Solution:
Foo=ma 2 F+F,=ma
20i+48j=2a = a= 10i+24j

The magnitude of a =|a| = \faZ + a% =V10? + 24%=26 m/s’
The direction ofa =» 6 =tan™?! Z—y
12670

10

= tan

Exp. (3): Only two Forces are acting on a particle of mass 2 kg that moves with an acceleration of 3m/s” in the positive direction of y- axis. If
F_1> = 8i (N), the magnitude of F_2> is
(a) 12N (b) 10N (c) 17N (d)I5N
Solution:
m=2kg, a=3j , F;=8i, F,=72??
Fi+F,=ma
8i+ F,=2x3j
F, = -8i +6j
|F,| = V82 + 62=10N
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Exp. (4): Two forces act upon a 5.0 kg box. One of the forces is F, = (6.0 i + 8.0j) N. If the box moves at a constant velocity of (1.6 i+1.2

j) m/s , what is the second force?
Solution:

V= constant = a=0
F,+F,=0 > F/ =-F, =-60i-80j

Exp. (5):There are three forces on the 2 kg box shown in the figure. If the box moves with constant acceleration d = 3i — 4j. Find F;

. F5=30N
F,=20N & F, = 20i
F,=30N, 0=30 30N~ Fi=20N
Fyy = - 30 cos(30) = -26, F,, =30sin(30)=15 & F, = —26i + 15j
YF=ma Fs
F,+FE +F=md
(20i) + (—26i +_}5j)+E’ =2 x (3i — 4j) P3N LR,
(—6i + 15j) + F; = (6i — 8))
F, = (6i — 8)) - (—6i + 15)) = (12i — 23j) 300 fa=20N
|F3] = V122 + 232=26 N Fax
0 = tan~! 2= tan~123- Fs
3x 12

Exp. (6): A force accelerates a Skg particle from rest to a speed of 12 m/s in 4s. What is the magnitude of this force?
Solution:

m= 5kg, vo= 0 (rest), v=12 m/s, t=4s, F=77?
3 sl Al (SU g ) 818 addu
F=mxa

’d\w\@ihﬁt)w\uug}
Gl e Hlaall ) oS Ladie AS Hall S alas pladinly g bl dad aa g3 @l
v=vo+at=>12=0+ax (4)
a=12/4=3 m/s’
Sl
F=ma=5x3=15N
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AV Ag Al
Up: y-axis I Cpaall 48 jal)
LFx =0 Right:+x-axis
LFy= +No. ZF; =+No.
LF,=10
Alide o 5l (Sl —
P Stationary/ v:const. .
-X¢ F, =0 > +X
' XF=0
Joll 48
left: -x-axis
LF, =-No. Jlu 48 jall
LF,=0 Down: - y-axis
l LF; =0
LF,=-No.

_v“'

Exp. (7):In which figure of the following the particle moves up if it starts from rest?

(a) (b)

46N 8N
6N 1 3N 5N [ 1 oSN

2N 3N
YaN 4N

Solution:

Up= + y-axis = ZF =0, XF,= + NO.

(a) (b)

YF, =3-6=-3 2F, =5-5=0

2F,= 6-2-4=0 2F,= 8-3-4=+1

©

3N

1K1Y
V4N

©
YF, =3-3=0
YF,= 5-1-4=0

Y

(d)
“7Nﬂ
2N [ 3N
13ng
Y4aN9|
(d)
YF, =3-2=+1

SF,= 7-3-4=0
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Exp. (8):In which figure of the following the y-component of the net Force is zero?
(@) (b) (© (d)
16N 6N 15N 7N
2 I . L 2N 3N 2N [—] 3N 2N 3N
42N 3N 42N 2N
14N aN 14N aN
Solution:
2F,=0.
(a) (b) (© (d)
YF,=6-2-4=0 YF= 6-3-4=-1 YF=5-2-4=-1 YF=7-2-4=+1
Exp. (9): In which figure of the following the particle moves with constant velocity?
(a) (b) (©) (d)
16N 6N 5N N
23 i L 2N 3N 3N 3N 2N 3N
3N 1N 2N
14N aN aN 4N
Solution:
v= constant = a=0 =>» XF, =0, ZF=0.
(a) (b) (© (d)
YF, =3-2=+1 YF, =3-2=-1 ¥F, =3-3=0 YF, =3-2=1
YF,=6-2-4=0 YF= 6-3-4=-1 YF,=5-1-4=0 YF=7-2-4=+1
Exp. (10):In the figure the net force on the block is:
(a) 1N-right (b) 6N- up (c)2N - left (d) 4N- down 46N
Solution: 2N [ 3N
YF, =3-2=+1 (+ x-axis = to right) B !
2F,= 6-2-4=0 42N

Y4N
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Exp. (12):There are three forces on the 2 kg box shown in the figure. If the box moves with constant acceleration @ = 3i — 4j. Find F:.;.(
compare solution with Exp. (5))
For x-axis:
F>=30N . F F,=30N

2F,=m a, ? & :
Fix + Fox + F5x = m a 30°y 1 F1=20N 30°Y" 1 Fi1=20N
20 -30 cos(30) + F5x =2 x (3) Fax i

F;=12N . -

X F

For y-axis: Fs ’

2F,=ma,
Fly + F2y + F_o,y =m ay
0+ 30sin(30) + F3y =2 x (-4)
F3,=-23 N
Exp. (13): Sample problem (5-1) P. 93:
(a) (b) (c)

___Flp Fz ~ F')1 F2
L M e A e ————
F, - - Fy
FBD . — X D F2 Fy
> +X .
F, F; cos@
FBD N +X
=F3 sinB F3
X-axis X-axis X-axis
F, =ma, F, -F,=ma, + F3 cos (30) — F,=ma,
2
= = 2= F1-F2 4-2 F3 cos (30) - F2 1cos30-2

ay = Fi/m = 4/0.2= 20 m/s _ ¢ ) _ =10 m/s> = ( (30)-F2) _ - 57

The force accelerates the puck in
the positive direction of the x-axis

X m 0.2

The force accelerates the puck in
the positive direction of the x-axis

) m 0.2
m/s
The force accelerates the puck in the
negative direction of the x-axis
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Exp. (14): As shown in the figure (1), a force of 45 N is applied to move a 4 kg box
up an inclined plane. If the box starts from rest, find its speed after 2 s. Calculate the
normal force, Fx.

Solution:
F=45N, m=4kg, Vo =0, t=2s (a)v=?? (b) Fy=?7?
A< Al e (e de puadl e
v=Vy +at =21
: SIS AS Al (5 s (il 8 adio g ol Aad sy
((2) JSa 3 LS)(3 gl 5 sl adall 5 58) 5 yaU yuall s (dall 5 58)5 allall (s il Jiiai -1
35‘);5‘ blA_B\J Jju‘ Adan -2
((3) ISl & LeS) LS ja () (2l 3 58) alilal) (5 s8l) JIni -3
st Ol 8 aladinly A4S all ¥ alee QIS5 -4
(x-axis)=» mgsin@—F=-ma >2
(y-axis)=» Fy-mgcos =0 =3
Y saleall (e &)L..ul\ dad ol
From (2) 4x9.8 sin(50) —45=-4xa = a=3.74 m/s’
Aol ol 1 28 Aalaall b g ol
v=3.74x2=7.5m/s

(b) from (3) Fy=mg cosB =4x9.8 cos(50)=25.2N
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Exp. (15): As shown in the figure (1), a force F (makes an angle of 20 ) is applied to move a 4 kg
box up an inclined plane. If the box moves with constant velocity, find the normal force, Fx.

(1) Jsa

Solution:
F=??, ¢=20°, m=4kg,  Fy=??
V= constant =» a=0
;L“;L"AISZ\SJJ CA el Qy\ﬁaqsﬁwd@a}ad\zjﬂ\wa@}!}
((2) IS & LS)(3 sl 5 58l adall 5 58) 5,00 il s (adall 5 58)s_allall (s ) e -1
35‘);5‘ blA_B‘J ‘)Ju‘ sy -9
((3) JSal) 8 WaS) LeilS pa ) (a8l 368 — dall 3 8) alilall (g 8l s -3 6500
O gt 058 aladinly A Al Y alee iESH -4 d&'ﬁ\ﬁ
(x-axis)=» mg sin® —F cosp =0 =>1 (2) iy @
(y-axis)=> Fsing + Fy-mgcos® =0 =2 = E sind \ "
(1) s Asbeal) 3 (g sl 13 pball 5 8 i loom i 43 gaed) 5 580 Al lasn) i BRI a4y
From (1)
4x9.8x sin (50)- F cos(20)=0 =» F=32N
Faa sanll 5l Clual 2 a8 Aslaall 3 g gall
From (2)
32 x sin (20) + Fy - 4x9.8x cos (50)=0 =» Fy=14.3N
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Exp. (16): A block of mass my is placed on a frictionless inclined plane. This plane is angled 0 degrees above horizontal. The block is connected by an
ideal, massless cord and frictionless, massless pulley to a second block of mass mg which hangs vertically near the end of the inclined plane. Write the

motion equations If (1) block A and B are stationary (2) Block B moves down  (3) Block B moves up
S ) S 1Y) (1) diuY & A%y (B) awadl S 131 (2) Y d Al (B) pwadl Gl 13 (3)
y/ e 45 Al slast
n _ﬂ/ L_
y a
(S
1
+a
'FgB
For ma:(x-axis)=» T —mj, gsin 6 =0 For ma:(x-axis)=» T—mj gsin® =m, a For ma:(x-axis)=» T —mj, gsin® =-m, a
(y-axis)=» Fy\-mpygcos©=0 (y-axis)=» Fy-mpy g cos =0 (y-axis)=» Fy-mpy g cosB=0
For mg: (y-axis)=» T—m;g g=0 For mg: (y-axis)= T—mg g=-mg a For mg: (y-axis)= T—mg g=+ mg a
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. ~ 30 07 T.sin 20 # T. sin 30

Exp. (17): The mass M of the suspended block in \\;\ 1/ ? !

the figure 50kg, and the mass is in equilibrium. £ : 30 30

What are the tension T; and T, M o T

-T, €05 20'2 39 H___aﬂo___f T, cos 30
(x-axis) = T, cos 30 - T, cos 20=0 M
I

(y-axis) T, sin 30 + T, sin 20- Mg =0 N}g
Exp. (18): A traffic light weighing 1.00 x10* N hangs from a vertical cable Exp. (19): Two objects of mass m; and my, with m, > m;, are
tied to two other cables that are fastened to a support, as in Figure . The upper connected by a light, inextensible cord and hung over a
cables make angles of 6; = 39.0° and 6, = 51.0° with the horizontal. Find the frictionless pulley, as in Figure. Both cord and pulley have
tension in each of the three cables. negligible mass. Find the magnitude of the acceleration of the

system and the tension in the cord.

T4

x m,

a filg

—r = wn .
a) 1 g

Mo iy
I ng'

{a) (h) {c) {a) (b)
From Fig. (b): Ts- F =0 From Fig. (b): (only y-axis)
From Fig. (C): (x-axis) =» T,cos 0, - T, cos 6, =0 Formi=2T-mg=+mya
(y-axis) =»T;sin 0; + T, sin 6,- T3 =0 For m;=T-mg =-mya

=
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Exp. (20): block of mass m; rests on a table and is attached by a string that runs over a frictionless, massless pulley, to a second block of mass m; (see
figure). The blocks are at rest. What is the tension T in the string?

OSba Y1 aad) S 13 JA ALY anal) g cprasd) ) ey J ¥ amad) oS 13)
ga = d FN xgs = 3 e = @
T o —> FN

Fg

F
l;_J;_.... d 9

: g [

For m;: (x-axis)=» T=0 For my: (x-axis)=» T=+m; a

(y-axis)=>» F\-m; g =0 (y-axis)=>» F\-m; g =0

For m,: (y-axis)®» T-m, g=0 For my: (y-axis)=» T-m, g =-+m, a
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Exp. (21): Sample problem (5-5) P. 101:

) Jse 1

JSaN 3 L) (A genll 8 sl 2301 5 58 ~codadl 5 58) 5_alla el (558 Jiiai -1
((2)
‘\S);j\ el..;j\} )}lAA]\ s -9
((3) Jsill (8 LaS) LealsS jo ) (2l 3 68) alilall (558l Jlai -3
st Ol 5B aladinls A all ¥ abae S -4
(x-axis)=» T -mg sinB = ma 2
(y-axis)=>» Fy-mgcosb =0 =3
4:1.1&\ B.JtM]‘ UA &)Lmﬁ\ :‘\.Agﬂ g_al.a.n;
From (2) 25- 4x9.8sin(30) =5xa = a=0.1 m/s’

Exp. (22): I n the figure two blocks are connected by a rope and pulled on a horizontal
table by a force with a magnitude of .20N. If the Mass m =6 kg and M = 8 kg. Find the
tension in the rope and the acceleration

(1) dsa
m=6 kg, M=8kg, F=20N, a=?? T=?/
el Jsaall e (3-2 JSAl A LS) Cpanall o 5 S55all ol Jias
For m

SFh=ma, = T=ma (1) (2) Jes
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For M

SF=Ma, & F-T=Ma (2)

2 &1 ol

F-ma==Ma

F=(m+M)a = a=F/(m+M)=20/(6+8)=1.33 m/s
1 Aalrall (8 (m gxi 2l A ol

T=6x1.33=7.98N

(3) Jsa

m; h
Fnet=ZF =aZm

=a(m; + my)

Fgp =myg

Fgo =my g

When F is applied and two masses move together

Fnet=ZF =aZm

=a (my; + my)

Fg1 =myg

Foo=(m;+my) g
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Exp. (23): From the figure m;=20 kg and m, =10 kg. The force acting to accelerate the two
bodies by 2 m/s?, the force is: >
(a) 60 N (b) 6.0 N (c)600 N (d)0.06 N M

Solution:
F=(m; +m, ) a=(20+10)x(2)=60 N

Exp. (24): A constant force of 46 N is applied at an angle of 60° to a block A of a mass 10 Kg as
shown in the figure. Block A pushes another block B of mass 36 Kg. (Assume the blocks are on a
frictionless surface) the total acceleration of the blocks along the x-axis is.

(@a)1.5m/s*>  (b)0.25m/s> (c)0.5m/s*> (d)1m/s* (e)2m/s*
Solution:

ma=10kg, ms=36Kkg, =60, F=46N

on x-axis:

SF=aim =» Fcos B=ax (ma+mg)

Fcos@
map+mp

_ 46c0560

=0.5 m/s?
10+36

Exp. (25): Two blocks having masses of 2 kg and 3 kg are in contact on a fixed smooth inclined
plane as in Figure. Calculate the force F that will accelerate the blocks up the incline with
acceleration of 2m/s?,
Solution

N We can replace the two blocks by an equivalent 5 kg block as
shown in Figure

kel slipeill gdga
www.hazemsakeek.co

the resultant force on the system (the two blocks) in the x direction
gives
mg cos37 ZFX =F- mg sin (370) =1m ax

mg F-50.8)=52) 2 F=394N

Vi
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Exp. (26): The horizontal surface is frictionless. If m;=2kg, m,=4 kg and F=7.8 N,
(1) find the magnitude of the force exerted(#s2l)) by the block m; on the block m..
Solution: L h
S (g (38 aladiuly Al 5 Cpanall Ll dad aa 3 Y -
Fr=aim =2 F=(m;=m,)xa .
7.8= (2+4)xa = a=7.8/6=1.3 m/s’ (1) J8&
(R 0538 Gadaty el 5 (3 JSE 3 S) 2 aual) e 3 S50l (5 8l e aa g3 &5 Fys Foq —
Fa=F;1=m;a=4x1.3=5.2 N " a
(2) find the magnitude of the force exerted by the m; on the block m;. (2) &
s 8 Gy @ll3 g (3 S 8 LeS) 1 a3 55 5all (5l a3 58 Fiz | p a—
-, — 2
F-Fi;=ma
7.8-F;=2x1.3 (3)ds:.,

FR =F12 =7.8 -2.6=5.2N
| Fal=1Fz |

Exp. (27): Two boxes m;=10 kg and m,=15 kg,
(1)the gravitational force on m; is

(a)25 N (b)245 N (c)2450 N (d)5N

Solution:
Fg2 = (Mg + my ) g= (10+15) x 9.8= 245N

(2) the gravitational force on my is:

(a)0.98 N (b)9.8 N (c)98 O N (d)98 N

Solution:
Fg1 = m; g= 10 x 9.8= 98N

(3) The bottom box is pushed with a force F. The two boxes move together with acceleration of 2 m/s?, the horizontal

force Fis
(a)20N (b)50N (c)30N (d)5N (e)8N
m; =10 kg, m,=15Kkg, a=2 m/s?, F=7???

3F=aIm = F=2x (10+15)= 50N




Ola b el 24
Problems:

1-  In SI units a force is numerically equal to the ——_ when the force is applied to it.

A. velocity of the standard kilogram
speed of the standard kilogram
velocity of any object

acceleration of the standard kilogram
acceleration of any ohject

MU O w

ans: D
2- A newton iz the force:
of gravity on a 1kg hody
of gravity on a 1g hody
that gives a 1g body an acceleration of 1-::m}.--*'s;~2
that gives a 1 kg body an acceleration of 1 mj..-"s2

MU oW e

that gives a 1kg body an acceleration of 9.8 m}.--"ss2
ans: D

3-  DMass differs from weight in that:

A. all objects have weight but some lack mass
B. weight is a force and mass is not
C. the mass of an object is always more than its weight
D. mass can he expressed only in the metric system
E. there is no difference
ans: B
4-  The block shown moves with constant velocity on a horizontal surface. Two of the forces on

it are shown. A frictional force exerted by the surface is the only other horizontal force on the
block. The frictional force is:

3N 5N
—~— —

SRRV RVRVUVNNVVNNVRNRNNRNNY

0

2N, leftward

2N, rightward

slightly more than 2N, leftward
slightly less than 2 N, leftward

MY QW

ans: B
5- A car travels east at constant velocity, The net force on the car is:
A. east
west
up
down

MU O w

Zero

ans: E



10-

Ola b el 25

A constant force of 8.0 N 15 exerted for 4.0 s on a 16-keg object initially at rest. The change in
speed of this object will he:

MO

0.5m/s
2m/s
4m/s
8m/s
32m/s

ans: B

A 6-kg object is moving south. A net force of 12 N north on it results in the object having an
acceleration of:

MO0 W

2 mr-“'sg., north
2 mf-“'sg._ south
6111{.-"'52._ north
18 mf.-"sg. north
18 m;"sg. south

ans: A

A 25-kg crate is pushed across a frictionless horizontal floor with a force of 20N, directed 20°
helow the horizontal. The acceleration of the crate 1s:

MY aw e

0.27 m,.-*'s2
0.75 mf.-"'s2
0.80m /s’
170 m/s”
470 m/s 2

ans: B

A ball with a weight of 1.5 N is thrown at an angle of 30° above the horizontal with an initial
speed of 12m/s. At its highest point, the net force on the hall is:

MO OWE

9.8 N, 30° below horizontal
ZETo

08N, up

0.8N, down

1.5 N, down

ans: E

A 1000-kg elevator is rising and its speed is increasing at 3m/s”. The tension force of the cable
on the elevator is:

MO0

6800 N
1000N
3000 N
9800 N
12800N

ans: E
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When a 25-kg crate 1s pushed across a frictionless horizontal floor with a force of 200 N, directed
20° below the horizontal, the magnitude of the normal force of the floor on the crate 1s:

25N
68N
180N
250N
310N

ans: E

MO oW

A block slides down a frictionless plane that makes an angle of 30° with the horizontal. The
acceleration of the block is:

980 cmjsz

566 1:*1"11,.--"52

849 {‘111,.-"'52

zero

490 cm/s”

ans: E

A 25-N crate slides down a frictionless incline that is 25° above the horizontal. The magnitude
of the normal force of the incline on the crate is:

11N

23N

25N

100N

220N

ans: B

SRRl

SESRol-F=

A 25-N crate is held at rest on a frictionless incline by a force that is parallel to the incline. If
the incline is 25° above the horizental the magnitude of the applied force is:

4.1IN
46N
89N
11N
23N

ans: D

MU 0w

Two blocks are connected by a string and pulley as shown. Assuming that the string and pulley
are massless, the magnitude of the acceleration of each block 1s:

LAY IS

90 g

110¢
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A 0.040m/s”
B. 0.020m/s”
C. 0.0098m/s?
D. 0.54m/s’
E. 0.98m/s’

ans: E

27

A T0-N block and a 35-N block are connected by a string as shown. If the pulley is massless
and the surface is frictionless, the magnitude of the acceleration of the 35-N block is:

TON

(7777777777 7777

1.6m/s
3.3m/s
4.9m/s
6.7m/s
9.8m/s

ans: B

MU oW e
SV T S T T O T ]

pulley

35N

Two blocks, weighing 250 N and 350 N, respectively, are connected by a string that passes over
a massless pulley as shown. The tension in the string is:

VISP IIIIINIii

350N
A, 210N
B. 200N
C. 410N
D. 500N
E. 4900N

ans: B

250 N
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Three books (X, Y, and Z) rest on a table. The weight of each book is indicated. The net force
acting on hook Y is:

AN
5N |
7 10N

\_/if/ LA 7 /.f,/z’f'.f///"/_l

X
|

v

A, 4N down

B. 5N up

. 9N down

D. zero

L. nomne of these

ans: D)

Three books (X, Y, and Z} rest on a table. The weight of each book is indicated. The force of
book Z on book Y is:

X 4N

Y| AN |
z 10N |
j-“//mu’a’f .f/rr’ff.f/f////.u’/i’_[

A0

B. 3N
. ON
D, 1IN
E. 19N

ans:

Two blocks with masses m and M are pushed along a horizontal frictionless surface by a
horizontal applied force F' as shown. The magnitude of the force of either of these blocks on
the olher is:

M

T

RN Y

A mFE/(m+ M)
B. mIi/M
C. mF/(M —m)
D. MEF/(M +m)
E. MF/m

ans: A

Two hlocks (A and B) are in contact on a horizontal frictionless surface. A 36-N constant force
is applied to A as shown. The magnitude of the force of A on B is:

ma =4.0kg
36 N A B mp = 20kg
R L A S L A R A S SRR

A 15N
B. 6.0N
C. 20N
D. 30N
E. 36N

ans: D
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