DIRECTED ACTIVITIES IN PHYSICSL1 --- SERIE 04 --- CHAPTER 03

EXERCISE 01

A body of mass m= 3 Kg suspends by three cords, as illustrated in the figure:
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If the angles a¢and B formed by cords 1 and 2 with the horizontal plane are % and g

respectively, find the tension force of the three cords.

Solution
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—

(Tl = Ticosa 1+ Tysina J
4?2 =—T, cosp i+ T,sinf j
F’3:—7137
Ty +T,+T'5=0 = Tycosa i+ Tysina j— T, cosp T+ Tysinf j— T3 J=0
(T, cosa — T, cosB) T+ (Tysina + Tysinf — T3)j=0
V3 T,

N 2 2
[Ty sina + T,sinf — T;=0 |7 +T2\/§

Ticosa— T, cosff =0

\ 2 T2 ~ 570
( T3\/§
T, = T\V3 = = 25.46N
TW3 =T, TW3 =T, S 2

T, TiV3V3 =3T; 3T = 9

Loy =T, (= +— =T,

2 2 2 2 ;
\ T, ===147N

EXERCISE 02

A billet with a mass of 5 g is launched from rest and reached a velocity of 200 m/s at the exit of

handgun barrel of 8 cm length .

1- Assuming that the acceleration of the bullet is constant inside the barrel, calculate the
acceleration of the bullet.

2- Calculate the force applied to the bullet that causes this acceleration.

Solution
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1- Since the bullet's motion is straight and uniformly varied with constant acceleration, we can

write the motion equations of this bullet:

1 2
x=-at’+vyt+x
{ 2 0 Owherev0=0%and Xo=0

v=at+v,
t >t d ! t? ! (v)2
v=at >t=— andx =—a = x =— —
2 2 a
2 2
X=— D>a=—
2a 2x

x is the length of the gun = 8cm =0.08m

_ (200)°

— 2
@ = 55 = 2500000 m/s

2- The applied force
F=mxXa=0.005X% 2500000 = 12500 N

EXERCISE 03

A small ball of mass 10 g is suspended by a massless thread from the roof of a truck at rest.

1- Calculate the angle 6 made by the thread when the truck is moving with an acceleration of 3

m/s?

, Determine the value of the thread tension.

2- Calculate the angle 6 made by the thread when the truck is moving with a constant speed of

50 m/s , Determine the value of the thread tension.

Solution
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1- Calculating the angle 8 made by the thread when the truck is moving with an acceleration of 3

m/s?, and determining the thread tension value

( P=-mgJ]
Zﬁext =ma@ = P+T=ma where 4?= T sin@7T + T cosOF

l

—-mgj +T sin0T+ T cos@ T =mal = T sin0T+ (T cos6 —mg)j =mat

[

]|

=a

{ T sinf =ma {Tsinezma T sind  ma 4 3
= = = = =tanf =—=—
T cos@ —mg =0 T cosB =mg T cos® mg g 98
6 =17.0°
mg 0.01x9.8
T cos@=mg =T = =0.103 N

cos 6 - 0.95

2- Calculating the angle 0 made by the thread when the truck is moving with a constant
speed of 50 m/s , and determining the thread tension value

in this case the acceleration is zero (a’ = W)since the truck is moving at a constant

velocity

( P= -mgJ

Fee =0 = P+T =0 where !Tz T sin@7T + T cosO7F

8|

=07

—-mgJj +T sin0T+ T cos@ 7T =0T = TsinOT + (T cos® —mg)j =0T
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T sin6 =0 sin@ =0 6=0
= :>{ :>{
T cos8 —mg =20 T cos8 =mg T =mg =0.098 N
EXERCISE 04

A block of 20 g slides without friction from the highest point of a Surface of a hemisphere of

radius R (as shown in the figure), starting at position My at timet =0 s.

1. represent the forces acting on the body at positions My and M.

2. Using Cartesian coordinates (xy), write the position vector, instantaneous velocity, and
acceleration of the body, then calculate their magnitudes.

3. Using Cartesian coordinates (xy), write the analytical expression for each force at the
point M.

4. Write the velocity as a function of g R and cos 0, then deduce the formula for the normal
force.

5. Calculate the angle at which the body stops touching the surface of the sphere.

6. Re-answer all the previous questions using the polar coordinates (r, 6).
Solution

1- Representing the forces acting on the body at positions Mg and M.

(the forces acting on the block are: the gravitational force (the weigh force) P (vertical towards

the centre of the earth), and the normal force N (perpendicular to the surface)
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2- Writing the position, instantaneous velocity, and instantaneous acceleration vectors of

the body using Cartesian coordinates (xy).
- Position vector

Xy = Rsin@

OM=7=xyi+yy/ = = OM =7 =Rsinf T+ RcosO]
Vyy = Rcos@

||W|| =7 = ,/(RsinB)? + (RcosH)? = /(R)? (cos?0 + sin?60) =R
- Velocity vector

L dr dxy , dyy._,
]:—:—l

ac - at ‘tar

vx=W=xM=ERc059=9Rcose
=
vyzwzyMz—ERmnH:—HRsmH
5= Reoso 1= L RsingT = RO cosd T— RO sin6T
v=—-Rcost i— ——Rsinfj = Rbcosb i sin@j

1P|l =v = \/(RQ cos 9)2 + (—R6 sin 9)2 = J(Ré)z (cos26 + sin%@) = RO

- Acceleration vector
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dv, . d(6R cos 6)
- -» - d“}) dvx -» dvy-.» Ax = dt =W = dt
e T T T i _dv, . d(~6Rsin6)
y T ae T T dt
d(6R cos @ d(6 . d(Rcos@ .. .
( ax=¥=Rcost9 ()+9 ( )=Rc0599—R025in0
dt dt dt
d(— 6R sin6 d(8) .d(Rsin@ ) :
ay=¥=—Rsin9 ( )—9 ( )=—Rsin99—R02c050
dt dt dt

d = (RO cos® —RO?sin0)i + (—RH sin® — RO? cos O)

lld|l = a = \/(Ré cos O — RO? sin 0)2 + (—Ré sin® — RO2 cos 9)2

a= [(R6)" +(R62)"
3- Writing the analytical expression for each force at the point M using Cartesian coordinates
(xy).
P=-mgJ

N=Nsin6 i+Ncos67F

4- Writing the velocity as a function of g R and cos6

—

Zﬁm =ma = P+N=ma
Nsin I+ Ncos8] —mgJ =m(RO cos 6 — RO sin )i+ m(—R6 sin® — RH? cos )]

Nsinf = m(Ré cos 9 — Rt'92 sin 6)

N cos8 = m(—ROsin@ — Rt'92 cos 0) —mg

By multiplying both sides of the 1% equations by cos 6 , and both sides of the 2" equation by

sin@ , we get:
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cosONsin® = cos0mRO cos 6 — cos 6 mRO* sin 0

sin® N cos 0 = sin® mg — sin® mR6 sin6 — sin 6 mR&’” cos O
cos # MR cos  — cos @ mRA?sinf = sinf mg — sind mRO sin@ — sin mRH? cos O
sin@ mRA sin@ + cos MR cos § = sinf mg — sin® mRO? cos O + cos @ mRO?* sin @
mRO(sin? @ + cos? @) = sinf mg + mRO?(—sinO cos O + cos @ sinh)

sin®?0 +cos?6 =1
. dé
RO =sinf g :>RE=sin9g

dae . v Rdv dv
Notethat — = 0 =— = ——=sinf g > —=sinf g
dt R Rdt dt

By multiplying both sides of last equation by d6

dv deo
deo E=gsin9 do =>dvE=gsin0 df = vdv =Rgsin6 df

v 0
1
jvdv=j Rgsin @ do :E v? = [-Rg cos0]§ = Rg (1 — cos )
0 0

v= \/2Rg (1 — cos 0)
* Deducing the formula for the normal force.
Nsin@® = mR6O cos  — mRO? sin
note that RO =sin@ g = Nsinf = mgsinf cos ® — mROH?sin

. e . v v
N =mg cos 8 — mR6? Notethataz =2 = N=mg cost9—mR(E)2
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N =mg cos@—%vz note that v = \/ZRg (1 —cosB)

N =mg cosH—%ZRg (1—cosfO) >N=mg cosf—2mg (1—cos0)

N=mg (cos0—-2+2cos@)=mg (—2+3cos0)

5- Calculate the angle at which the body stops touching the surface of the sphere.

2
N:O=mg(—2+3c059):>—2+3c059:0:>30059=2:>0059=§ =0 =48°

6- Re-answer all the previous questions using the polar coordinates (r, 6).

a- Writing the position, instantaneous velocity, and instantaneous acceleration vectors of the
body, using Cartesian coordinates (r, 6).

- Position vector

OM =R1,
- Velocity vector
dR
S _df _dR_ dil, T S_dF_ o do
= —=— —_— —1 N = = — = _— =
Ve T ac T di, do_ VT dt “agte T U
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- Acceleration vector

do do
dv _dRgrue) de_ d(R) _dod(id,) __ 4

T dt arTar TVar ar Mg
( dR
EZO
L% d6n
dt de ’
oy d%
| () ==

d=—ROOU, +Rugd =—RO?U, + RO U,

b- Writing the analytical expression for each force at the point M using Cartesian coordinates (r,
0).

N=N1i,
p=—Pcosf U, — Psinf iy
C- Writing the velocity as a function of g R and cos0

-

Zﬁext —m@ > P+N=ma
N, — PcosO i, — Psinfuy = —mR6O* U, + mRO Uy
(N — Pcos) U, — Psin0%y = —m RO” 1, + mRO U,

N —Pcos@ = —mR6?
=

—Psind = mRO

N = P cos @ — m RO?

) " do
—Psinf = mRO = RO =sinf g :>RE=sin9 g
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de . v Rdv dv
Notethat — = 0 == =2 ——=sinf g > —=sinf g
dt R Rdt dt

By multiplying both sides of last equation by d6

dv deo
do Ezgsin@ do :dvzzgsinH df > vdv =Rgsin6 df

v 0
1
fvdv=f Rgsin@ do zi v? = [-Rgcos6]§ = Rg (1 — cos )
0 0

V= \/ZRg (1 —-cosB)
* Deducing the formula for the normal force
N —Pcosf = —-mR6O? = N = Pcosf —mR6?

Ntthtd—é—v=>N— 2] Rz
ote tha FriniAl- =mg cos m(R)

m
N =mg cosH—Ev2 note that v = JZRg (1 —-cosB)

N =mg cose—%ZRg (1—cosf) >N =mg cos§ —2mg (1 —cos0)

N=mg (cos@ —2+2cosf)=mg(—2+3cos8)

5- Calculate the angle at which the body stops touching the surface of the sphere.

2
N=O=mg(—2+3c:050):—2+3€050=O=>36059=2=>c050=§ = 0 = 48°

EXERCISE 05

A basketball player, standing 2 meters tall, throws a ball at an angle of 30°, as shown in the
figure. The basket is 3 meters above the ground and 6 meters away from the player.
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1. Study the motion of this ball and write the time-dependent equations that describe its motion.

2. Find the velocity required for the ball to reach the basket? And how long does it take to reach
the basket?

3. Write the equation of a basketball's trajectory, then find the maximum height the ball can

reach.

4. If the player throws the ball at initial velocity = 10 m/s at an angle of 45°, find the distance at

which he must be positioned for the ball to go into the basket.
Solution

1- Writing the time-dependent equations that describe its motion.

ZFM =ma = P=ma =>-mgj=ma =ma, 7 +ma,j
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a=-gJj
dv  d d ddix_o
— - v Vy - Vy - -
a=a,l+a, E=dtl+d_tyj__g]:"dyy
i
Vy t
dv, = 0dt LdvﬁLOdt Uy = Vg, =0
=>[ = vyx" , =
dv, = —g dt lf dvy=f—gdt vy = Uy, = —gt
Uy 0
voV3
Ux = Vxy = vycosf = 0
. Vo
v, = —gt +vy0=—gt+vosm9=—gt+?
_,_170\/§ﬁ Vo
V= > l+(—gt+?)]
U—le+vy] E_El E > L+(—gt+7)]
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b t
((dx _vyV3 ( V3 ( de:f voV3 dt
—= dx = dt 2
=>< dt 2 = 2 = X0 tO
dy 40 Vo Y Vo
e —gt+=  |dy=(-gt+=)dt = (=gt + 22
g = 9t + y ( gt+- ) Lmdy .L ( gt + z)cu
vo\/§ ( Uo\/§
X —Xg = t X = t +XO
:’{ g 2 ﬁ{ 1
o — 2, Yo _ 1.2,
V- =-79t"+t (y=-5gt"+—t+y

According to the given data, at the momentt=0s xo=0m andyo=2m

{( x=v02\/§t
\

_ 1 2+ 2042
y="39v 75

So the equations of motion for the basketball are as follows:

( voV3 1 %
Fe=xT+ y] =——tT+ (—gt2+=t+2)T
2 2 2
{ 5 - voV3 Vo \ -
V=0U1+ 7V, ] = > L+(—gt+?)
\ a=a,l+a,j=—49j

2- Finding the velocity required for the ball to reach the basket

To reach the basket which has a height of 3 meters, the ball must cover a distance of 6 meters.

voV3 12
6 = t ot=
2 170\/§
1 12 vy 12 72
3=—= 24— +2 59— =6V3-3
Zg(vo\/g) 2 Uo\/§ g 1]20
2,=98 7z 9.7 m/
v = Y. = %Y./ m/s
0 673 — 3

* Finding the time taken by the basketball to reach the basket

To reach the basket which has a height of 3 meters, the ball must cover a distance of 6 meters.
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. 12 12 0.7
p— —_— — . S
voV3  9.7+/3
3- Writing the equation of a basketball's trajectory,
2x
t =
U()\/§
1 (Zx )2+v0 2x 42 29 2+x+2
= —_ _ = = — X —_—
YET2INWE T 2 v 3 Y= T3 73
29 , x
= - xX“+—=+2
Y 3% V3
*Finding the maximum height the ball can reach.
Vo Vo Vo
= = - e = — = —
v, =0 gt + > gt > t 29
1 Vo 2 Vo 170) 1720 1720
= ——g(— —|=— 22y=——+—4+2=3.2
y=739G 15 (Zg FePY=Tgy T ag T m

4- Finding the distance at which he must be positioned for the ball to go into the basket, in case

when the player If the player throws the ball at initial velocity vy = 6 m/s

_dx

) R . dif dx _ dy._ vx—azvocose
v=vx1+vyjzazal+a = dy
vy=a=—gt +v, = —gt+v,sinb
d
_x:UOcosg dx = vycosf dt
@ z{
d—jtl=—gt+vosin9 dy =(—gt+vysind)dt
r X t
fdx=Jv0c059 dt
X0 0
=>4 .y ;
Lf dy=J(—gt+vosin9 )dt
Yo 0
X —Xyg=vgcosOt X =vycoslt + xg
= 1 =

1
y=—Yo=—5gt +vsinft |y=--gt? +vysinft+y
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According to the given data, at the momentt =0s xo=0m andyo=2m

X =vgcosOt
1

y=—§gt2+vosin9t+2

To reach the basket, the ball must arrive at the coordinates of the basket (x, 3). Therefore we

can write:
T V2
leOtcos(Z) {x=10t7=5w/2t
1 T :{ 1
— 42 in(— NG
3= th +8tsm(4)+2 kl:_zgt2+5 5t

1
—Egt2+5\/?t—1=0

A=30.36 =+VA = 5.51,t = 1.28s
x=5vV2 t=9.07m

EXERCISE 06

A small ball of mass 10 g is suspended by a massless thread from the roof as shown in the

following figure:

1- Using both methods, demonstrate that the differential equation for the motion of a simple

pendulum is as follows:

§+%6=0

a- The first method involves using polar coordinates and Newton's second law.

b- The second method employs Cartesian coordinates and the angular momentum theorem .



DIRECTED ACTIVITIES IN PHYSICSL1 --- SERIE 04 --- CHAPTER 03

Solution

a- The first method involves using polar coordinates and Newton's second law.

T - | =>%_az(ﬁ/i)_laza:_ do . _ . _d@W) _ d0 .  doduy
Bl VETae T ar  ac T Tt M T T dr
di;  do
dt dr T

a=10u, —10%u,
R L P=PcosOu, — Psin0u,
ZFext =ma = P+T=ma where
T=Tw
Pcos@u — Psin@ug +Tu, =mléu, —mlo*u,
mlf =—Psind
—mlé? =T + P cos 6

or small values of angle 9 = sin 6 ~ 6

mlf + Psinf =0 :>(9'+%9=0

b- The second method employs Cartesian coordinates and the angular momentum theorem
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By Applying the angular momentum theorem:

dLq Ny e o
= ) T (F) =3, (P) + 3, (7)

the vector OM = xi+ y j= Isin@ i+ [ cos 6]

,_doM _do . do .
V= I dr cos@ i i sin@j

the forces applied to the mass m are the weight P and the tension T, their expressions in the

polar coordinates are given as :
P=mgJ
T=—Tsin07— T cosOF
By Applying the angular momentum theorem:

dLq Nl e ey o
T Zi Mi/o(F) = M; /o(P) + M; /O(T)

3, o(F) = O AP

3, o(F) = O A T

Mi/Q(P)=0MAP= Isinf lcos@

0 mg

o O X
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lcos@ O
mg

k—lmgsmek

|lsin9 lcosO]| -
o/ 0 myg

Mi/o(T) =O0OMAT = | [sin6 lcos@ O
—T sin@ —T cos6 O

lcosB | lsinH | lsin@ lcos@ —0K
— —T sin@ —T cos@
Liy=0MAP = OMAmMD
i )i k
2 _ M AD — [sin@ lcos@ 0
L/O—OM/\P—de | , 0 R
It ml cos It ml sin
lcosB 0 lsin@ 0 lsin@ lcos@ ~
= | do 7—|d6 j+|do dae .|k
—— mlsing 0 — mlcosf 0 — mlcos@ ——ml sin6
dt dt dt dt
5 de de - de -
L/Oz(—amlz sin20+Emlzcoszt9)k=—Eml2k
- d9 7
dL/() _ d(_% m lz k) _ l d20 k lZH k
dc dt STmb g rETm

—m 20k =lmgsin6k= —mi*d =1lmgsin6

For small values of angle 8 = sin 8 ~ 6

9+l—l‘ie—o =>9+“‘Z9_0

EXERCISE 07

The position vector of a body weighing 2 kg is given as follows.
OM = (2 + 4t +3)T + (2O + (t + Dk

1- Find the mathematical expressions for:
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The velocity

The acceleration

The linear momentum
The applied force

The torque of this force

The angular momentum

2- Calculate the derivative of the linear momentum with respect to time, and state your

conclusions.

3- Calculate the derivative of the angular momentum with respect to time, and state your

conclusions from these calculations.
Solution

* The velocity

dOM _ d((¢? + 4t + 3)T + (2t + (¢t + 3)k)

= - =Qt+4)T+4tT +k
- The acceleration
L db d(Qt+AT+ AtT+k) L
a= a = T =20 +4j
& The linear momentum
P=m = 2((2t+4)?+4t7+?) = (4t+8)T+8t7+2k
* The applied force

F=md=2Q7+4])= 47 +87

- The torque of this force
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7 7k

Fi/o(F)=01V1/\F= t24+4t+3 2t2 t+3

4 8 0
. 2t t+3 t?+4t+3 t+3 t2+4t+3 2t7|
M; /O(F) = [ — Jj+ k
8 0 4 0 4 8
= (—8t—24)T + (-4t —12)] + (32t + 24) k
* The angular momentum

2. Ly=O0OMAP=|t2+4t+3 2t2 t+3
4t+8 8t 2

2t2 t+3 t2+4t+3 t+3 t2+4t+3 2t?

-

k

-»

- j+

8t 2 4t + 8 2 4t + 8 8t

= (—4t2 =24 0) T+ (—2t2 — 12t — 18)] + (16t% + 240) k

2- Calculate the derivative of the linear momentum with respect to time, and state your

conclusions.

dP  d((4t+8)T +8t7+2k
AP _d((e4 8T 487 +2K) Lo
dt dt

we conclude that:

3- Calculate the derivative of the angular momentum with respect to time, and state your

conclusions from these calculations.

Al  d((—4t2 =24 O) T + (=2t2 — 12t — 18)] + (16t% + 24t) k)
dt dt
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= (-8t —24)T + (-4t — 12)] + (32t + 24) k

we conclude that:



