Benha University W Final 2" Term Exam
Faculty of Engineering- Shoubra \ Date: 31/ 5 /2014
Mathematics and Engineering Titel:Mechanics

Physics Department Code: ENP 012
Year: Preparatory Duration : 4 hours

e Answer all the following questions ¢ No. of Questions:...6..
e Illustrate your answers with sketches when necessary. e Total Mark: 120.... Marks
e The exam. consists of two pages

Question No. 1 (20 Marks) [a;-a,-b,] I Py

(a) Three forces act on the shown rod . Determine the resultant
moment at the point (0 ), and determine the direction of this
moment axis .

F; = (—60,40,20)Ib , F, = (0,50,0)lb , F5; = (80,40, —30)lb .
2]
B

( 10 marks) X

Fs

N

10N

5N
(b) A rectangular block is acted upon by the five forces y 5N

shown , which are directed along the edges. Reduce the 30 m
system of forces to :

1.aforceand a coupleat (0)
2. awrench ( specify its pitch and axis) (10 marks) 0

v

20mm

Question No. 2 (20 Marks)[a;-b,] «E—5N

10N 40m m >

.(a) Using the method of sections , determine
the force in indicated menbers for the given
truss . (10 marks)

3m

E
B\ [C D_Q

A \ A N
5%N  10KN 5%N

< 4*3m=12m >

(b) The homogeneous plate shown in fig. has a

weight W =981 N , and is subjected to a force and

a couple moment M =200 N.m along its edge . It is

supprted in a horizontal plane by means of a roller

at A, aball and socket at B, and a cord at C .

Determine the components of reactions at supports
(10 marks)
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Question No. 3 (20 Marks)[a;-a,-bs] y L,

Locate the centroid of the bent wire shownin fig. |  j-=tme
Ls

60

Question No. 4 (20 Marks)[a;-a,-¢4]

(a) A point describes a circle of equation : r =2 a cos 0, and of radius (a) with uniform

2 2
speed v . Show that the radial and transverse accelerations are — "; cos 0 ,— % sinf ,a
diameter is taken as initial line and one end of the diameter as the pole. (10 marks)

(b) A particle is projected with velocity (u) , so that the range on the horizontal plane is twice
2
the gratest height . Prove that the range is % (10 marks)

Question No. 5 (20 Marks)[a;-b,-c1-d4]

A particle of mass (m) is suspended from a fixed point (A) by an elastic string of natural
length ( L), and modulus of elasticity (4 m g ), prove that the maximum depth is (2 L)
downward the point (A) , Also prove that the time needed to cover this distance is :

\E V2 + g + %sin‘1 G)]

Question No. 6 (20 Marks)[a;-a,-bs-c4-d]

(a) If the force F = (y% + 2xy)i + (2xy + x2)j , find :
1. the work done by this force along the broken line (0,0) to (2,0) and from (2,0) to (2,4)
2. verify that the potential function of this force is : U (x,y) = - (xy? + x?y) +¢ (10 marks)

(b) A particle is attached to the end of a string of length (a) is projected horizontally with
velocity ./nga . Prove that it rises to a height "T“ a before the string become slack .
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Benha University
Faculty of Engineering- Shoubra
Mathematics and Engineering
Physics Department
Year: Preparatory

Final 2" Term Exam
Date: 31/ 5 /2014
Titel:Mechanics
Code: ENP 012
Duration : 4 hours

e Answer all the following questions
e Illustrate your answers with sketches when necessary.
e The exam. consists of two pages

¢ No. of Questions:...6..
e Total Mark: 120.... Marks

Question No. 1 (20 Marks) [a;-a,-b,]

(a) Three forces act on the shown rod . Determine the resultant

moment at the point (0 ), and determine the direction of this

moment axis .

F; = (—60,40,20)Ib , F, = (0,50,0)lb , F5; = (80,40, —30)lb
( 10 marks)

F, = (-60,40,20)Ib

F, =(0,50,0)Ib
F, = (80,40, -30)Ib
M, =OAxF, +OAxF, +OBxF,
M =OAx(F, +F,) +OBxF,
[ T I T T
Mo=[0 5 O0[+/4 5 =2
—60 90 20| [80 40 -30

M, = (100,0,300) + (~70,-40,-240)
M, = (30,-40,60)Ib. ft

o]

M = /(30)? + (—40)% + (60)* =10/61lb. ft

vl M,  (30,—40,60) (3,-4,6)
° M, 1061 6L
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(b) A rectangular block is acted upon by the five forces
shown , which are directed along the edges. Reduce the
system of forces to :

1.aforceand acoupleat (0)

2. awrench ( specify its pitch and axis) (10 marks)

F, =(~10,0,0)N
F, =(0,-5,0)N
F, =(0,0,-5)N
F, =(0,5,0)N
F. =(10,0,0)N
R =(-10,0,-5)N
[ T I T
Mo, =0+[20 40 0[+[20 40 30
0 50 |0 0 -5
Y R
+/0 0 30[+|0 40 30
05 0/ 10 0 O

M, =(0,0,-100) + (200,100, 0)

+(~150,0,0) + (0,300, —400)

M, = (-350,200,-500)N.m

R = {/(~10) + (0) + (-5)* =5+2N
_ReM, _ (-10,0,-5) « (-350,200,-500)

S= 5 =48m
R 125
R LT
f=—-Y0,jR=—[-10 0 -5|+4R
R 125
—-350 200 500

L 1000,6750,-2000) + 1R
125
= (8,54,~16) + A(~10,0,-5)
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Question No. 2 (20 Marks)[a;-b,]

H |G F
.(a) Using the method of sections , determine ’
the force in indicated menbers for the given
truss . (10 marks)
A \ E
B\ [C b ()
5XN  10KN 5N

4*3m=12m

A

X,=0,Y, =Y, =10KN
sec.: S-S, left
DY =0
F
10+ —%:0
Fre =15v2KN(T)
> M, =0
~(10)(3) - Fsc (3)=0
Fsc =—10KN(C)
> X =0
10+152 x = + Foe =0

2

F.. =—-5KN(C)
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(b) The homogeneous plate shown in fig. has a
weight W =981 N , and is subjected to a force and
a couple moment M =200 N.m along its edge . It is
supprted in a horizontal plane by means of a roller
at A, aball and socketat B, and a cord at C .
Determine the components of reactions at supports

( 10 marks)
X=0—->B,=0
Y=0-B, =0

Z=0—A +B,+T =981IN

M =0—>-A(4)+981(2)=0
A, =490.5N

M, =0

—200- A, (6)-B,(6) +981(3) =0
B,=0

T =490.5N
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Question No. 3 (20 Marks)[a;-a,-bs]

Locate the centroid of the bent wire shown in fig.

L, =75mm, G, =(53,53)mm
L, =157mm, G, = (156,138)mm
L, =122mm, G, = (236.5,70.4)mm

X = %(75><53+157x156+122><236.5) =161.9mm

Y = %(75x53+157x138+122x 70.4) = 96.7mm
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Question No. 4 (20 Marks)[a;-a,-C4]

(a) A point describes a circle of equation : r =2 a cos 0, and of radius (a) with uniform
2 2

speed v . Show that the radial and transverse accelerations are — % cos 0 ,— % sinf ,a

diameter is taken as initial line and one end of the diameter as the pole . (10 marks)

V, =-vsind

V, =vcosd

r=-vsing

ré =vcosd
vCcosd \Y;

= =—=constant
2acosd 2a

(1] L] V V2
r=-vcosdxf=-vcosdx(—)=——cosd
2a 2a
(1] .2 2 2 2
a=r-ro :—V—c059—2acose(v—2) ——Y coso
2a 4a a

2

a,=r0+2r0=04+2(-vsinO)(—) = sing
2a a
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(b) A particle is projected with velocity (u) , so that the range on the horizontal plane is twice
2
the gratest height . Prove that the range is % (10 marks)

R =2h
2u’sinacosa 2u25in2a
g 29
2c0Sa =Sina
tan05=l
2
R=2uzsinacosa
g
1 2
Ul x——x—
TS
g 2Ys)
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Question No. 5 (20 Marks)[a;-by-C4-d4]

A particle of mass (m) is suspended from a fixed point (A) by an elastic string of natural
length ( L) , and modulus of elasticity (4 m g ), prove that the maximum depth is (2 L)
downward the point (A) , Also prove that the time needed to cover this distance is :

\E V2 + ; + %Sin‘1 G)]

In the static position:
To= (L — L) =mg —»mg =22 AL > AL = *
Motion from a—b
v =v?+2gh=2gL - v, =,/2gL
2L

Vp =4+ gt = \J2g9L = gt - typ = r

Motion from b—c
Mg-T=mX
-%[X+AL] +mg = mX

-%X—mg+mg=mX

—%X = mX
—%X =mX

.. 4
X=-=2X=-w?X
4
w= |2
L

Ath: v? = w?[A%? — X?]
29L="2[4% — (4L)?]




A=2L
ad= L+ (L\) +(3L\) =2 L

tab:\/i\/g

0= wt

T . 11
Zysin12=2 |2 t
2 3 \’L

L L R
> g(2+sm 3)

T= \/%[\/7+%+%sin‘1 (%)]

tha =
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Question No. 6 (20 Marks)[a;-a,-bs-c1-d4]

(a) If the force F = (y2 + 2xy)i + (2xy + x2)j , find :
1. the work done by this force along the broken line (0,0) to (2,0) and from (2,0) to (2,4)
2. verify that the potential function of this force is : U (x,y) = - (xy? + xX’y) + ¢ (10 marks)




(2,0)

1= [0 [V 209 +(2xy +X7) jledr

(2,0) 2 A oy 2 .
= [(y®+2xy)i+(2xy +x°) j](dxi+dy j)

(0,0)

= [y [0C) (0 =0

(0,0)

W, = [y + 209+ @ry+x7) o O

(2,0
(24)

= [ LY* +4Y)i+ (4y +4) 1o (dy ])
=2y’ +4y); =32+16 =148

oF
oF, =2y +2X,—L =2y +2X
OX
oF,  OoF, ,
.. —% =—=—coservative
oy oX

ouU ) ou
FF=——> Yy +2xy=—-—
T Y Y=

U :—J(yz +2xy)ox = —(y* X+ x2y) + T (y)
—(2xy+x)+ f'=—2xy+x*) > f'=0
f(y)=C

U =—(y’x+x%y)+C

(b) A particle is attached to the end of a string of length () is projected horizontally with
velocity \,/nga . Prove that it rises to a height "T” a before the string become slack .
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%mvé —%mvi =-mgh

Vi —nga=-2gh
Vi =nga—2g(a+acosd)
at,B:

mv;
mg cosf = —2

a
Vi = gacosd
gacosd =nga—2g(a+acosd)
3cosfd=n-2
cos@:n;z

3

n-2 3a+na-2a a+na 1+n
h=a+a = = =

3 3 3 3
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Final 2" Term Exam
Date: 12/ 6 /2015
Title:Mechanics
Code: EMP 012

Benha University
Faculty of Engineering- Shoubra
Mathematics and Engineering
Physics Department

Year: Preparatory Duration : 4 hours

e Answer all the following questions ¢ No. of Questions:...6..

e Illustrate your answers with sketches when necessary. e Total Mark: 120.... Marks

e The exam. consists of three pages

Question No. 1 (20 Marks) [a;-a,-b,] T
200N.m

1. The plate shown in fig.of weight (1000 N) and dimensions pe c >
(2m*3m) is supported at (A) on a roller and ball-and-socket at(B) . 00

A rope at (C) lifts the plate. If the shown acting loads and plate are
in equilibrium, determine reactions at supports and also the
tension in the rope

5 m 3m
B
JA 2m
. X
Question No. 2 (20 Marks)[a;-b4] 4 c
Z
B
é 5m
(a) Replace the set of forces and couples i
shown by awrench at (0) . A : ?
F1=30N 0,'_ ........... I Y A _y>
F2 =20 N F: 7
M; =20v106 N.m | 12m
M, = 156 N.m (10 marks ) [
X F 9m E
y

(b) Determine the centroid for the
shown area . (10 marks)

Semi circle !

150 cm
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Question No. 3 (20 Marks)[a;-a,-bs]

) ) P P P P p
Determine forces in marked members for
the shown truss.
P=100 N v v \d Ve P
2m U -1
B
< 2m*4=8m >
Question No. 4 (20 Marks)[a;-a,-C4] -
A A A
In the system shown , determine the velocity and 1
acceleration of block (2) at the instant. Knowing that:
X, =6m\sec.T , X;=2m\sec?! [1]
X; =3m\sec.T , X;=4m\sec? | \ 3
2
v

Question No. 5 (20 Marks)[a;-by-C4-d4]

A light elastic string of natural length (L) has one extremity fixed at point (A) and the
other end is attached to a stone , the weight of which in equilibrium position would extend
the string to a length (L,). Shoe that if the stone be dropped from rest at A , it will come to

instantaneous rest at a depth /le — L% below the equilibrium position and this depth

attained in time

2L | - (Ll—L)
\/;+ p [t — cos L1+L]
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Question No. 6 (20 Marks)[a;-a,-bs-c4-d]

(a) The 10 kg block in the figure rests on the smooth S=2m
inclined plane . If the spring is originally stretched \
0.5 m . Determine the total work done by all the

forces acting on the block When a horizontal force
P=400 N pushes the block up the plane S=2m ,

( K=30N\m) , 6=30°

(b) A square table ABCD whose side is (a) , has raised edges. A
particle of elasticity (e) is projected from a point (p) on A\B and
hits the sides AB, BC, CD and DA at Q, R and S . Prove that PQ
and RS are parallel. If (o) be the angle QPB and BP=x , prve that
if the particle returns to P, then:

X(1-e)=a(1-e cot a) .

gladll cliadl) aa
2015-6- 12 Ji pay daaa, 3 — 2w Ao Craa ) e 3
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Benha University W Final 2" Term Exam
Faculty of Engineering- Shoubra \ Date: 12/ 6 /2015
Mathematics and Engineering Title:Mechanics

Physics Department Code: ENP 012

Year: Preparatory Duration : 4 hours
e Answer all the following questions ¢ No. of Questions:...6..
e Illustrate your answers with sketches when necessary. e Total Mark: 120.... Marks
e The exam. consists of three pages
Question No. 1 (20 Marks) [a;-a,-b,] T
200N.m
1. The plate shown in fig.of weight (1000 N) and dimensions pe c >

(2m*3m) is supported at (A) on a roller and ball-and-socket at(B) . 00
A rope at (C) lifts the plate. If the shown acting loads and plate are

in equilibrium, determine reactions at supports and also the

tension in the rope

Solution:

X=0 — Bx=0

Y=0— BY:0

Z=0— Az+Bz+T=1400 N ------- (1)

Mcg=0 — -Az(2)+400(2)+1000(1)=0 — Az=900 N
My=0 — -200-Az(3)-Bz(3)+400(1.5)+1000(1.5)=0
-200-2700-3Bz+600+1500=0 — B=-266.7 N

Eq. (1)— T=233.333 N
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Question No. 2 (20 Marks)[a;-b4] 1, c
B .
é 5m
(a) Replace the set of forces and couples i
shown by awrench at (0) . A : 2
F1 =30 N O,'_ ___________________ _)‘
F,=20N 4 <
M; =20 V106 N.m 2.7 2 m
M, = 156 N.m (10 marks ) \
X F 9m E
Splution:
F4=30(12,9,0)\15=(24,18,0) N
F,=(0,0,-20) N
Mi=20106(0,9,-5)\ V106_=(0,180,-100) N.m
M,=156(12,0,-5)\13=(144,0,-60) N.m
R=(24,18,-20) N — R=36 N
— ij ok ik
Mo=(0,180,-100)+(144,0,-60)+| 0 0 5|+|12 0 0
— 24 18 ol lo 0 -20
Mo=(144,180,-160)+(-90,120,0)+(0,240,0)=(54,540,-160) N.m

_(24,18,—20).(54,540,—160)

S & =10.96 m
— i j k )
r :% X 24 18 20| = m X (7920,2760,11988)
54 540 -160

_>
r=(6.09,2.12,9.22) m
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(b) Determine the centroid for the
shown area . (10 marks)

Semi circle

Solution:

A;=150*90=13500 cm?

A,=0.5*150*30=2250 cm?

A3=0.5*3.14*(45)*=3179 cm?

A=18929 cm®
X=(1118929)*[13500*75+2250*100-3179*19]=62 cm
Y=(1\18929)*[13500*45+2250*100+3179*45]=52 cm

150 cm

—_—D

{k
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Question No. 3 (20 Marks)[a;-a,-bs]

Determine forces in marked members for
the shown truss.
P=100 N

Solution:

X=0—Bx=100N
Ma=0—By(8)-100(2+4+6+8)+100(2)=0—By=225 N
Y=0—Ay+225=500—Ay=275 N

Jt (B): Y=0—F;=-225 N (comp.)

Jt (C): Y=0— F,=-100 N (comp.)

Section (S;): Y=0—F3+275-100=0—F3=175 N (comp.)

2m

A

P P
Cvy
//
\S1
2m*4=8m

v
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Question No. 4 (20 Marks)[a;-a,-C4] _

an
A A A
In the system shown , determine the velocity and 1
acceleration of block (2) at the instant. Knowing that: {
X, =6m\sec.T , X;=2m\sec?! [1]
X; =3m\sec.T , X;=4m\sec? | \ 3
2
. \ 4
Solution o o
X+ Xi=constant— X +X; =0,X+ X, =0 v
X = —6m\sec. ,X = 2m\sec? [ 2]

X, —X+X3-X=constant— X,+Xs3-2X=constant
X, +X;-2X=0, X, +X;-2X=0

At this instant:

X, +3-2(-6)=0, X, +(-4)—-2(2)=0

X, = —15m\sec , X, = 8 m\sec?
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Question No. 5 (20 Marks)[a;-b,-c1-d4]

A light elastic string of natural length (L) has one extremity fixed at point (A) and the
other end is attached to a stone , the weight of which in equilibrium position would extend
the string to a length (L,). Shoe that if the stone be dropped from rest at A , it will come to

instantaneous rest at a depth /le — L2 below the equilibrium position and this depth
attained in time

E ’Ll -L _ -1 (L1-L
\/; + g [n cos (L1 +L)]

Solution:
In the static position:

1
To=z(L1 —L)=mg —A = :—iL

Motion from a—b
v =vi+2gh =2gL > v, =./2gL
Vp = Vs + gt = J29L = gt > typ = ZJTL
Motion from b—c
Mg-T=mX
-%[X+L1—L] +mg = mX
-%X—mg+mg = mX
—2x =mi
L

m e
9 ¥ =mX
Li—L

X=——"2_X=—-w2X
Li-L

g
Li—L

Atb: v = w?[4%? — X?]
Zgl—zﬁ [47 — (L, — L)?]

w =

2LL,_ 212 = A®> — I3 + 2LL, — L?

A=1Z-12

0= wt
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Question No. 6 (20 Marks)[a;-a,-bs-c1-dq]

(a) The 10 kg block in the figure rests on the smooth S=2m
inclined plane . If the spring is originally stretched \
0.5 m . Determine the total work done by all the

forces acting on the block When a horizontal force
P=400 N pushes the block up the plane S=2m ,

( K=30N\m) , 0=30°

Solution:

Uw=-10%9.81*2*sin30 = - 98.1 joule
Up =400*2*cos30 = 692.8 joule

Us = 0.5*30%[(0.5)2 —(2.5)] = -90 joule
Ur=-98.1 +692.8 — 90 = 504.7 joule




(b) A square table ABCD whose side is (a) , has raised edges. A
particle of elasticity (e) is projected from a point (p) on A\B and
hits the sides AB, BC, CD and DA at Q, R and S . Prove that PQ
and RS are parallel. If (o) be the angle QPB and BP=x, prve that

if the particle returns to P, then:
X(1-e)=a(1-e cot a) .

Solution:
At Q: cotf = ecota

At R: coty = ecot(90 — B) = etanf = tana —» y = 90 —a - PQ\\RS

At S: cotd = ecot(90 — y) = etany = ecota

tana:@:@eQB:xtana
BP
QC a-QB
tan f==——-= — RC =(a—QB)cot
B=2c="Re (a—QB)cot 5
RC =(a—xtana)ecota = aecota — xe
RD a-RC
tany=——= — DS =(a—RC)cot
’=Ds " Ds ( )coty
DS =(a—aecota +xe)tana =atana —ae+ xetan
DA 1 a-DS a-atana+ae—xetana
tand =—— = =
AP ecotaa a-X a—x

a—X =aecota —ae + ae’ cot o — xe’
xe’ —x = aecota —ae+ae’cota —a
x(e* —1) =aecota(1+e)—a(l+e)
x(e-1)(e+1) =(1+e)(aecota —a)
x(e-1)=a(ecota —1)
X(l-e)=a(l—ecota)

S
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Benha University

Faculty of Engineering- Shoubra
Mathematics and Engineering

Physics Department
Year: Preparatory

Final 2" Term Exam
Date: 12/ 6 /2016
Titel:Mechanics
Code: EMP 012
Duration : 4 hours

e Answer all the following questions

e Illustrate your answers with sketches when necessary.

e The exam. consists of three pages

¢ No. of Questions:...6..
e Total Mark: 120.... Marks

Question No. 1 (20 Marks) [a;-a,-b,]

The light rigid L - shaped member ABC is
supported by a ball and —socket joint at A and by
three cables. Determined the tension in each cable
and the reaction at A caused by the 5 KN load

applied at G

Page 1\12

z Fy
A

3.00m

b
150 m




(0,-3,1.25)
3.25

-2

3.25

37 '3

3.25
W = (0,0,-5)

R=0= x,wﬁ
3.2

3 3

5TS

_; (0,-31.25)

(1.25,-3,0)

0

3

Ya—

1.25
3.25

Z)

325 '
T4

1.25
3.25

3.25 °

T325 3
=291 410=0

M,=0= Mge(-j)=0
(ﬁxﬁ+ExW)0(j,)\=0

i j K ||| 7 K
(-1.5 0 0 [+[-0.75 0 0f)e(j)=0
3 1.25 0 0 -5
0 T aoE 2 Aop 2
325 % 3.5

1.875_ 1.875

0,==>T, =—>T,)+(0,-3.75,0 0
[( 325 2 308 2)+( e (i) =
@T ~375=0=T,=65KN
3.25
M, =0=M,ei=0
M, =DBxT, + DC xT, + DG xW

i i K || i ] k| |i j k
=|-125 3 0 |+]-425 3 0[+-2 3 0

o .3 1.25 0 -6 25 |0 0 -5

325" 325"

_E&h 1,1 5626 l,3'75T1)+(7.5,10.625,25.5)+(—15, ~10,0)

3.25 Y 325 325
ﬁT 75-15=0= 3£T 75=T, =6.5KN
3.25 3.25
M,=0=M,ek=0
M, = ABxT, + AC xT, + ADxT, + AG xW

i] k|1 ] k|| i K| i ] K
=0 3 0|+-15 3 0|+[125 0 0[+-075 0 0
0 6 25 |0 62525 3 |0 05
325 325
0+9—ﬂT +0=0=T,=7.8KN
3.25
Page 2112 X = ~19.5KN,Y, =19.2KN, Z, = -5KN




Question No. 2 (20 Marks)[a;-b4]

A

50t

~

(a) Determine the reactions at the supports f >
for the shown beam . The radius of friction

circle at the hinge Ais 10 cm .

4m

2m

2m

(10 marks) <

X=0= X, =30t

Y=0=Y,+Y, =80t

M,=0=M, +Y;(8)-160-240=0
M, +8Y, =400

M, =0.1R, =0.1,/000+Y,%
0.1,/900+Y,Z +8(80-Y,) = 400
0.1,/900+Y,Z +640-8Y, = 400
0.1,/900+Y,? = -240+8Y,
J900+Y,2 = —2400+80Y,

900+Y,” = 5760000 — 384000Y, +6400Y,°
6399Y,2 —384000Y,, + 5759100 = 0
Y,? —60.009Y, +900=0
60 +/3601.1-4(900)
A =
2
Y, =30.5t,Y, =49.5t, M, =42.78mt

<
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(b) Determine the centroid for the s 1
shown area . (10 marks)
160|cm
1p0 cm
v X
Page 1\3 90 cm 90 cm

A

A =180x100 =18000cm’

A - %xlSOx 60 = 5400cm’

A - %x 7 (45)? = 3179cm’

A =18000+5400-3179 = 20221cm?

X = L[lsooox90+54oox60—3179><135]

20221
1 [1620000 + 324000 —429165] = 74.9cm
20221
= 1
20221
-1 [900000 + 648000 — 60401] = 73.6cm
20221

[18000x50+5400%x120—-3179x19]
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Question No. 3 (20 Marks)[a;-a,-bs]

Determine forces in marked members for
the shown truss.

P=5t

v

A

X=0=X.=0
M,=0=Y.(12)-5(3)-5(6)-5(9) =0
12Y. =15+30+45=90

Y. =75t=Y, =75t

Jt(A):
Fu =0
Jt(E):

YE - FEF
Sec.S—S

Y=0=>

L _0= Fo. = 7.5\/2t(tens.)

N
left:
Y, —5+T,c x L =0=T,. =—5/2t(comp)

VA
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Question No. 4 (20 Marks)[a;-a,-¢4]

(a) A particle is projected from a certain point. It is noticed that its range on the
horizontal plane which passes through the point of projection is equal to three times the
maximum height above the point of projection , and its velocity after two seconds from the
projection is equal to velocity of projection , find the velocity of projection and find also the
position of the particle after 5 seconds from the beginning of motion .

R=3h
Vo sin2a 3v02 sin® a
9 29

] 3.,
23|nac03a:§sm a

tan05=ﬂ
3

2y, sina
9
4
Vo (g) =32

T 2

v, =40 ft\sec
X =1v, cosx
when:t=5

X = 5(40)(%) =120 ft

y:tvosinoz—1 gt’
2
when:t=5

y= 5(40)(3) - % (32)(5)* =240 ft
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(b )A 35-Kg block is supported by the spring arrangement shown. The

block is moved vertically downward from its equilibrium position &
and released. Knowing that the amplitude of the resulting motion = 16 kN/m
is 4.5 cm. knowing that (g= 9.81 m/s?). '
Determine:
35 kg

(a) Vertical displacement in each spring.
(b) Prove that the motion is simple harmonic motion

(c) The period and frequency of the motion 8iNm = = 8kN/m
(d) The maximum velocity and maximum acceleration of the block an @n

O g die jall awall gl

16000 A

8000 A T T
8000 A

mg

16000 A + 8000 A + 8000 A = mg
A =0.01073m
b)
AS sl gy die all mal)
16000( A +x)

8000( A +X)T TSOOO( A +X) l m a

mg

ma = mg — 16000(A + x) — 8000(A + x) — 8000(A + x)
S.H.M (1) a=-914.285x
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c)

= _wzx
Comparing with equation (1)
w? = 914.285

w = 30.2371 rad/sec

2 20
o 302371°°
1
T

T =

f=

c)
From equation (1)
a=-914.285x

vdv

S0— = —-914.285x
dx

Separating variables and integrate both side one can get
2

Z = -914285 % +¢

Substituting v=0 and x=4.5 cm get

(2) v? = —914.285 (4.5% — x?)
To get the max. Velocity put a=0 get x=0

Substituting x=0 in equation (2) get
Vmax = 136 cm/sec

And

Amax = W2 A = 41.15m/sec?
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Question No. 5 (20 Marks)[a;-b,-c1-d4]

(a) A particle of weight 98 N start its motion from rest at
point A, it moves on the smooth surface from A to B then
over the rough surface whose coefficient of kinetic friction is
0.2 from B to C then it compress the spring of stiffness

(20 N'\'m) till the position D. Knowing that (g = 9.81 m/s?)
Determine: oot
(a) The velocity at (B) & (C) . b .C B S
(b) The maximum compression in the spring at (D).

(c) The reaction of the surface just before and after (B)

a)
A B (A8 jall 48l 5 Jandl) Tase Gl
W =T —T,
A-B B 4
Wiy = T — Ty
mgh =%mv§ —%mvﬁ

_1(98)\ 2 _
98*6—2(9.81)173 0
vg = 10.85m/s

C A O aASall Aty Jadll o by
A\ =T, —T
A-C ¢ 4
ng + Wfriction =Tc—Ty
mgh—,uN*8=%mv§—O
98

98%6— 0259858 = () vZ -0

2 \o.81
ve =9.29m/s
b)
DA O A all 8y Jal Tase Gadaiy
WA—)D =Tc=Ta
ng + Wfriction + Wspring =Tp—Ty
mgh — uN * (8 +5) + 2 K(s? —s3) =0 -0
98%6—02%98+(8+5)+5+20%(0—s3) =0
Sos, = —7.619 mrefused or s, = 5.65 m accepted —10s% — 19.6s, + 431.2 =0
c)
B ki J& Jadll 3, -
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UZ

B
Z-N-
mr mg

So
2

98

(10.85)*
+98 =294 N

Vg
N=m7+mg=(

0=N-mg
So
N=mg =98N

9.81

)+

6
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(b)A particle moves down outside the surface of a smooth vertical circular disk of
radiusR, it starts at a depth %R below the highest point, show that it leaves the disk

at a height %R under the highest point.

1, R
=mv,"—=mv,” =mg(h——
2 B 2 A g( 2)

R
vy' = 29(h--)

at,B:
2
m\;‘ =mgcosd—N

Vg> = gRcosd
2g(h—§) =gRcosd

2h—R:RxR_h

2h—R=R-h
3h=2R

h=2R
3
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Question No. 6 (20 Marks)[a;-a,-bs-c4-d]

A ball is projected from a point in horizontal plane,
after one rebound from the plane it strikes directly
against a vertical wall, after two more rebounds it
returns to the point of projection. Prove that

e=2(1-¢e3).
A E
=2 A=yt = 2
g g
t,=¥ »Bo=ut, ="
g
e’uv
OD =teu=
g
2 3
t, =2V DE - eu=22W
g g
3 4
t, =2V EA-teu= 22 W
g g

AB+BO=0D+DE +EA

2uv euv e’uv  2e%uv  2e‘uv
+ = + +

g g g g g

2+e=e*+2e°+2¢*

(1+e)(2e* +e-2)=0

2 +e-2=0

e=2(1-¢%

zladll cliadl) aa
Wil o) Cppen dda 30— A Gn das 3 — Jie aag daa, 2
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Benha University

Faculty of Engineering (Shoubra) /:"'/ ‘%ﬁ
Engineering Mathematics and /Zg‘w&
Physics Department u,,@fn\_
Preparatory Year Sl

Final 2nd Term Exam
Date: 21 /5 /2018
Course Title: Mechanics
Course Code: ENP 012

Duration: 4 hours

e Answer all the following questions e Total exam marks : 120
e [llustrate your answers with sketches when necessary e No. of questions of part 1: 3
e The exam consists of 2 parts e Part 1 consists of 2 pages

Question No.1 [20 Marks]

(a) In the figure shown, replace
the loading system by an
equivalent resultant force and
couple moment acting at

point O. [8 Marks]

Solution

FL=-200], F, =-100C)7 ~100()K.

..F, =—60i —200j —80k.

M. =FxF +F,xF,—75

i k| |i K

0 0 04+ 0 05 04
0 200 0| |-60 0 -80

=35I —24j +30k.
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(b) A cylinder of weight W is
hung by means of two cables
AB and AC, which are
attached to the top of a
vertical wall. A horizontal

force of magnitude 400N

perpendicular to the wall

holds the cylinder in the

position shown in the

opposite figure. Determine the magnitude of the weight W and the tension

in each cable. [12 Marks]
F, =400j, W =-W k,
T =T, =T,(-6i —j +6k)/73
T =T,=T,(4i —j+6k)//53

>'F, =0=(-6/73)T, +(4/+/53)T, =0

>'F, =0=>400-(1/\73)T, - (L//53)T, =0
>'F, =0=(6/\73)T,+(6/53)T,-W =0
=T, =160\73N, T,=24053N, W =2400N

|Page2/12
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Question No. 2 [25 Marks]

(a) The plate shown in the opposite

figure has a mass of 200 Kg and is

300N 200 N - m

subjected to a force and couple
moment along its edges. If it is 1.5nf>\
supported in the horizontal plane \f{< I
by a roller at A, a ball-and-socket 2>
joint at B, and a cord at C, determine

the reactions at these supports.

[13 Marks]

Solution

> X=0=B, =0

>Y=0=8B,=0

> Z=0=A,+B, +T =2260 )

D Mg =0=—A, (3)+300(2) +1960(1) =0
A, =1280N

D> 'M, =0=-200- A, (3)- B, (3)+300(1.5) +1960(1.5) = 0
—200-1280(3) — 3B, + 450+ 2940 = 0
—200-3840-3B, +3390=0

~4040-3B, +3390=0

3B, =-650= B, =—217N

eq.() =1280-217+T = 2260

T =1197N

|Page3/12
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(b) In the truss shown in the
opposite figure, the web members
BC and EF are perpendicular to
the inclined members at their
midpoints. Use the method of
sections to determine the force in
members DF, DE, and CE.
[12 Marks]

Solution

Y F =0=A,=0
D> F,=0=>A,+G, =12 KN

L225m ) 225m .

Symmetry = A =G, =G, =6 KN

dM,=0=

—F.p x2-3x2.25-1.5x4.5+6x45=0

—F, =675 KN (T)

d M, =0=
—Fe x(4/5)x3+3%x2.25=0
= F, =281 KN (T)

dM.=0=
(6-1.5)x3-3x0.75

CF o1 4075

JL+(2.25)2

—F,. =923 KN (C)

2.25

—Fe x x1=0

JL+(2.25)°
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Question No.3 [15 Marks]
A uniform rod AB of weight 1000 N and

length 2 m is hinged at A at a rough
hinge, the radius of its friction circle is

rr = 20 cm, inclines at an angle 459 to the

horizontal in the equilibrium position. A

horizontal rope CB tied it at B, this rope

passes on a rough cylinder fixed at C

and its coefficient of friction = 1/7 . A
weight W is fixed at the free end of the
rope. Determine the two limiting values of W.

Solution

|Page5s/12
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1w
Cylinder (C):

1z 1
=
T 2 —

W =Te“ =T 7 2=Te2 =T
Rod (AB):
D>Y =0=Y, =1000N

dX =0=X,-T=0=>X, :We_%

X, [006W =T

Ry =X a2 +Y .2 = /(0.6 ) + (1000)?

M, =R, xT, =0.2(0.6W )? + (1000)?

D> M, =0=-1000(1cos45°) +T (2sin45°)-M, =0

—710+0.86N —0.2,/(0.6W )? +(1000)? =0

0.2,/(0.6W )? +(1000)? =0.86N — 71
W =1110N ,or W =580N (refused)
2w T

Cylinder (C):

1z 1

T =We" =W 7 2 =We2 =T =We
Rod (AB):
D>Y =0=Y, =1000N

1

DX =0=X,-T =0=>X,=We?
X, [1.68V =T
Ry =X a2 +Y .2 = /(L8N )? + (1000)?

M, =R, xT, =0.2/(1.63 )2 + (1000)’
D> M, =0=-1000(1cos45°) +T (2sin45°)-M, =0

~710+2.33V —0.2,/(1.63V )2 + (1000)? =0

0.2,/(1.68W )? + (1000)? = 2.33W —71
W =210N ,or W =410N (refused)
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Question No.4 [20 Marks]
(a) If the radial and transversal components of the velocity of a particle are

ar2, 2 ar?, where a is a constant . Find the radial and transversal
components of acceleration, find also the equation of the path , knowing that
r=awhen 0 =0, [10 Marks]

v,=ar’=r=ar’

v, =2ar’ = ré: 2ar’ = é: 2ar

F = 2ar} =2ar(ar®) =2a’r’

é = 2a|: =2a(ar®) =2a’r?

a = F— réz =2a’r® —r(2ar)? = 2a°r® —4a’r® = -2a°r?

a, = r.;9+ 2|:é: r(2a’r®) +2(ar®)(2ar) = 2a’r® + 4a’r® = 6a’r®
dr
, dr
__ ar 1 dr 1.,
2ar’ rd@ “rde 2 r 2
dt
£=ijd6—>lnr:10+c
r 2 2

when,r=a,0=0—->Ina=0+c—>c=Ina

1

Inr:EH+Ina—>Inr—Ina:EH—HnL:—H
2 2 a 2

r L 1
—=e* —>r=ae’
a
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(b)A golf ball at point O is given an initial velocity 48.5 m\s at an angle 36° to

the horizontal . The ball reaches the maximum height at point P and then
continues to hit the ground at point Q.

a)Find the time from O to Q
b)Calculate the horizontal distance ( xq ) travelled by the ball
c)Find the velocity direction at point O

d)Find the time from the beginning of motion for which the ball will take
orthogonal direction to the initial projectile direction at O

P

A

24

Q
[10 Marks]

_ (48.5)*(sin36°)?
2x9.8
t? 9.8

=41.5m=h, =h-24=415-24=17.5m

y :Vosinat—g? =17.5= (485)(sin 36"t~

4.9t* —28.5t+17.5=0t = 5.1sec.,or,t = 0.7 sec(refused)
XQ .

X =tV, cosa =5.1x 48.5x €05 36° = 200m

@Q .

X = V, COS & = 48.5x c0s 36° = 39.2m

Y =V, sina — gt = 48.5(sin 36°) ~9.8(5.1) = —21.5m\ s

tan @ :¥ :$ =60=287"= 0, =360-28.7 =331.3°

X
T (orthogonal) :
X =39.2m\'s, y = v, sin & — gt = 48.55in 36° — 9.8t = 28.5- 9.8t
6, =90+ (90— 36) =144°

tand, == = tan144’ = % —1t, =5.8sec
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Question No.5 [20 Marks]

(a)Find the work done by a variable force F=xi- ZW] to displace a particle
from the point O (0, 0) to the point B ( 3, 6 ) on the broken line path O A
B,where A(3,0).[10 Marks ]

F=xi—2xy]

3
[-2(3)ydy =108
0
0

4.5-108 =-103.5U .of W
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(b)A particle of mass ( m) is fixed at one end of an inelastic string of length (a),
the other end of the string is fixed at a point O . The particle is projected

horizontally with an initial velocity 7% . Show the tension is vanished at an

angle 120° , when the string becomes slack the particle will move as a free
projectile . Find the maximum height up the point of projection .

[ 10 Marks ]

A—>B :%mvé —%mvf\ —-mg(a+acoso)

Vi =V: —2gacosd
At(B):

mv?
mgcos@+T, =—2 = V2 = gacosé.......(2)
a

gacosezgga—Zgacow:cow:%

0=60°= 6, =180-60=120°

ga, . 02
B Vg SinZ a _ (7)(3'” 60 )
29 29 16
3 27

h,=a+h=15a+—a=—a
16 16

3

h
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Question No.6 [20 Marks]

1)The uniform beam is supported at its ends by
two springs A and B, each having the same
stiffness k. When nothing is supported on the
beam, it has a period of vertical vibration of
0.83 s. If a 50-kg mass is placed at its center,
the period of vertical vibration is 1.52 s.
Compute the stiffness of each spring and the
mass of the beam. [ 10 Marks ]

Solution

72 m

"Mk

m

Cem? ok

For t=0.83 and mass = m the following relation can be obtained as follows:
(0.83)2 m

2mZ 2k @)
For t=1.52 sec. and mass = m+50 the following relation can be obtained as follows:
(1.52)2 m+50

(22 2k (3)
By dividing equation (3) by equation (2) the following equation obtained as follows:
m + 50 = 3.35375m 4
So

2.35375m = 50

m = 21.2427 Kg

Subsisting equation (5) into equation (2) one can get:

k = 608.671 N/m

)
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(B) On a circular table of raised edges , a particle is projected wi

th velocity Vo in a direction

makes an angle a with the radius as shown . If the particle impinges the edge of the table two

times and then returns to the point of projection, prove that:

e3

tanzogz—2
l+e+e

3

V, =V,e2

Where : e is the modulus of restitution

V : is the velocity of the particle when returns back
To the point of projection

Ans.:

At(B):V,sin g =V,sina,V, cos S =eV, cosa
At(C):V,siny =V,sin B,V, cos y =eV, cos

1 1 1
tan f=—tang,tany =—tan f = tana
e e e

20042 +2y =180 = a+ f+y=90"= B+y=90° —«
tan(B + y) = tan(90° — )

1tana+itana
tan g +tany _ cotg — & 2 1

1-tan gtany

1——tanaxi2tana ana
e e

etana+etana 1 ) e
= > tan“a =

e’ —tan’«a tan « 1+e+e?
V7 =V?sin® B +e’V/ cos’ B

V) =V?sin’ a +e'V} cos’ a

3 3 2

. e e’(l+e+e
V7 =V} (sin’ a +e* cos’ a) =V, ( ——+ ( S Z
l+e+e“+e° l+e+e“+e

3
V7 =V/el =V, =Ve?

Good Luck
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N Final 2nd Term Exam
Faculty of Engineering (Shoubra) / \\ Date: 8 /6 /2019
Engineering Mathematics and /ij\‘\ Course Title: Mechanics
Physics Department /,,@f:g Course Code: ENP 012
Preparatory Year Ve Duration: 4 hours

Benha University

e Answer all the following questions e Total exam marks: 120
e [llustrate your answers with sketches when necessary e Number of questions: 7
e Number of pages: 4

Question No.1 [20 Marks]

(a) A 100 Kg crate, as shown in
the  opposite figure, s

supported by three cords. One

cord has a spring in it. Find the

tension in cords AC and AD

and the stretch of the spring.
[10 Marks]

(b) Replace the system

shown in the opposite

figure by a wrench

(force and couple at O)

and find the

intersection of the 4%-“3:'6
wrench with x-y plane. - 0.6 m / 0.8 m——

[10 Marks] 45° P 200 N

I——'\
180 N-m
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Question No.2 [25 Marks]

(a) The plate shown in the opposite
figure is subjected to a given

forces. If it is supported in the

(.£
horizontal plane by a roller at A, 0.4 };i{m
Am

a ball-and-socket joint at D, and
a cord at B, determine the
reactions at these supports.

[12 Marks]

(b) Determine the force

in members EF and

GI of the truss

shown. State whether

the members EF and
GI are in tension or

compression.  [13 Marks]

Question No.3 [15 Marks]

A mass (m = 50 kg) is rested on a rough

horizontal plane, its coefficient of

friction = 0.5. This mass is connected to

two horizontal ropes as shown. The first

passes over a rough pulley (B), a weight
(W) is fixed at the other end of the rope.
The second rope passes over a rough
pulley at (C). A weight 1000 N is fixed at the other end of the rope. If the
coefficient of friction of each pulley = 1/ 7, find the two limiting values of the

weight (W) to keep the mass (m) in equilibrium position . (g =10 m \ sec?)
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Question No.4 [18 Marks]

(a) A car moves along a circular track of radius 250 ft such that its speed for a

short period of time, 0<t <4 is v =3(t +t*) ft/sec where t is in seconds.

Determine the magnitude of its acceleration when t =3 sec. How far has it

traveled in t =3 sec. [6 Marks]

(b) A projectile aimed at a mark which is in a horizontal plane through the
point of projection. The projectile falls at (C) meter short of the aim when
the angle of projection is « and goes (d) meter too far when the angle of
projection is [, show that if the velocity of projection be the same in all

cases the correct angle of projection should be:

Q:Esin‘l{c sin(2p) +d sin(2a)} (12 Marks]
2 c +d

Question No.5 [12 Marks]
A block with density 1333,333

Kg/m3 is supported by the springs
arrangement shown. If Ki=K;=
K3= K and the motion is simple

harmonic motion. If the block v\
2

moved vertically downward till 00m
reach to the equilibrium position
given a downward velocity of 30 cm/sec from its equilibrium position and
released. Knowing that (g = 10 m/sec?). Please answer the following:
(a) Draw the equivalent system of the shown mechanism (Consider the
block as particle).
(b) Find the spring constant such that the periodic time equal to 7 /5 sec.

(c) Vertical displacement in each spring at equilibrium position.

(d) The maximum velocity and maximum acceleration of the block.
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) § = N SN N
Question No. 6 [15 Marks] 4 bl labad ot

N NN N N N
(a) Find the work done of _ \/f; SN N YN

NN NNR NN
= fnd g ~ ~ N N
F=(x*+y?%i —(2xy)j about a closed o i e R

e N RN

curve as shown in the opposite figure.
[5 Marks]

(b) At a given instant the 10-1b block

A is moving downward with a
speed of 6 ft/sec. Block B has a
weight of 4 b, and the coefficient

of kinetic friction pk = 0.2 between
it and the horizontal plane. Determine the speed of block A after it moved
down 2 sec later. Neglect the mass of the cord and pulleys (solve the problem

using the work and energy principles).

[10 Marks]

Question No.7 [15 Marks]

A square table ABCD whose side is
(a), has raised edges. A particle of
elasticity (e) is projected from a
point (P) on AB and hits the sides
BC, CD and DA at Q, R and S. Prove
that PQ and RS are parallel. If (a) be
the angle QPB and PB=x, prove that

if the particle returns to P, then:

X(l—-e)=a(l—-ecota) .

Good Luck. Mechanics staff members
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Benha University VX Final 2nd Term Exam
Faculty of Engineering (Shoubra) i a Date: 4 /6 /2017
Engineering Mathematics and /ngm Course Title: Mechanics
Physics Department y @ X Course Code: ENP 012

Preparatory Year Duration: 4 hours

e Answer all the following questions e Total exam marks : 120
e [llustrate your answers with sketches when necessary e No. of questions of part 1: 3
e The exam consists of 2 parts e Part 1 consists of 2 pages

Model Answer Part 1

Question No. 1 [20 Marks]

(a) In the figure shown determine the

reactions at the pin A and the reaction A B

of the rocker B on the beam. Neglect

the weight of the beam. [8 Marks]

Solution
> F =0=>A —-N,sin30=0=A, =N, /2

Y F,=0=A, +N;cos30=4
A, =4—+/3N, /2

> M, =0=8A, =8= A, =1 kN

=N, =2/3=3.46 kN
and A =N,;/2=173 kN
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(b) In the shown figure, replace the
force and couple moment system

acting on the rectangular block by:
(I) A force and a couple at O.

(I A wrench (specify its pitch and
its axis). [12 Marks]

Solution:

—_—

F. =-80i +60j —100k
F.| =80 +60° +100* =100v2 N

ij k||
34 0
0 0 -100

k
2
0

0
0 60

=—400i +140j +320k

M |[=M, -F /|F|=42v2 N.m

M =|M|F; /|F|=0.84(-40i +30] —50k)

S p=084 m

i ]k
80 60 -100
—400 140 320

P A 1
r=F xM, /|F| +1F, = 1003

+A(—40i +30j —50K)

164

- 32 -
+(——+604)] +(—-1002)k
(50 )] (50 )

83 -
=(——-80A)I
(50 )
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Question No. 2 [25 Marks]

(a) Rod AB shown in the opposite figure is
subjected to the 200 N force. Determine
the reactions at the ball-and-socket
joint A and the tension in the cables BD
and BE. The collar at C is fixed to the
rod. [15 Marks]

Solution:

Fo=Ad +A J+AK
i:TEiA
ﬁ:TDjA

—_

- (—200|€ )N

Applying the force equation of equilibrium,

>F=0 T, +T, +F =0

(A, +TE)i +(Ay +T5)J +(A, —200)k =0

D F =0 A, +T. =0(1)

DY F =0,A +T,=0(2)

> F, =0;A, —200=0 (3)

Summing moments about point A yields

>M, =0; Exf+7x(ﬁ+ﬁ):6

Since r. = (1/2)r, , then
(iA/2+jA—I<A)><(—200kA)+(iA+2jA—2kA)><(TEiA—TDjA):6

Expanding and rearranging terms gives

(2T, —200)i +(=2T, +100) ] +(Tp —=2T¢ )k =0

|Page3/7
Good Luck. Mechanics staff members




D> M, =0T, -100=0 (4)
D> M, =0, T, +50=0(5)
Y M, =0;T, -2, =0(6)
Solving egs.(1) through (6), we get
A, =-50N, A =-100N  Ans.

y =~

A, =200N , T, =50N , T, =100N  Ans.

The negative sign indicates that A and A, have a sense which is
opposite to that shown on the free-body diagram.
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(b) Using the method of joints, determine
the force in members AB, BD, BE, and CE

of the Howe roof truss shown in the

opposite figure. State whether each

L . . Y
member is in tension or compression. ] B

[10 Marks] .

/

h

‘<—4m <~—4m —~—4m

YR, =0->H,=0, YK =0>A, +H, =2600
> M, =0—->H, =1300N ,A, =1300N
At joint A:
Y Fy=0>F, —F,c0s0=0
D> K, =0—-1300-400-F,; sin@=0
- F,g =900/sin@ =1500 comp
F.o =F,5€c0s60=1200 T
F.c 1S azero member
S Fyo =F.=1200 T
At joint B:
D Ry =0 Fy +Fyp =1500
> K =0 F; —Fy, =—2000/3
o Fge =1250/3 comp,
Fop =3250/3 comp.
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Question No. 3 [15 Marks]
Two wheels each of weight w and
radius R, are placed on two rough
inclined planes as shown in the
opposite figure. The centers of the
wheels are joined by a light beam. If
the two wheels are impeding to roll
find the angle o and the pressure in
them if the coefficient of rolling
friction = the radius of the circle of

friction = R/50.

Solution:
Studying the equilibrium of the right wheel:
Resolve forces in the direction of the plane and the

normal to the plane, and take the moment about the

center of the right wheel.

ZFxl :O’ ZFyl :O’ ZMA =0

F, -W c0s30°+T sin(30°+«a)=0 "

N, -W sin30°~T cos(30°+a@)=0

Fr =M r—T (r/50)—N,(r /50)=O(3)

Similarly;
Studying the equilibrium of the left wheel :

Resolve and take the moment about the center, we

get
Zsz :O’ ZFyz :O’ ZMB =0
F, +W sin30°-T cos(30°+a)=0 @

N, +W c0s30°—T sin(30°+«)=0 -
Fr-T (r/50)—N2(r/50)=0(6)
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Eliminate N1, F1 from egs. (1), (2), (3).

42.8N =T [1+¢0s(30°+a)+50sin(30°+ ) | -

Eliminate N2 and F2 from egs. (4), (5), (6)
25.868V =T [ 50c0s(30°+a)—sin(30°+a)—1]

(8)
Divided (7) & (8), we get:

1+c0s(30°+ &) +50sin(30° + « )
50c0s(30°+ &) —sin(30°+ ) -1
81.5c0s(30°+ &) —51.65sin(30°+C ) +2.65=0
(a+30°),

=1.65

Which is an equation in it is solution is given in an approximate method.

Neglect the last term, which is relatively small, we get:

tan (30° + a) =81.50/51.65=1.59
5.30°+a =58° .o =28°
T =1.05WN

Substitute into (8) we get:
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Benha University / Final 2nd Term Exam

/ B

Faculty Of Engineering (Shoubra) ! ?‘j : Date: 4 /6 /2017
Engineering Mathematics and / &}\‘ Course Title: Mechanics
- I/, sl C Code: EMP 012
Physics Department L m— oy ourse Code:
Preparatory Year " Duration: 4 hours

Answer all the following questions e Total exam marks: 120
[llustrate your answers with sketches when necessary e No. of questions of part 2: 3

The exam consists of 2 parts e  Part 2 consists of 2 pages

Model Answer Part 2

Question No. 4 [20 Marks]

(A) In the system shown in the fig. Determine the velocity

and acceleration of block 2 at the instant knowing that.
X01T=6m/s , X4 = 2m/s2
X03T =3m/s , X903 = 4m/s2

Solution

The length of the cord between weights (1) and point "A" is constant and equals
l; = (x; + x + nr?) (1)
The length of the cord between weights (2) and (3) is constant and equals
L, = (x; — 2x + x3 + nr?) (2)

Differentiate both sides of equations (1 and 2) with respect to time one can get:

X1 +x=0 (3)

X +X=0 (4)

Xy —2Xx+x3=10 (5

Xy —2X+x3=0 (6)
Calling the upward direction positive and substituting X%, =6 m/s into equation (3) we find

X =-—-6m/s (7)
Calling the upward direction positive and substituting X%0; = -2m/s? into equation (4) we find
¥ = 2m/s? (8)
Calling the upward direction positive and substituting X% =3 m/s and equation (5) into
equation (5) we find
X, =—15m/s (9

Calling the upward direction positive and substituting X993 =-4 m/s and equation (6) into
equation (5) we find

X, = +8 m/s? (10)
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(B)A stone is projected with velocity (v) from a height (h) to hit a point in the level at a
horizontal distance (R) form the point of projection Show that the angle of projection is
given by R2tan?a -2v2/g Rtana + Rz-2hv2/g=0

Hence deduce that the maximum range on the level for this velocity is

pal 2
R :\/vz +2hv
g g

Solution
The equation of the path for the projectile can be obtained simply as follows:

gx?

y=X tan(oc) T2 cos? ()

The point (R, -h) is on the path for the projectile so the following equation can be obtained

2

—h = R tan(c) 297 oD
2
—h = Rtan(x) — % (1 + tan?(x))
So the following equation can be obtained:
2 2
R? tan” (o) — % R tan() + RZ — %h =0 (1)
To get the maximum range Z—i =0 so

Differentiate both sides of equation (1) with respect to a one can get:

2
2 R? tan(o) sec? (o) — 2% Rsec?(x) =0

tan(«) = %2 2)

Substituting equation (2) into equation (1) one can get :
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Question No. 5 [20 Marks]

(A)Find the tangential and normal components of the acceleration of a particle moving
according the equations
X=2t+2 y=t2-1

Solution

So the magnitude of the velocity is equal:

v=iZ+y? =2V1+1¢?

The tangential component of the acceleration is equal to
W=V = Te

So the magnitude of the acceleration is equal to
a=.¥°+y2=2

a=+al+a,’=2

So the normal component of the acceleration is equal to

2 2t \° a2 4
an =4 — =

J1+e2 1+62  1+t2
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(B)A 1.75 kg particle moves as function of time as follows: x = 4 cos (4/3t+n/5) where
distance is measured in meters and time in seconds. Find

(a) The equation of the velocity of this particle as function of time.

(b) The equation of the acceleration of this particle as function of time.

(c) Show that the motion is simple harmonic motion.

(d) The periodic time, frequency, and amplitude of this motion.

(e) The spring constant.

Solution

X =4 cos(4/3 t+ 77/5) (1)

Differentiate both sides with respect to time one can get

v= dX/dt= —4*4/3sin(4/3t+”/5) (2)

b)

v=—4 *4/3sin(4/3t +7T/5) (2)

Differentiate both sides with respect to time one can get

a= dv/dt = —4x (4/3)2cos(4/3 t+ 77/5) (3)

c)

From equation (1) and (3) one can get
2
a= —(4/3) x (4) The motion is a S.H.M
d)
 a = —w?x Comparing with equation (4)
2
w? = (4/3) So, =*%/;rad/sec

_2n 6N
T= —4S€C

The amplitude can be obtained by substituting by v=0 in (2) get x=A

0=—4x 4/3sin(4/3t + 77/5)
So, t = 9”/40 sec
Substitutingt = 97/, in (1)

x=A= 4005(4/3* 9”/40+7T/5) =4m

fk=ma? =175+ (4/5) = 311 N/m
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Question No. 6 [20 Marks]
(A) A slider of mass 2 kg attached to a spring of

stiffness 600 N/m, the spring is un-deformed

when the collar is at C. If the collar is released
from rest at A, determine the velocity of the

slider as it passes through B and C.

Solution

Reference line
Apply the law of conservation of energy between A and B

UA+KA=UB+KB

1 2 1 2
(mghA +EKSA) +§va

o2\, 1 o
= <mghB + EKSB) +Emv3

1 1 1
<0 + > 600 * (0.25 — 0.15)2> +0= (—2 *9.81 0.2 + > 600 * (0.2 — 0.15)2> + 5% 2 x V3

vg = 2.485 m/sec

Apply the law of conservation of energy between A and C

UA+KA=UC+KC

1.2\, 1 o o2y,
<mghA +§KSA) +§va = (mghc +§KSC> +Emvc

1 1
(0+§*600*(0.25—0.15)2)+0=(O+O)+E*2*v§

ve = 1.732 m/sec
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(B) A smooth sphere of mass (5 1b) moves with velocity (5 Ilb)
8 ft/sec in a direction 30° N of W, collies with a8ft/sec |
sphere of mass (3 1b) moves with velocity 10 ft/sec
in a direction 30° E of N as shown in figure. The
impact takes place in such a way that the line joining
the centers of the spheres is E and W at the time of
impact. Determine the velocities of the two spheres

after impact. (e=0.5)

Solution

Before impact v After impact

10 ft/sec

(5 Ib) " (31b)

Apply the law of conservation of momentum

mquU,coSQ + myu,cosff = myv,cos0 + myv,cosgp
5%8*c0s30 —3 x 10 * cos60 = 5 x v;cos0 + 3 * vyc05¢
19.641 = 5 * vycos0 + 3 *x v,cos¢Q (a)

Apply the Newton’s experimental law

V1080 — vy,c08Ph

= —e
u,cosa — u,cospP

v1c0s8 — vcos¢p
8 * c0s30 + 10 * cos60
v,c080 — v,cos¢p = —5.964 (b)

-0.5

Multiply equation (b) by 3 then add to equation (a)

vycos0 = 0.218625 ()

Since, the two spheres are smooth, i.e. there is no friction, then the impact only occur in E
W axis (x-axis) only.

v;5inf = 8 * sin30 (d)

vysing = 10 * sin60 (e)
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From (c) and (d)
tand = 18.296 6 = 86.872°
v; = 4.01 ft/sec

From (c) and (b)

vyc05¢p = 6.182625

From (f) and (e)
tang = 1.4007 ¢ =54.477°
v; = 10,641 ft/sec
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