Faculty of Engineering and Department of Physics
Engineering Physics 131
Final Examination

Saturday April 21, 2018; 14:00 pm — 16:30 pm

1. Closed book exam. No notes or textbooks allowed.
2. Formula sheets are included (may be removed).
3. The exam has 9 problems and is out of 61.5 marks. Attempt all parts of all
problems.
4. Questions 1 to 4 do not require detailed calculations and only the final answers to
these questions will be marked.
5. For Questions 5 to 9, details and procedures to solve these problems will be
marked. Show all work in a neat and logical manner.
6. Write your solution directly on the pages with the questions. Indicate clearly if you
use the backs of pages for material to be marked.
7. Only non-programmable calculator approved by the Faculty of Engineering
permitted. Turn off all cell-phones, laptops, etc.
DO NOT separate the pages of the exam containing the problems.
LAST NAME:
FIRST NAME:
ID#:

Please circle the name of your instructor:

EBO01: Wheelock EB02: Jung
EB03: Wang EB04: Kim
EBO0S: Gingrich EB06: Tang

Address all inquiries to a supervisor. Do not communicate with other candidates. If you become
ill during the exam, contact a supervisor immediately. (You may not claim extenuating
circumstances and request your paper to be cancelled after writing and handing in your
examination.) You may not leave the exam until at least 30 minutes have elapsed

End of Exam: When the signal is given to end the exam, students must promptly cease writing. If a
student does not stop at the signal, the instructor has the discretion either not to grade the exam paper
or to lower the grade on the examination.

Exam Collection Procedure

*[f you finish early, stay in your seat and raise your hand

*Someone will come to collect your exam (after which you may quietly leave)

In the final 10 minutes: please remain seated until ALL exams have been collected.



Please do not write in the table below.

Question Value (marks) Mark
1 4.5
2 4

3 4

4 4

5 10

6 10

7 9

8 8

9 8
Total 61.5




Q1. [4.5 marks]

A block weighing 22 N is held at rest against a vertical wall by a horizontal force F of magnitude 60
N. The coefficient of static friction between the wall and the block is 0.55, and the coefficient of
kinetic friction between them is 0.38. A second force P is applied to the block and directed parallel
to the wall with the magnitudes and directions shown in the figures and table below.

For each value of P in the table below, determine: the magnitude of the frictional force; whether the
block moves up, down or remains stationary; and whether the frictional force (between block and

wall) is directed downward. Write your answers in the table.

[0.5 marks for each answer, no partial marks]

P
Figure B
F
Figure A F
P
Force P Magnitude of Block moves Frictional force down
(N) frictional force (N) (no/up/down) the wall (yes/no)
12, up
(figure A)
62, up
(figure A)
10, down
(figure B)
Solution
@ P g P p=F=gon
,‘\ . T Figure B J/ W= mﬂ
L . ' =22 N
Figure A W J/
p w
Force P Magnitude of Block moves Frictional force down
(N) frictional force (N) | (no/up/down) the wall (yes/no)
12, up
(figure A) Y N © NO
62, up
(figure A) 22 8 W g Y&S
10, down
(figure B) 5 Z N 0 NO

fsepsN > (0.55)(bo) = 33N
LR pxN = (0.38)(t6) =22.8N

Piw : 12 -22=-10; ¥s=+l0 UP; VO MOVEMEVUT
(2 -22=40 > £ = MoVvES Up

> J}K =-22.8 DowA/

~[0 ~22=-32; ts = 372 WP ; NO MOVEHEVT



Q2. [4 marks]

For each of the scenarios below, circle ALL the forces that could contribute to the normal
acceleration @, of the specified particle. Please Note: “Friction” may be static or kinetic, "Normal

force" is the support force on the specified particle from the surface it is in contact with.

[1 mark for each scenario, no partial marks, all correct answers must be selected in order to receive
the 1 mark.]

(a) A rough bar rotates in the vertical plane about point O. Collar A
moves together with the bar without relative motion. Consider collar A

as the particle and it is at the position shown.

Normal force Friction Gravity

(b) Block B is sliding down the rough circular track, which is in the
vertical plane. Consider block B as the particle and it is at the position
shown.

Normal force Friction Gravity

(©) The rough circular bar rotates about the vertical axis AB. The
mass M remains stationary relative to the circular bar. Consider mass
m as the particle and it is at the position shown.

Normal force Friction Gravity

(d) A motorcycle (the particle considered here) moves along a
circular track on a flat rough surface.

Normal force Friction Gravity
Solution:

1) Normal force @ @a@

2) (Notmal force) Friction @
3) (Normal f@ @ Gravity
4) Normal force @ Gravity



Q3. [4 marks]

A block is held at rest at location A against a massless spring that is initially compressed a distance x
relative to its resting length L. When the spring is released, the block slides to the right, up a circular
ramp, then exits the ramp vertically at D, and finally reaches its maximum elevation at location E.
Assume that all surfaces are smooth except the rough portion of the ramp between B and C as shown

in the diagram. Neglect air resistance.

A

As the block moves along each segment | - E
of its path, consider whether the work
done by each force is positive, negative D
or zero. In the table below, circle the L
correct answer in each box. € >
C
No partial credit; for each row, all w o1
answers must be correct to receive E 5 ‘
credit. X
Segment Gravitational Friction Spring force Normal
force force
(a) [1 mark]
From A to B + |0 + |0 | - + |10 - 0o -
(b) [1 mark]
From Bto D + 0 + 0 |- + |0 |- 0| -
(¢) [1 mark]
FromDto E + 0 + | 0| - + |0 |- 0] -

(d) [1 mark] Now consider the total work done by all forces acting on the block, as it
moves from its initial position at A to location E. Is the total work positive, negative
or zero? Circle the correct entry below.

Segment

Total Work

FromAtoE +




Q4. [4 marks] F, (N)

At time t = 0, a 5-kg toy car moves in the X-y plane at a velocity
given by v=-51i+ 2 j m/s. The graph gives the component Fx of
the total force acting on the toy car. The component Fy is equal to
zero.

o

Please include appropriate units. No partial marks. Only the final ', I
answers will be marked; detailed calculations are not required. il bl ko i

=5
(a) [1 mark] What are the X and y components of the impulse on this toy car between t =0 and 6 s?

Ix= |y:

(b) [1 mark] What are the X and y components of the impulse on this toy car between t =0 and 9 s?

Ix= |y:

(¢) [1 mark] What is the toy car's velocity att =6 s? (Give the velocity's magnitude and angle
measured from the positive i direction counterclockwise.)

magnitude: angle:

(d) [1 mark] What is the toy car's velocity at t =9 s? (Give the velocity's magnitude and angle
measured from the positive i direction counterclockwise.)

magnitude: angle:

Solution

A. The a-component of the impulse is I, ¢ = fOG F.[t) dt = %(2)(10) +2(10)+
3(2)(10) =|40 N -s|and | [, =0 N- s
B. The r-component of the impulse is I, g = fDQ F(t)di = ]5+%( —5)+(—5)+

%(—3) = |30 N -s|and |[yg =0 N- s

C. I, = 0 implies v, = 2.0 m/s at all times. For v, we use the principle of
linear momentum and impulse to obtain

1 Z —5+% =3 m/sat6s,
e tlr—'—m/ (1) ¢ { —-3+3—5?:1111/sat95.

Att=6s,v=3i+2jm/s so|v=3.6m/s at 34° above —x axis

Att=9,v=i+2jm/sso|v=22m/s at 63° above —z axis




QS. [10 marks]

Consider the motion of a cart as shown. A uniform cylinder rests on the cart and remains stationary
relative to the cart during the motion.

(a) [5 marks] Consider the figure on the left below. For a given horizontal force P, determine the
normal reaction forces at A and B. The angle 6= 60°. The mass of the cylinder is m and that of
the cart is M. Neglect all friction.

(b) [5 marks] The system is now placed on the ¢ = 15° incline as shown in the figure on the right
below. What force P will cause the normal reaction force at B to be zero?

Express your answers in terms of P, M, m and g (gravitational acceleration). Box your answer.

Solution

Sun & :E cos & =
z’

A
2

o P

(A) FOR SYSTEM : P=(M+m)a [

=
For cYLIwPER S ?mz, a

X NaSInG -Np sind = _m__ P :DNA-M,g,:Zﬁ‘__-Pa)

s = Fim
- Na wsﬁ“ﬂ"\)g%@“—ﬂ’k& D = Mql-!-—fl}g -ij (z)

D+ W= o v ] | |
- (Mo m o = g |

- Sk
(R) For S ¥sTerL: P —sM{EU’H—mJ\g = (mimla=a poapn ;33
Fok CYLIWDER S\ Fp =mR& b o = L Py S
X : Nasing —Ne sing —mgsid = T

Mg -Ng = 27 P L)
= Mtm _
'j. Na CosEe +Np cos & _Mj COSEj =0 :;A}ﬁ,fﬂ& PLMSC@-S%
() -()  Ng= mgcc)s)fzﬁ-'ﬂ[g‘ﬁ)— p
FoR Ve =0, P= {3l cos@ (MFTm) 9

Cos(ls?) = cos (66°) cos (45°) + siq L6 0°) scal¥59)
= L+ B L +E
er-l 7_'-:& Z—'FZ?

°o p= %ﬂ___@z U_f_i‘g—)(ﬁr}'m}s
[ p= 1632 (g




Q6. [10 marks]

At the instant shown, the cable attached to the cart of mass m, =0.4kg is tangent to the smooth
circular path of the cart. The cylinder has mass m, = 0.6 kg and the mass of the pulley is negligible.
R=1.75mand g =30°.

(a) [5 marks] Determine the acceleration of m, and the tension T in the cable.

(b) [5 marks] At this instance what would be the maximum speed v, of m, for which m, remains in

contact with the surface?

Box your answer.

‘Solution:

1) The FBD/KD are shown below for the cart (left) and the cvlinder (right).

FBD KD FBD KD

Mgy

-
s

For the cart: +] mgcos B—N=ma, =m % (1)

+] mgsin B-T =ma, (2)
For the cylinder: +T 2T —mg =ma, (3)
From the constraint of the pulley: v =2 a, =2a, (4)

Solving (1)-(4) gives:

( 4v; | ( 2mysin B—m, |
N=m| geos p-22 | ay=| ZS0 P | T
Iil_ R | i, 4}??1+}??: |

Substituting in the values of m,.m,. 5. we get:

IT=268N and a, =—0.892 m/s? 1e. 0.892 m/s? downward.

{ 4 Y
2) When the cart loses contact with the surface, N =m| gcos §— % [ =012,
\ )

Vs

_ yJgRcos
B —

=1.93 m/s 1s the maximum speed of n, .



Q7. [9 marks]

A 50-kg crate is initially at rest on an incline. Starting at t = 0, the motor supplies a rope tension of T
= 10t2 N, where t is in seconds. The coefficients of static and kinetic friction between the crate and
the incline are 0.6 and 0.4 respectively. You may assume that the pulleys are massless and
frictionless.

(a) [3 marks] Find the time t1 when the crate begins to move.

(b) [4 marks] What is the speed of the crate whent = 6 S?

(c) [2 marks] If the power input to the motor is 6000 W when t = 6 S, what is the efficiency at this
instant?

Box your answer.

Solution

*

(a) When the crate is on the verge of sliding (impending motion), f: = fsmax:
2T = 2(10t?) = mgsin@ + p_mg cos 8

[, = J(w) (sin30° + (0.6) cos 30°) = 5.00 s

20

(b) Method 1:
For t = b5 s, the equation of motion is:

dv
2T —mgsing — y,mgcosd = ma = mE

v &2(10t2) & ,
J dv =f dt—f g(sin@ + pp cos @) dt
0 s m 5

v = (%) (z—a —5;) — [(9.81)(sin 30" + (0.4) cos 307)] (6 — 5)
v=383m/s

Method 2: Start with the principle of linear impulse and momentum:

tz tE
mv, —mv, = ZJ Fdt = (2T)dt — mg (sin 8 — u;, cos 8) At

t) ty
Takingvi=0,t; =55, t2 = 6 s and T =10t2, this leads to the same result as shown

above in method 1.

(c) Whent=6s,v=3.83m/s.
Pout = F - v =2Tv = 2(10t*)v = (2)(10)(6*)(3.83) = 2758 W
P 2758

out
P 6000 046

in




Q8. [8 marks]

Two disks A and B each have weight of 2 1b and slide on a smooth horizontal surface (with no
friction). They have initial speeds (va)1 =4 ft/s and (v )1 = 3 ft/s just before they collide. The initial
velocity vectors are shown in the figure below. If e = 0.5 determine their velocities (magnitudes and

directions) just after impact.
Box your answer.

_________

Solution
@?»f) s -
£y~ DRECTION L 4 LIVE OF TrrAcT (4% -
' DIRECTION )
(fU’E_)I-,-'SJJc& :
S P = & L7
= B=%682°
SOLWIOU' : ] : .
(1_) SYSTEM/ L MoMEwTIM € CoUSERVED AtlonG THE-
“UE wor dmMpacT » G g~
e, (4 ¥ )ik GT = w, (), + WM (T,
ez_u, s L) Cod 33.13° ) =
?}.. L&Hﬂ*)( (‘frﬁ—/.s) Cas 3657 )"i' 33_1&4—{.;’9(“‘( ) Ak )
: e x o :
é’q,m 7
=) cos36.6%°) iy s
— i
.6’0',1)1 \%-e 3:’{:,"5

BX (@5)@5@2 I'I)

(gzz,{vm@\( e s C'??-zarff)( t;x)z_
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-520 €1 80 = ( i e T S
ECA mr iy N T

CoEfrFiciEyT of RestrruTion ((Alows
TTHE LIVE ot IrPacT ) :

69'1 e = (Vo )= (Yan )=

@, — (Vex))
0O [ 4 Cos jglgq"') = (:c-?,'cua'im::ﬂ

o C'Lrﬂ‘-rl)ar"cﬂrﬁrxj't.‘
-%2- 1. to ]

l.- 350 = ( Zx ) — C“".a.u-c]?_? (=D

[TATH CI) t (2) =
- LYo - 2350 = 2(1.:“#:)1 o 22

(Bpudp= =195 fkls ~ 7

P

(”-rAx-)L = £ QSFJJL‘(’:’ ﬁ*x

(2-) PERFEVPICULAR. Yo TUE LiveE
‘OF IMPAcT :

(Vi) = @y = (iD= (@ay)e
& e C""ﬂyh = W C"-’&;)L = @r#;-}: - (Vey )e

COMPONENTS OF VELOCITIES L To LWE
oFf [MFPACT dRE UNCHAN =P
[Ma FORCES [IMPULIES Aet [0 “This Digecnion )




S——— _'EFJE" o T

------ = —2.%opHs

i afa ST - * S 5 : %

: VELOCIT7  (U,), & Cagl SRS
[T 4 VT PR : ok e T C—

5 ﬁ;'c.,-:__ - é”x LIRE o Jmpﬁrm"m

r, ) = —{(& JJ‘-H@G*?..)
(iﬂg CH)?._.-QLtfjgi e

Wayde= (590, = = (Yoo i (237

(UE Jo 2 {E-qﬁi"{' Cz_'-m:){
(V) = 3o ft/e
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Q9. [8 marks]

A uniform solid sphere, of mass 10kg and radius 0.6m, is initially held so that its centre of mass
being at the same height as point A, as shown by the dotted line in the figure (#=0°). The sphere is
then released from rest, allowing it to rotate downward about the frictionless hinge at A.

(a) [4 marks] Determine the angular velocity of the sphere when 6=60°.
(b)  [4 marks] Determine the angular acceleration of the sphere when 6=60°.

Box your answer.

P S
- -
o

e

a) Solution

fe = =mR® =2 X 10X 0.6° = 144 kgm’

I, m o+ md® =144 4+ 10 % 0.6° = S.04kgm®
Conservation of Energy

mghy +%f4wf = mgh, +%f4w._.: —+ mgh, = %F&WE
ft, = Desinely = 08I m

10 % 981 % 0.52 = = (5.04)w? Therefore

I!?B.'J.P-CIE.EZ mI

Fa
M2T YT e 35

b) Solution
IM=Le
2 M =mgeos60° x R = 10 X 981 ¥ cos60® X 0.6 = 2943 Nm Therefore

1905 — Bl
_ 2948 _ red
@ =R = 58455

13



Table of Moment of Inertia

(a) Slender rod, (b) Slender rod, (c) Rectangular plate, (d) Thin rectangular plate,
axis through center axis through one end axis through center axis along edge
N R = L2 g2 I
I—IZML I—3ML I—le(a + b’ !—3Ma

7

(e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere
= %M(R,z +Ry) = %MRZ 1= MR? = %MR2 1= %MRZ

Copyright ® 2008 Pearson Education, Inc., publishing as Pearson Addisen-Wesley.
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Fundamental Equal:ions of Dynamics L —

KINEMATICS Equations of Motion
Particle Rectilinear Motion Farticle | 2F = ma
Variable a Constant a = a, Rigid Body 2F = m(ag),
dv (Plane Motion) ZF, = m(ag),
a= &T v=1 t alt EMCF:‘,Ga or EMP=2("«'}()P
ds Principle of Work and Energy
T s = S0+t + e’ i +U2=T
ads = vdv v = 0§ + 2a(s — sp) Kinetic Energy .
) Particle l T = smp?
Particle Curvilinear Motion —
x, y, z Coordinates r, 6, z Coordinates Rigid Body 1
> . ’ — _ (Plane Motion) = imvé + 1 Igw?
v, =X a, =x v, =r a,=r —rg? Work
v, =y a, =y vVg=r0 ag=r6 +2/6 Variable force Up = /FCOS 6 ds
V2= 2 =12 v =2 4=z Constant force Ug = (F.cos8) As
n, 1, b Coordinates Weight Uy = - WAy
v=3 e =1 = v@ Spring U = —[% ks} — %ks";)
ds Couple moment Uy = MAp
2 [1 + (dy/dx)}"? Power and Efficiency
a, = — =5
e |d?y/dx?| P=2 _p.y ¢=Fou_Uou
Relative Moti dt Pn U
elaitve Hotion Conservation of Energy Theorem
VB =Vat+ Vg4 8p=a,+agy, h+Vi=Th+V
Rigid Body Motion About a Fixed Axis Potential Energy ]
= - — 4lp.2
Variable a Constant a = a, V=V + Ve, whereVy = Wy, V. taks
do Principle of Linear Impulse and Momentum
a=— w = wy + at .
de Particle ’ mv, + Z / Fdt = mv,
de )
=— 8 = 8y + wyt + las?
R o T wof + e Rigid Body | m(vg); + E/Fdr = m(vg)2
wdo = adb w? = w} + 2a.(6 — 6,) . .
) Conservation of Linear Momentum
For Point P , Z(syst. mv); = Z(syst. mv),
s =6r = a, = ar n = @r . . -

. ©r 4 . CoefTicient of Restitution , = (Vs)2=(v4)2
Relative General Plane Motion —Translating Axes (va)i—(va)y
Y8 = Va t Vgapin) 88 = 84 t Bp/a(pin) Principle of Angular Impulse and Momentum
Relative General Plane Motion—Trans. and Rot. Axis Particle (Hp), + E/Mo dt = (Hp),

VB =Va+ Q Xrg, + (V)

. where Ho = (d)(mv)
83=aA+ﬂXrBM+QX(ﬂXr3/A)+

(Ho), + = / Mo di = (Ho),

2Q X (Va/a)zy: + (88/4)xy: Rigid Body
KINETICS (Plane motion) where H; = Igw
Mass Moment of Inertia ! = /fzdm (Ho) + E/Mo dt = (Ho),
Parallel-Axis Theorem 1 = I + md*® where Hop = Ipw
Radius of Gyration k=L Conservation of Angular Momentum

m Z(syst. H); = Z(syst. H),
“
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