Faculty of Engineering and Department of Physics
Engineering Physics 131
Midterm Examination
Monday February 27, 2012; 7:00 pm — 8:30 pm

1. No notes or textbooks allowed.

2. Formula sheets are included (may be removed).

3. The exam has 7 problems and is out of 50 points. Attempt all parts of all problems.
4. Show all work in a neat and logical manner. Questions 1 to 3 do not require detailed
calculations and only the final answers to these questions will be marked. For
Questions 4 to 7, details and procedures to solve these problems will be marked.

5. Write your solution directly on the pages with the questions. Indicate clearly if you
use the backs of pages for material to be marked.

6. Non-programmable calculator allowed. Turn off all cell-phones, laptops, etc.

DO NOT separate the pages of the exam containing the problems.
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Please circle the name of your instructor:
B0O1: Chow
B02: Fenrich
B03: Schiavone
B04: Lavoie
B05: Wheelock
B06: Tang



Please do not write in the table below.

Question Value (Points) Mark
1 5

2 4

3 6

4 10

5 9

6 9

7 7

Total 50




1. [5 Points]

A particle starts from rest at t = 0 and undergoes an acceleration as shown in the figure
below. Answer the questions given below.

...........................................................

S = N W I th
T

a(m/sz)

..............................

(2) At what time does the velocity reach its maximum and what is the velocity at this
time?

Answer: t =65 V=2 M/S

(b) What is the velocity of the particle at £ =12 s?

Answer: “ é m / S

(c) What is the average acceleration of the particle during the time interval £ = 0 s to
1=12g?

Answer: - 0.5 W‘/S )

(d)At what time during the £ = 0 s to # = 12 s interval does the particle reach its
maximum displacement?

Answer: |0 S




2. [4 Points]

Three projectiles are launched from the same point and follow the paths indicated
below, reaching the same maximum height.

(a) At the top of each path, rank the paths according to the following. Rank the paths
from greatest to least, and indicate any ties.

(i) The magnitude of the tangential acceleration. Answer: | = 2 =3 (= 0)

(ii)The magnitude of the normal acceleration. Answer: [=2 =3 (= J )

(b) When each particle is at half its maximum height, rank the paths according to the
following. Rank the paths from greatest to least, and indicate any ties.

(i) The magnitude of the tangential acceleration. Answer: | > 2 > 3

(ii) The magnitude of the normal acceleration. Answer: =3 > 2 > [

Q¢ = 3@59
ok /8 Qn -‘-\j«STh@
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3. [6 Points]

Block A is held by a rope to a wall and it is static. It rests on top of Block B which is
sliding down the inclined wedge C. The wedge C is sliding on the floor because of the
motion of B. All the surfaces (i.e. A, B, C and the floor) are rough. Draw the free body
diagram and the kinetic diagram for Block A, Block B, and wedge C.

[Be sure to clearly indicate the correct directions of any vector on each diagram. All
symbols shown in your diagrams are assumed to take on positive values.]

Free Body Diagrams: Kinetic Diagrams:

MalGa =0

Mc Oc




4. [10 Points]

A dragster starts from rest and travels along a straight track with an acceleration given
by the following:

0 <s<75: a=0.01s
75 < s<s': a=75-s
where s is in m and a is in m/s’.

Construct the v-s graph for 0 < s <s', and determine the total distance S' traveled
before the dragster again comes to rest.

0<S < . 20 S &5’ |
> ool8*ds = vdv > F-)ds = vdv
s v S 4
> f 0.0l stdds = vl > Fas-9ds = [
© @ = S
R -— b % = 4 50)
0.02 5
> V= _/ —o.og:bs'V > 1I=A/280?—(.;:_5)*
U(s=1) = 530 mfs V=o > -5 = 2530
=2 S= 2m or 128 m
" ot S ZHm D 5= 28m
(m/s)
slope s zero
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5. [9 Points]

A skier leaves a ski jump with an initial velocity of v, at an angle of 30° above the
horizontal. After 2.75 seconds he lands on the toboggan at point B, a distance d down
the inclined plane.

(a) Find the initial speed v, of the skier and the distance d down the inclined plane.

(b) If the toboggan has a velocity of 18 m/s directed down the incline just before the
skier lands on it, determine the velocity of the skier relative to the toboggan at this
instant.

(a) motion of the skier:

d cos25° =V, c0s30°(2.75) (1)

—d sin 25° =v_sin30°(2.75) —% g(2.75)° (2)

Ratio of (2) to (1) gives —v, cos30° tan 25° =V, sin 30° —%g(2.75) =v,=149m/s
Substitute the result into (1) to get d =39.2m

(b) Velocity of the toboggan: v, =18(cos25°T —sin25° J)=16.314i -7.607] m/s

Velocity of the skier when he lands:

V, =V, cos30° =12.904m/s

.o =V, =12.904i —19.528] m/s
Vv, =V, sin30" —g(2.75) =-19.528m/ s

=V, =V -V, =-341 -11.9] m/s



6. [9 Points]

Particle P moves down the hill with speed given by V =+/2gy , where g = 9.81 m/s’
and y is in m. When X = 4 m determine

(a) the normal component of the acceleration, and
(b) the tangential component of the acceleration.

= \? = “'8 m > an - 7;4'-3 - ’\?6 W‘/S
(b) oe=vd 13 B x 3
ds = FX é ds = g X %SX
olx janges %% =05 = 0= 53¢

N"U > dx

o< = Cos @ = 0‘3?4

&
> o= By (oa) = 459 0

Alternate solution for part (b):

ﬂ (rj rdx \/EV: 2chos9
dt

T T 4 4 dt 4 * 4

\/7 \/7 Xcos @ = : (4)005 26.57° =4.39m/ s’



7. [7 Points]

In the pulley system shown below,

(a) If the rope is pulled downward at point A with a constant speed of 2 m/s, what is

the velocity of pulley C? Clearly specify its magnitude and direction.
Sat28c = A,

> Vs - +V =

(b)Now consider that the system is initially at rest, and then the rope is pulled
downward with a speed of 0.5¢ m/s (where ¢ is in seconds). How long does it take

to raise block B through a vertical distance of 2 m?

SE’J’]‘SE*SC :-02_ = [UB:-:L_—U—

olSg

> = = - L
T @ %t

= “gr_td't“: dSB
Lt .

> -z ] tadt = J o
© o)

-2 =  t= 5g6s
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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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APPENDIX

‘Mathematical
Expressions

Quadratic Formula Derivatives
_b i m d n — n= du
Ifax? + bx + ¢ = 0, then x = 5 ac a(u)—nu IE
Hyperbolic Functions d dv  du
—uv) =u—+v—
. ef—e* e* = sinh x d dx dx
sinh x = ,cosh x = tanh x =
sh x fd_f‘, _ dv
Trigonometric Identities d (5) B Yax ~ “dx
.. A _C dx\v/ v?
sin@ = C,csc& =
B C d o2, du
cosBzE,sec():E c A dx(colu)~ csc udx
A B
tan 6 = B’ coté = A P dix(sec u) = tanusecuj—i
sin’@ + cos?6 = 1 B
sin(f + ¢) = sin @ cos ¢ + cos Osin ¢ E(cscu)=—cscucotuj—:

sin 26 = 2sin @ cos 6

cos(@ £ ¢) = cosBcos ¢ F sin O sin ¢ i(sinu)=cosud—u

cos 26 = cos? @ — sin’ 6 dx dx

_ ., [T +cos20 . [l —cos28 d . du
cosf = x > ,s8inf = % s E(cosu)——smudx

tan6 = S'“‘; i(tan u) = sec’ ud—u
cos dx dx
1+ tan’@ = sec’6d 1 + cot?@ = csc?0
i i i(sinh u) = coshf_‘td—"‘I
Power-Series Expansions dx dx
3 3 .
. X . x
sinx =x ——+ --- simhx=x+—+ ---
3! 3! d du
2 2 —(cosh u) = sinh u—
X x dx dx
COSI=1—§+”‘ ooshx=1+?+~-

670



APPENDIX A MATHEMATICAL EXPRESSIONS 671

Integrals

xﬂ'i']
/x”dx= +l+C,J"H»E—1
n

dx 1
= —In(a + bx) +
/ PR In(a + bx) + C

b
/ dx _ _ 1 ]n|:a+xv—ab
a+bx* 2\/-ba la- xV-ab

xdx 1 2
=— B
/a b In(bx* + a) + C,

Vab
a

i|+C, ab <0

tan1Z +C,ab >0

/xzdx _x__a
a+bx2 b p\Vab
dx 1 a+x
= —1 +C,a® > x?
/az—xz\_ 20“[ ] *

a-x
/Va+bxdx=%V(a+bx)3+C

- - 3bx)V(a + bx)}
/x\/a + bxdx = 22a E;;lz (a x) +C
— 2 — + 2)V(a + bx)’
[xz hr dx = 2(8a* — 12abx lotsigzx )V(@a+bx)’ |

'/.\/.:12 — x2dx = %[x at— 2+ azsin‘lf] +C,a>0
/Jr\/.u:2 + a’dx = L V(x?* + a?)® + C

3
/xz\/az — xtdx = —%}\/(az - x%)?
2
+ a—(x\/a2 - x4+ azsin_l—;-) +C,a>0

8

f\/xz + atdx = %[x\/xz:l: a’ + azln(x+ Vx? + az)] +C
/Jc\.ha2 - x*dx = —%\/(ﬂ2 - +C

2
n x*+a?)F %x\/x2 + a*

4
a
— Eln(x +

x
/x2Vx2 + atdx = =~

xz:l:az)+C

/ dx =2\/E+_bx+c
Va + bx b
—% =Viitad+C
[V vy o
+x\/E+%J+C,c>0
= vl__cain'l( _z,b_.ﬁ?__ 4:0) +Cc>0

/sinxdx= —cosx + C

/cosxdx =ginx +C

/ x cos(ax) dx = %cos(ax) + Esin(ax) +C

/ x? cos(ax) dx = %oos(ax)

atx* -2

al

sin(ax) + C
ax — 1 ax
e¥dx =—e"*+C
a
eﬂX
fxe‘“dx =—(@ax-1)+C
a
/sinhxdx =coshx + C

/coshxdx=sinhx+€
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