MIE100S Dynamics - Spring 2014

Midterm exam solutions

Question #1
Given: m = 50 kg v=17m/s
ff=130N p=128m 6 = 20°
v? 172 m
a) a, = =5 = 10325

b) YE, =ma, > N —mgCos(20) = ma,,
N =977 Newton  f; = N = 130 Newton
> 4, =0133

c) Projectile motion:

Ax = v, Cos(0) At

y = %at2 + Vo Sin(0) + y,

—40 = —~gt? —17Sin(20)t > t=2324Sec Vo

Ax = vy Cos(6) At = 37.123 m




Question #2
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Given

vy =05 [?] (to the right); u; = 0.27; my = 44 [kg]; m

Velocities are assumed in direction of increasing length:

- As |, increases, A moves left
- As |, increases, B moves down

Total length of rope:

LT:2d1+3ll+d2+lz

Taking the time derivative on both sides gives:

O=3UA+UB

s = 21 [kg]

(1)

(2)

since L, dq,and d, are constant, and [; = v, and [, = vp.

Hence

UB = _BUA

(3)



(a) Kinetic energy of crate B at instant shown:
Velocity of B:

UA = _05 I:?
. m
Since vg = —3v,: vg =15 [;]
Kinetic energy:
— 2
Typ = 5mpvp

2

1
Tip =521 157

= 23.625[]]

Tip = 23.625 [J]

(b) Acceleration of crate B at the instant shown

Free body diagram for A and B:
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A, x- YE =-3T+F =mya,
direction: N =myug
B, y- YE =-T+mgg = mpag

direction:

=ma

where Fy = Ny, and

(4)

(5)



Taking the time derivative on both sides of equation (3) gives

ap = _3aA

Combine equations (4), (5), and (6)

mpg my
Rearrange for T g1+ 3uy)
=9 T o0k
1.9
mp My
H 9.81(1+3-0.27
ence T = (1 ; ) _ 70415 [N]
21142

Substitute result of equation (7) into equation (5)

_mpg—T
ap = mp

21-9.81 — 70.451
% = 21

— 6.455 [?2]

ap = 6.455 [sﬂz] (downward)

(6)

(7)



Question #3

(a)

(b)

(c)

Total elastic potential energy

Z%k(Ax)z = 2%(200)(1.5 —0.3)% = 288]

Velocity before the collision

vg=-2im/s v,=7?

2%k(4\x)2 =%mv§+mghc => vy, = \/2

mgy
vy =9.541m/s

2 _ _ _
i, m;v; = constant => myv, + mpvg = (my, + mp)v

= Mavatmav _ 4(9.541))—5(2) =3.129m/s

mat+mpg

Vafter impact = 3.129m/s

Heat generated
1 2 _1 2 41 2
> (my + mg )v° + Heat = SMaVj +ompvg

1 1 1
Heat = EmAvj +5m3v§ — 5 (my +mp w2

k(4Ax)2 —myghc

= 9.541m/s

Heat = % (4)(9.541)? +§ (5)(2)2 —% (4 4+ 5)3.1292 = 148.003 ]



