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PHYS101-Midterm Exam I 1

1. A cannon is on a train car traveling with velocity v = 2 m/s to the Y
left. The cannon fires at an angle # with the horizontal as it passes a
flag post fixed to the ground (see the figure). The cannonball leaves o l i
the cannon with speed vp = 25 m/s (with respect to the cannon).
(Gravitational acceleration is ¢ = 10 m/s2, the height of the train car ¢4 0
and the cannon is negligible, and cosf = 4/5.) _. .

(a) What is the velocity of the cannonball with respect to the ground?

With respect to the train: dor = 25 x %% + 25 x gj = 20i 4 155 m/s
With respect to the ground: Tog = Tor — 20 = 18i + 155 m/s

(b) How far away from the post does the cannonball hit the ground?

Time of flight: y = vyt — 3gt> withy=0 = tf:%:ﬁ:?)s
Then, vy = v,ty =18 X 3 =54 m

(c) With |t fixed, the angle of the cannon can be changed to change the range. For which
value of € is the distance from the post to the hit point on the ground is maximum? (You

can express your answer in terms of inverse trigonometric functions.)

For any 0: Tog = (|0| cos @ — )i + (|Ty|sin )y

d ; 2ugsinf | __
for max. range 5 |(vocost —u)=t02=2) =0

vo(cos? O — sin? 0) — ucos = 0

vpcos20 —ucosf =0 = 2upcos’l —ucosh —uvy =0

+ /uZ + 82 11 1\?2
w = = arccos | - + (25)) +2

f = —
o8 vy 2| 25

402 —u?Fuy/u248vE

Another form of the solution is sin% 6§ = 503
0
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PHYS101-Midterm Exam I 2

2. Two masses My and My are connected by a single ideal rope (massless,

. . . . ili
inextensible) that runs vertically except where it passes over pulleys. cerine

The rope is arranged as follows: one end holds mass M, the rope

goes up over a fized pulley attached to the ceiling, then goes down

and passes under a movable massless pulley that supports mass Mo,

and finally goes up and is attached to the ceiling. Assume all pulleys

are frictionless and massless.

The system is released from rest. Initially, both masses are at height HT

H above the ground.
For the numerical values M; = 1.0 kg, My = 1.0 kg,
g=10m/s?, H = 5.0 m, answer the following:

ground

(a) Draw free body diagram for the masses, and the moving pulley.

i AT TIIIT
.
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(b) Calculate the accelerations of the masses. Which mass reaches the ground first ?

M1a1 = Mlg =T

Msas = 2T — Mag If My moves down with Ay, and M, moves up
with Ag the change in the length of the rope is
A —2A5=0

= a1 = 2a9
= M (2&2) = Mlg—T and Msao = QT—Mgg

(2M; — My)g (2 —1)10

ag = =
> (4M; + My) 5

=2m/s®> moves up, and a; = 4m/s*> moves down

M7 moves downward, it reaches the ground first.

(¢) How long does it take (from release) for that mass to reach the ground?

1 2H 5
H = —a 2 t :M:f
2@1 f = f a1 9 S
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3. Two masses m4 and mp are on inclines and are connected together by
a string as shown in figure. The coefficient of kinetic friction between
each mass and its incline is p, (take ps = pg) . Ignore masses of the
cord and the pulley (assume frictionless pulleys).

[5 Pts.] (a) Draw free body diagram for the masses.
Ny T T Np
'>//\\/V fB
\
/)\//
& v v
fa mag mpg
[10 Pts.] (b) If m4 moves up the incline, and mp moves down, determine their acceleration.

Ny =magcosf) and Np=mpgcosl

T —magsinf — fa = maa
mpgsinf —T — fg = mpa

Adding them up yields

(mp —ma)gsing — (ma +mp)ugcosd = (ma +mp)a

=a= Mg sin @ — pgcosf
(ma+mp)
[10 Pts.] (c) For which angles 6 the blocks will start to move if released from the rest?

The above formula shows a > 0 if

tang > MM
Imp —ma|

or

8 > arctan {MWW]

imp — mal
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4. A block B of mass mp rests on a static, rigid incline. The incline

makes an angle # with the horizontal surface. The contact between
block B and the incline is frictionless. A second block A of mass m4

rests on top of B. The coefficient of friction between A and B is u ma

(take ps = pur = p). Blocks are connected by a light inextensible
string that passes over a fixed, massless, frictionless pulley mounted
at the top of the incline. Both string segments are parallel to the

incline.
(a) Draw the free-body diagrams of blocks A and B.

T N T Ny
fi
Na M
mag f mpg

(b) Determine for which 6 the upper block A can remain at rest relative to B (static equilib-
rium).

Nao=mggcosf and Np=(my+ mp)gcosb

T —magsind=f; and T+ f; =mpgsinf

mp —ma

= fi= 5 gsinf
mpg—m
|fil <uNas = %gsin9<umflgcosc9
2
tanh < KA
[mp — mal

(c) If the friction coefficient smaller than its minimum value fi,;, required to keep A from
slipping relative to B, find the relative acceleration of m4 with respect to mp.

T —magsinf — umagcosd = maa

mpgsinf —T — umagcost = mpa

1
= a=-————|[(mp—m4)gsind — 2umqgcosb
(mA+mB)[( )g pm ag cos 0]



