University of California, Berkeley
Department of Mechanical Engineering
ME 104, Fall 2016

Midterm Exam 1 (5 October 2016)

1. Choosing cylindrical coordinates in a Newtonian space, we may write the position vector

r of a particle B as
r = x(B,t) = Rer + 2Kk, (1)
where
en = cosfi+sinfj, ep= —sinfi+cosd]. (2)
(a) Calcdg&@’égd@jmd obtain the éfgﬁﬁ@ﬁ;@gogty ‘(.)f B)

(b) Consider a rotating right-angled rigid rod OAC (Fig.1), where the position vector of C
is

rc = Rpep + hk (3)
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Figure 1: Rotating right-angled rigid rod OAC and slider B
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with OA = Ry (and AC = h > 0). Let the angular velocity of OAC Eefﬁs@»)(u -
0k,0 = const.). Suppose that a slider B of mass m is driven up t_he vertical leg {10 fn
constant vertical velocity. Neglect friction. Recall the general expression for acceleration in

cylindrical coordinates, namely (you do not need to prove this)

a= (1’% _ R92) er + (Ré + 21’3{9) es + ik (4)

Calculate the cgmponents of the fok

ce N that the rod.exerts-on-the-slider. Also, calculate
the c&ving fUrceT_"-u _ .

(c) Show that the velocity and acceleration of the point C may be expressed as

ve = w x r;- (5)

and

ac=wx (wxre).

(6)



- hich is moving along a space curve C with positive curvature &
(=1/ p). evgrywhere. Let s be the arclength of C and let e, be the unit tangent vector to C.
The principal unit normal vector e, is defined by

1 det
fi == EE;: (7)
and the unit binormal vector 1S e, =e Xe,.
(a) Show that
e, e =10(. (8)

(b) Prove that velocity and acceleration of B are given by

VvV = 'éet (9)

and
a=3e +ks’e,. (10)

(c) Deduce that

_lvxal 11

[Ivi]®
(d) If the slider B in Problem 1 has a vertical speed of 1 m/s, and Ry = 200 mm, and w
is 30 revolutions per minute, calculate the~raditrs-of ‘(M p of the path of the slider in
b ——~———

space. R e

(e) Suppose that an airplane ass m is flying counterclockwise in a vertical loop at an
airshow. Indicate the directions of e; anthe, at a%ew pointy on the loop. Draw the free-body
diagram of the airplane af the botfamomt A Ok the loop (denote the lift, thrust, and drag
by L>0,T7T>0,D > O?ively). If the speéd of the airplane in the vicinity of the

point A is constant e(t/750,-km/ h And the radius of curvature of the loop at A is 1800 m, find
the relatigpship between-T- , and @.

(/



