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PHYSICS  106  FORMULAS – exam 2

Physics 106:
Rotation (Kinematics): 360(  = 2( radians = 1 revolution.  Arc length s = r(; 

Angular velocity: ( = 2(/T (T-period of revolution, ( - constant).  ( =d( /dt (general)

Angular acceleration ( = d( /dt

Connection with linear variables:  vt = r(;  at =  r(; ac = ar =vt2/r  = 2r; atot2 = ar2+at2


vcm = r (rolling, no slipping);  acm = r
Constant angular acceleration (: ( = (o + (t  ;  (f ( (o = (ot +½(t2       (f2 ( (o2 =  2((( ( (o);

Rotation (Dynamics): Moment of Inertia:  Ipoint = MR2 ; Ihoop =  MR2 ; Idisk = 1/2 MR2 ; Isphere = 2/5 MR2 

 Ishell = 2/3 MR2  ; Irod (center)  = 1/12 ML2   Irod (end) = 1/3 ML2    General:    I = miri2  ; 

parallel axis theorem: I = Icm + Mh2
Torque: ( = F(r(sin() = force x lever arm  ( = r x F; 

”2d Law for rotation”:net  

Energy: Krot = ½ I2        K=Krot+Kcm        Work (kinetic energy theorem)  

 Work = netPower: Pave = W/t  ; Pinst(    

Energy conservation in a closed system: U (where K and U are, respectively, total kinetic and total potential energies for the entire system)
Equilibrium:     forces = 0  and   torques = 0
l = r x p    p = mv   L = li    net = dL/dt    L = I(
lpoint mass = m(r(v(sin(

For isolated systems:  net = 0     L is constant L0 = I00 = Lf = Iff
Physics 105:

Vsphere = 4R3/3;  Asphere = 4R2;  Acircle= R2; 1 inch = 2.54 cm; 1 m=100 cm=1000 mm; 1 kg=1000 g;       

Weight = mg; g = 9.8 m/s2;  v = vo+at;  x - xo = vot + ½at2;  v2 ( vo2  = 2a((x ( xo)       x ( xo = ½(v + vo)t

Fnet = ma;  Frictionmax = (staticN;  Fk = (kineticN; incline: Fx  =mgsin[(];  Fy = mg(cos[(]    

Rotation: Fr = mar ;  ar = v2/r;  f = 1/T(period);  T = (2(r/v)  

Impulse:   Favr(t = mvf ( mvI     (mv)initial = (mv)final          
Work:  W = F(d(cos(();  Wgrav = ( mg((y-y0); ,  Wspring = (1/2k(x2(x02) ,     Wfrict = (Fkd  ,      Wtot = Kf - Ki
Emech = K + U;Emech= 0 (isolated system);   Ug = mg((y(y0);  Spring: F = (kx;  Us = 1/2kx2; KE = 1/2mv2    

Mass center:  Xcom = ximi)/mi ,   similarly for Ycom, Zcom 
Vectors & Math:

sin() = opposite/hypotenuse    cos() = adjacent/hypotenuse     tan() = opposite/adjacent

Components:  ax = a(
cos()  ay = a(sin()   a = axi + ayj     | a |=  sqrt[ax2 + ay2]    = tan-1(ay/ax)

Addition:  a + b = c   implies  cx = ax + bx,  cy = ay + by
Dot product: a(b = a(b(cos()  =  axbx + ayby + azbz   unit vectors: i(i = j(j = k(k = 1;  i(j = i(k = j(k = 0

Cross product:  |a x b| = a(b(sin();  c = |a x b|  = (ay(bz ( az(by )(i + (az(bx ( ax(bz )(j + (ax(by ( ay(bx )(k 

a x b = ( b x a,   a x a = 0 always; c = a x b is perpendicular to a-b plane; if a || b then | a x b | = 0

i x i = j x j = k x k = 0,      i x j = k      j x k = i        k x  i = j                                                   

1.  One wheel of rotational inertia I1 = 2 kgm2 is rotating freely at 20 rad/sec in counterclockwise direction on a shaft.  A second wheel of rotational inertia I2 = 5 kgm2, rotating freely at 15 rad/sec in the opposite direction, is suddenly coupled along the same shaft to the first wheel.  Afterwards, the coupled wheel system rotates at 

A)   1.00 rad/s, counterclockwise

B)  2.25 rad/s , clockwise

C)   4.50 rad/s , clockwise

D)   5.00 rad/s , counterclockwise

E)   5.00 rad/s , clockwise

2.   A playground merry-go-round has a radius of 3.0 m and a rotational inertia of 600 kg × m2 . It is initially spinning at 0.80 rad/s when a 20-kg child crawls from the center to the rim. When the child reaches the rim the angular velocity of the merry-go-round is: 

A.   0.61 rad/s 

B.   0.73 rad/s 

C.   0.80 rad/s 
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D.   0.89 rad/s 

E.   1.1 rad/s 

3.  In figure a 1.0 g bullet is fired into a 0.45 kg block that is mounted on the end of a 0.60 m uniform rod of mass 0.50 kg. The block–rod–bullet system then rotates about a fixed axis at point A.  Assume the block is small enough to treat as a particle on the end of the rod. If the speed of the bullet just before the impact is 300 m/s, what is the angular speed of the block–rod–bullet system about A just after the bullet's impact? 

A) 0. 5 rad/s

B) 0.8 rad/s

C)  2.5 rad/s

D) 4.9 rad/s

E)  6.6 rad/s

4. Find the kinetic energy of the block–rod–bullet system  just after the bullet's impact. 
Ans.: 0.073 J

5. Find the ratio of kinetic energy of the block–rod–bullet system  just after the bullet's impact to kinetic energy of the bullet before the collision.

Ans.: 1: 617
6.  A wheel, with  rotational inertia I = 2 kgm2, initially has an angular velocity of 4 rev/s in counterclockwise direction  It decreases its speed to  to 2 rev/sec in 5 sec. If the wheel rotates in a horizontal plane, the magnitude and direction of retarding torque is

A.   5 Nm, up

B.   5 Nm, down

C.  10 Nm, up

D.  10Nm, down

E.   12 Nm, up

7.   A 32-kg wheel with moment of inertia I = 3 kg.m2 is rotating at 280 rev/min.  It must be brought to stop in 15 seconds.  The required work to stop the wheel is:

A. 1000 J

B. 1050 J

C. 1100 J

D. 1300 J

E. 1600 J

________________________________________________________________________________________________

[image: image2.png]bullet

rod

black




8. The figure shows a 3 - kg rod, 4 m long, with 2.00-kg balls attached at each end. What is the rotational inertia of the rod about left end of the rod?


A. 12 kgm2
B. 24 kgm2
C. 36 kgm2
D. 48 kgm2
E. 64 kgm2
________________________________________________________________________________________________

9.   A phonograph record of radius 0.15 m and rotational inertia I =0.065 kgm2 rotates about a vertical axis through its center with an angular speed of 33.3 rev/min.  A wad of putty of mass 0.2 kg drops vertically onto the records and sticks to the edge of the record. What is the angular speed of the record immediately after the putty sticks to it?

A. 29.2 rev/min

B. 31.1 rev/min

C. 33..3 rev/min

D. 35.2 rev/min

E. can not be determined

__________________________________________________________________________________________________

10.  A uniform 400-N beam 6 m long rests on two supports, as shown. The force exerted on the beam by the left support A is closest to

A)    50 N

B)  160 N

C)  240 N

D)  320 N

E)  400 N
11.  The cross product A ( B of two vectors A = i + 4k  and  B = 2i - k   is equal to 
A)    41 j 

B)     9 j
C)    11 i
D)
  6 (i  k)

E)    23 j
12. Find the scalar (dot) product  A.B  of the previous two vectors.

A) -70

B) -14

C) -2

D) 8

E)  36

13. A particle of 0.5 kg is located on the y-axis at a point 

r = 0i +6j+0k (in meters) , and is moving with velocity v = 4 m/s in the x-direction (i.e. v =4i+0j+0k). Find the angular momentum of the particle (in kg m2/s).

A) 6i
B) 6j
C) -12k
D) 3i+2j
E) 2i+3j
14. The same question as above, but the particle also has an y-component of the velocity, v=4i+2j+0k (in m/s). Find the angular momentum (in kg m2/s). 

A) 6i
B) 6j
C) -12k
D) 3i+2j
E) 2i+3j
15. Earth has mass of about 6 x 1024 kg and revolves about the Sun in a near-circular orbit with radius r=150 x 106 km. Find the angular momentum due to this motion.

Ans.: 2.7 x 10^40 kg.m^2/s

16. A round body with mass i M , radius  R and rotational inertia I rolls without slipping up a ramp of height H and stops at the top.  Find the unitial velocity.
Ans.: sqrt[2gH/(1+I/MR^2)]
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