REVIEW 1

Review for the First Common QZ

(HR&W, Chapters 1-4)

http://web.njit.edu/~sirenko/

Physics 105; Summer 2006
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Common QZ includes:

Unit Conversion

Vectors (addition, subtraction,
multiplication, angle between vectors)

Motion along the Straight line
with constant acceleration

Projectile Motion
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Unit Conversions

Multiply quantities

and units:
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EXAMPLE:
What is the volume of the book in cm3.
(hint: 1 inch = 2.54 cm)

_ Solution:
2 inch -
Hinch V= (2x2.54)(8x2.54)(11x2.54)cm3=
=2.9x103 cm3
8 inch
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Vectors:
(variables with magnitude and direction)

{1
Displacement: J
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Components of Vectors:

- aligned along axis
) - add to give vector

— - are vectors
s yim) ‘\'
/ \ fo=7Tm

8 0O L = x(Im)
%

(e} (o

) a; =acosf and a, = asin@
" i
o a

. a:qaf:-l—ag and tanf = —2

() Length (Magnitude) Gz
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Unit Vectors

Components of a vector are still vectors

- —~ — Vectors have units (i.e. m/s)
D=0, +D, .
I - X
Unit vectors :l‘ >y
Unit Magnitude >
Dimensionless k—>z

Used to specify direction

D=D/+DJf ?

/ .
Magnitude + si j
agnitude + signh Unit Vector .
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Vector Addition
Consider Two Vectors
A=Ai+Aj
B-Bi+8Bj

A+B =(Axf+,4yf)+ (Bx;\%—gyf)
= (A, +8,,)f+(Ay +By)f
Just add components.
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C=A+B
:(lzm.f+5m-j)+(2m-f—5M'j)
~14m-i

Vector Multiplication

Component of &
aliang direction of

b bios @ /

their tails together

(N3]
i-b= abcos ¢

Scalar product
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o B A*B=B-,
o il ; sinee cos(f) =cos(-0)
Caommpemnent of o
.-Iun:_: direction of
|'-n.-.-|m.u —
A

Scalar product

A+B=ABcosh = A B +A B +A B,

B is the angle between the vectors if yvou put

T

10

Motion Along a Straight Line

Positive direction

el
1
Negative direction
- Q O.\'im'l-
-5 -2 1 D | 2 5
.'.l
Origin—"

Displacement:

Displacement is a change of position in time. Az =z — 23

It is a vector quantity.
It has both a direction and magnitude.
It has units of [Length]: meters.

Review 1 Andrei Sirenko, NJIT 11

Kinematic Variables
Position is a function of time: x = x(1)

Velocity is the rate
of change of the

Acceleration is the
rate of change of the

position velocity
V(t) = Lim E = d—x a(t) = I;im g - d_\'"
Al }ﬂd At dt A0 At dt

dt
Position = Velocity _d__t.. Acceleration

Review 1 Andrei Sirenko, NJIT

12




TABLE 2-1 Equations for Motion with Constant Acceleration?

Equation . . .
Mutber Ecquation Ilissing Cuantity
2-11 v=v;+at X -1
2-15 x—xD=vD£+%a£2 v
2-16 vi=vd + 2a(x - xy) !
2-17 x-xg= Livytwk c
Z
2-18 X-xp=vi- %azz ¥

Constant
Acceleration

Passithion

(@>0) "

v(t) = vy t+at;

X(t) - Xo = vy t +at?/2

2 Make sure that the acceleration is indeed constant before using the equations in this table,
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X(t) - Xq = (V(t) 2- vy?)/2a

ass)

Acceleratiog

X=-Xg=% (V+vy)t
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What does zero mean ?
>t =0 beginning of the process
» X =0 (origin) is arbitrary; can set where you want it
> Xo = X(t=0); position at t=0; do not mix with the origin !

>V (t) =0 xdoesnotchange X(t)-x,=0

>Vg=0 v(t) = at; X(t) - X, = at?/2
>a=0 v(t) = v, X(E) -Xy=Vvy t
>a=0 v(t) = vy *at; X(t) - Xo = vV, t +at?/2
help: t=(v-vy/a X - X = %(Vv 2- vy?)/a
a=(v-vy/t X -Xg=% (V+vy)t

» Acceleration and velocity are positive in the same
direction as displacement is positive
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Free Fall Motion

A learned moan earher unt, Bee-fall 1 a specal type of mobon m
which the ooy force acting upon an otject 1z gravity. Objects whach
ae said 1o be undergowsg fow-fall, are not encounbermyg a sgnficam
Eerce of ax resistance; they ase falkng under the sole mdhuence of
grivaty. Tndey such conditians, all abpects aill fall with the sane vats
of acceleration, regasdlers of ther maze. Ewt why? Consider the
free-falng moton of a 1000-kg baby elephant and a 1-kg
GRETErOWN mouse

o,

e + T = 1M

T = WO

la = -g whereg =98 m/s2

(defining "up" as the positive direction)

- -
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More general Y

4 Ball-

case of the e

v="0at —
highest point

Free Fall Motion g :

- During
i descent,
I During ascent, —. a=-8
a =-g whereg=98m/s? a:—g% y speed
(defining "up” as the positive direction) speed decreases, ll]Cl'ﬁaSCS‘.
and velocity and velocity
becomes less becomes
positive T more
Y O negative
e & =0
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Example:

Car starts at rest and accelerates for 10 seconds with a=+5 m/s? . Then the driver pushes the
breaks and comes to a complete stop with accelerates of a=-3 m/s? . What is the total
traveled distance?

A
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Example:

Car starts at rest and accelerates for 10 seconds with a=+5 m/s2 . Then the driver pushes the
breaks and comes to a complete stop with accelerates of a=-3 m/s? . What is the total
traveled distance?

a=+5 m/s? ="

X x=0

a=-3 m/s2

V'

X,= Vo t +at?/2 = 5 m/s? *100 s? /2 = 250 m;
v=at=5m/s2*10 s =50 m/s (ticket ?)

X,= (V(t) 2- v?)/2a = (0-50*50 m?/s? )/ (-2*3 m/s?)= 417 m
X, +X,= 250m + 417m = 667 m
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Projectile Motion

Horizontal motion + Vertical motion

"Free fall with horizontal motion"

horizontal
vertical (take positive direction as "up")
is not relevant

N~ X
mom

* - - - . . * -
a is only in the vertical direction: a=-g j

a,=-9g a,=0
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Projectile Motion

Horizontal motion

a, =0

Vertical motion

a = -g

In both directions the acceleration is constant

vV, = Vo, = constant

X = Xg + Vgt

Vy = Voy

T — Ty = Ugut g=dn

= (vocosBy)t

Y = Yo * Vo, t - #gt?

1
= wgyut — Egt

1
= (vpsinBy)t — Egt2

U
......................... vy = wgsinfy — gt
\ Bo e

y = (tan 6p)z —

Projectile Motion; General Case

Trajectory and horizontal range

2 2

T v
£ R = “%sin 26,
g

2(vp cos ;)2

"-’: = (v sin 90)2 — 29(y — Yo)
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] i . 1. Find the ) ) ] 1. v, =Constant
Example: Projectile Motion magnitude of Example: Projectile Motion , -, cos350-16.4 mss
V220 m/ the final V220 m/ 3. Vv, v, sin 350 gt
= m . . = m
0 S velocity and find 0 S 4. Find time of flight using
Angle 35° . the velocity Angle 35° . 0=h+ v,sin 350 t -gt2/2
\F components 5. gl .
f . f Plug the numbers in:
- when it touches : _g . b
the ground 0=10m+11.5m/s*t - 9.8m/s2 t2/2
. * 4.9 t2-11.5m/s*t - 10m =0
2. Wh_at is the Solve it for t and find two roots:
horizontal

A
v

X=7?
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distance X ?

23

t=-0.7s (what does it mean ?)

t,=3.0's

V= 11.5m/s-9.8m/ s2 *3s = -18m/s

A

Review 1

v

X=? V= (2t v,2) %= 24 /s
X=16.4m/s*3s=49m
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Projectile Motion
EXAMPLE for the Horizontal range:

A football is thrown toward a receiver with an initial speed of 20 m's a1 an angle of 257 above the
horizontal. At what horizontal distance the receiver should be to catch the foothall at the level at
which it was thrown?

Newton’s Laws

If no net force acts on a body, then the body’s velocity cannot
change.

The net force on a body is equal to the product of the body’s
mass and acceleration.

When two bodies interact, the force on the bodies from each

L~ = other are always equal in magnitude and opposite in direction
/ F R (Fp=-F2)
= , _‘\_ Force is a vector
R R -mau»l ! ¢ the football R— 'Ug i 20 Force has direction and magnitude
B I e - ; Sl 2G Mass connects Force and acceleration;
C) 2m
(D) 3m ) z = _ _ .
i R= (20m4) 4in 507 - 34 v Fiot = 0 ©d = O (constant velocity)
(T = _ .
3.3 ™/ — F,.p = ma for any object
Fiot.x = Ma, Fioty = ma, Fiotz = ma,
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- ‘I TABLE 2-1 Equations for Motion with Constant Acceleration?
> >
» Gravitational Force: Fy=mg down to the ground Equation Equation Missing Quantity
Mumber
i > . o
~Tension Force: T along the string LI VA 5\ 211 v=v,+at x-xg
F-.-x
> /\ 2-15 x-xg=wvptt ;_az?- v
~Normal Force: N perpendicular to the support _
v 2-16 v =y + 2alx - xg) £
~Friction Force 2-17 X -y = :IT(VU + v a
Static; i lue f, = p N
» Static; maximum value f, = p, 9.18 % -xg=vi - %azz vy

opposite to the component of other forces parallel to the support
> Kinetic; value T = winN e ey
opposite to the velocity, parallel to the support

Hst > Hiin
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? Make sure that the acceleration is indeed constant before using the equations in this table,
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Problem 1: Please mark the version of' the exam vou are aking

Al YOU ARE TAKING VERSION A
B)
C}
1)
E)

Problem 2: Find the mass of an objeet whose initial speed of 4 mé s reduced w0 zero with o constant 4 N foree in 2

seconds. = F

B) 05kg Fema . o= . ™A

By 2 ke

(‘":-HE: V= 1'"’0 —G,-'t =7 Vn:'ﬁ{_ ="y

1) 8kg o = Vi /g

L) 16 ke -E—H-.-q..-._...__u f—,
P = £ L

=~ . = T_,,?;:?na

5
Problem 3 Two forces acting on an olject of mass 3 0 kg give rise 1o an aceeleration o = (2.0 m/&"0 + (3.0 m/s”)j
Ome of the Forees is Fy = (10 M)i - (4 N)j. The sther must be

A) Fr= {10 )i+ (15 N)j by -5-<J A= 27 3 (ehz)
B) Fy=(20 M)+ (11 N)j . Fo= loy 4 @

Ch Fr={10 N} E _»n - % s ‘_,“’rj

D) Fy=(12N)i-(1 N LA Fuy= FL4 R => Ro» Fu-F
E} Fym {19 N} =

FMI- = mﬂa = "'UT"'I‘;; f"'r_J
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Problem 4 A 5 kg lamp is suspended by a siring From (he ceiling inside an clevalor moving up é
with l,ll.."ﬁ,'ﬂ..']LiillH upwi I the n:lnEmiIllLIc of the elevitor™s aeceleraton s 3 m's”, what 15 the i
tension in the string?

A) BN a T

By 49N | L I mg-—T: i
e S e
[5] ErI-IIN " = M%a_q}

T= Sea(98-3)%p = Sed:=3

Problem 5 A 10 LE‘ ock 15 l]fﬂ,ggt\ll :I.'ll.'ll'lg a loqironial fncoonbess surface with @ 100 N fogoe thal maket an i!l!@h.‘
of 25 with the hanaontal, The normal foree exerted by the surface on the blogk =

A) 98N N + F sin 6 = mg;

B 40N .

) 14N N=-Fsin6+mg

.E‘i'_:E‘N"_ N = -100 sin 25° + 10*9.8 (Newton) =56 N

Problem 6; A blogk mitially moving at 4 mé's upwards on an mcling comes 0 rest after traveling 5 m up the ingling
‘What 15 the angle between the incline and the horwontal in degrees?

aod V-2 =-2ax; P a= V2 /2x

B) 81
{'; 5 F=mgsin®; da=gsin6 <> sin0 = v,2/(2gx);
DL 0 =sint (v,2/(2g%)) = sin(0.16) = 9.40
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Probbem 7 The tension in the SErng on the :I'Igl'll ol the :I'Is_hl black 15 36 N, Each block has a mass of 2 LE'. The
aurface 15 nchonléss, What 15 the 1ension in the siring berween the blocks”

Al 9N - i T
H) 36N T -- I

{.F i s iy =F‘-. Mae | =7 & ey . . 1 [ 1 >
Ly 1EN _— T EX L '-I_ ) | | |

D 12N T=T'sama . T=T-ma =T[5 |= 4 I
E)y 27N

T=18N

Problem 8: A 2000kg car slides on the ioe and stops in 20m dwe to the frictional foroe between the car and the jce. 17
the initial speed of the car is 5 mfs, the cocfTicient of Kinctic friction between the soc and car is:

A) O
D) 10 F=mgu; Da=gpuDdpu=v2/(2gx);
Ey 98 p =25/(19.6*20)) = 0.064 (mass is not important !)

Problem 9: A block of mass Skg is pulled along a horizontal Noor by o force of 208 as shown m the Ggune. The
cocilicient of static friction is 0.4, The coefMciem of dynamic friction s 0.2, the magnitude of the aceeleration of the
block is

AL The block does naot socelerate. The 20N foree is not strong enough. 20N

B} The scecleration & #ero, bt the block moves at constunt veleciy. »

C) 204 mis”

D) 024 mfs’ v -

E) 9.8mis v ST

ceen F>F4 (20N > 19.6N) or F = F,; (20N = 19.6N)
a = (F - Fi)/m = (20-9.8)/5 = 2.04 m/s? (too many sign. Figs.)

Problem 1 As shown in the Figure below, a sled is pulled up a snow covered hill by a force F. The angle of the
dlope 15 25 degrees. The welght af the sled iz 100N, Which of the labeled arrows below indicae the DIRECTION of
the fnctional foree?

A) Ammow | y \2 L‘_
By Arrow 2 . -
1 _Amow 3 ma=F-mgsing-f e " F
D) Amow 4 - _ _ i
E} Mone of the above ma =F-42N - f j,—;&/"
fis directed as “3” o \
T 25

Problem 11 Referring to the sled prablem above, the coefMiciem of static friction is 0 25 and the coefTicient of
kimetie froction 15 0,15, What value of F s regquired such that the shed moves ot o constant velocity™?

g; :g:‘: Y: mgcos0=N; Ff=uN; & f=pmgcoso
C) 42N ma=0=F-mgsin 6 - pmg cos 6
Dy 91N F=mg(sin®+pcos6)
Ey 100N F = 100(N)*(sin 25° + 0.15 cos 25° )= 55.8 (N) ~ 56 (N)
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x— g = Vgut
= (wpcosBy)t

QzZ#7 _

O=. A ball rolls off a table — (vpsindo)t - %gtz
: | | ' of height h. The ball
has horizontal velocity
vO when it leaves the | v, = wosinfy — gt
h table.

3 (vo sin6)” — 2g(y — o)

1
Voyt — Egt2

=

@
Il

How far away does it AX = ??7? +——>
strike the ground?

For x direction: t = AX/ v,

= = How long does it take Vox=Vo.  Xo=0
=5 m/s. to reach the ground? ’

h=2m

For y direction: y(t) =0
y=0;  Yyo=h y(t) - h = vy, t - gt2/2
AX= Vy-(2h/g)*
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