The van is travelling at velocity v when the coupling of the trailer at A fails. If the trailer has
mass M and coasts a distance d before coming to rest, determine the constant horizontal force
F created by rolling friction which causes the trailer to stop.

Given:
v := 20kph
M := 250kg
d:= 45m
Solution:
My
2 2
V =V, +2-a~(d-d
0 +22c(d-do)
_\\1
|
a 1 v -0 a. = 03429 1 - - o )
C = — C = 0 - {_} U
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L SFy=Ma,  Fi=Mag F=857N



The position of a particle is defined by r = {a cos(bt) i + ¢ sin(bt) j}. Determine the
magnitudes of the velocity and acceleration of the particle when t = t;. Also, prove that the

path of the particle is elliptical.

rad

Given: a:=5m b:=2— c¢c:=4m ty:=1s
S
Velocities
. H . . 2 2
VXl = —a-b~3|n(b-t1) Vyl = C-b-COS(b-tl) Vl = VXl + Vyl
m m m
Vyq1 = -9.09 — V1 = -3.33 — Vi = 9.68 —
x1 S yl S 1 .

Accelerations

Ay = —a bz-cos(b-tl) ayp = —C b2-sin(b~tl) ap = / aX12 + ay12

m m m
axl = 8.32 —2 ayl = -14.55 —2 al = 16.76 —2
S S S

Path

§ A2y
X-cos(b-t)  ZL=sin(bt)  Thus (— ; [y -1 QED
a C

a) \c)



The nozzle of a garden hose discharges water at the rate v,. If the nozzle is held at ground level and

directed at angle &from the ground, determine the maximum height reached by the water and the
horizontal distance from the nozzle to where the water strikes the ground.

. m m .
Given: vg:= 15: 0 := 30deg g:= 9.81—2 vo
S '_'_'_\__""'-\-..—_
Solution: | tu H\“‘l .
ay =0 ay =g : 5, '
Vy = V- C0s(8) Vy = —g-t +vq:sin(6)
-1 2 .
Sy = Vp-cos(0)-t Sy = 7-g-t +Vg-sin(0)-t
Vo-sin(®)
Maximum height 0= —g-t+vysin(6) t=—— t=076s
g
-1 2 .
h:= 7-g-t +Vg-sin(0)-t h=287m
1 2:vq-sin(0)
Horizontal distance 0= 7-g-t +Vp-sin(8)-t t=—— t=153s
g
d=19.86m

d := vp-cos(0)-t



The position of a particle along a straight line is given by s, = at3+bt2+ct. Determine its maximum
acceleration and maximum velocity during the time interval 0 <=t <= t;.

. ft ft ft
Given: a:= 1—3 b= —9-—2 c:=15-— tf = 10s ty = 0s
S
S S

Solution:

3 2
sp=a-t + bt +ct

vp = _P = 3-a-t2+2-b-t+c
dt
dvp d2-sp
ap=——= =6-at+2b

Since the acceleration is linear in time then the maximum will occur at the start or at the end.
We check both possibilities.

ft
aAmax = max(6- a-tg+ b,6-a-tf + 2-b) By = 42_2
S

The maximum velocity can occur at the beginnig, at the end, or where the acceleration is zero.
We will check all three locations.
-b
t = — t..=35s
cr= 34 cr

Vmax max(:«i-a-to2 +2:b-tg+c, 3-a-tf2 +2:b-tg+¢c,3 a-tcr2 +2:bto + c)

ft
VmaX = 135€



The conveyor belt delivers each crate of mass M to the ramp at A such that the crate's speed is
v, directed down along the ramp. If the coefficient of kinetic friction between each crate and the

ramp is L, determine the speed at which each crate slides off the ramp at B. Assume that no
tipping occurs.

Given:

M := 12kg

m
VA = 25?

d:=3m

pi =03
0 := 30deg

m
g:=981— f
S

Ve
Solution: >\
\\u(
Nc —M-g-cos(6) = 0 Nc := M-g-cos(0)

. . Nc m
M-g-sin(0) — pi-Nc = M-a a:= g-sin(0) - ”"'V a= 2.36—2

/ m
vg = VA2+ 2-a-d vg = 452 —

S



Box A of weight W is released from rest and slides down along the smooth ramp and onto the surface
of a cart. If the cart is fixed from moving, determine the distance s from the end of the cart to where
the box stops. The coefficient of kinetic friction between the cart and the box is s,

Given:

W = 30Ib

pi =06
h := 4ft

d := 10ft
Solution:

0=W-h—-p-W-(d-x) =0

h

I '
)] ]
x:=d—L X = 3.33ft

Mk



The suitcase of weight W slides down the curved ramp for which the coefficient of kinetic friction is
4 . If at the instant it reaches point A it has speed v, determine the normal force on the suitcase and
the rate of increase of its speed.

Given:
¥
W = 10lb v =x*
\'. h )
pK =02 i | d -
\Y4
ft \‘f&
Vp = 5— \:1‘
S A
.
NS
d := 6ft . \
b .= 8ft
Solution :  First find the radius of curvature p, and angle &.
3 3
2 2
2 2
d d
[“(d—yﬂ Hﬁﬂ
p=—X p:=f p = 23.441t
d2 £
_2y b
dx
d d
tan(0) = d—y =2— 0 := atan(2~—\ 0 = 56.31deg
dx b b)
. ft
Now do the dynamics Guesses  Fp:= 1lb V' = 1—2
S
v 2
W VYA w
Given FN— W-cos(0) = —-— M FN — W-sin(@) = —-v'
g p g
Fn)
N ft
= Find(Fy,v')  Fy=588lb V' =22.99—
v' 52





