Fluid flow down inclined planes (“rivers”)
Experimental Investigation?
Using a jet of fluid rather than rolling ball bearings down an inclined plane displays some interesting behaviour.  Simple and quick to set up, it would make an interesting Experimental Investigation topic.  It water from a tap is used, typical meandering behaviour like a river results.  However, using a constant head to supply the water will suppress the meandering. Instead the flow shows an amazing 'braided' structure (ie the width of the flow widens and then narrows in a definite way).  It seems that surface tension (which tends to narrow the flow) and fluid inertial (which has the opposite effect) are the important factors.  The depth of the flowing fluid across a width varies (investigate using interference fringes?)  When the fluid hits the inclined surface it spreads out.  Most fluid flows at the outer edges, the middle of the steam is very shallow.  Surface tension will limit the spread and the resulting contraction will overshoot due to inertia and the flow will 'bounce' out again.  Thus as the fluid moves down the slope, the stream will vary in width (to give the 'braids').
Try these parameters:  flow rate 12.2 cc per sec; angle of inclination 45°; viscosity 0.016 cm^2 per sec (nb viscosity is easily changed by altering the temperature).  Use acrylic plate for the inclined plane.
Ref:  Nature 8 July 2004, p165

A tale of two balloons
Experimental investigation?
Posted on Capt: 23 March 2004

Consider two identical rubber balloons, filled with air to different sizes and connected by a tube with a tap. Open the tap. What happens?  Air will flow to equalise the pressure. Many readers will recognise the set up and the oft repeated counterintuitive answer that the flow is from the smaller balloon to the larger one.  Not always apparently.  For any irreversible process the 2nd Law of Thermodynamics requires that the entropy must increase. The entropy of the air increases as the pressures equalise. However, when the rubber balloon is in stretched its entropy decreases (due to the partial alignment of the polymers).  Larger diameter balloons have a larger 'surface tension' but lower entropy and vice versa. Thus it turns out that depending upon the relative size of the two balloons air may flow either way.  Helpfully for the experimenter, the detailed theory does not depend upon the shape of the balloon.
Ref: Nature; 18th March 2004 page 273

Froth and bubbles
Practical investigation?

Posted on Capt: 19 March 2004
Bubbles in fizzy drinks really do sink. Experiments with Guinness have shown that the bubbles towards the middle of the glass rise more than at the edges.  There is less drag away from the sides of the glass.  So the bubbles rising in the centre entrain liquid that then moves outwards and sinks taking some bubbles down with it. Thus unlike edge effects when using Stoke's Law for falling ball bearing in a liquid, where the edge effect will decrease with increasing tube diameter, providing the entrainment effect is large enough, the falling bubble phenomena will be less dependent of tube diameter.

So here is a second source of beer based investigations.
Ref: Nature; p247; March 18th 2004

Readers may recall that for some brews, the head on a pint decays exponentially as the froth of bubbles collapse. Entraining liquid in a rising stream of bubbles has been proposed as a way to achieve tropical ocean based hydroelectric generation, simply returning it to sea surface level via a turbine.  The warmer surface water provides the energy to produce the bubbles, which are then injected into the water column 50m below the sea level.  As they rise, liquid is entrained and lifted above the sea surface. Simply injecting bubbles (which size is best?) at the base of a suitable tube whose top is above the free water surface should mimic this nicely? 

Pile drivers?
Practical Investigation
Posted on Capt: 5 Feb 2004
Penetrating a dense granular substance (eg pushing your finger into seaside sand) involves a deal of interesting physics, much of which is not understood.  It is closely related to important problems in soil mechanics. You might expect the resistance to depend on depth.  It doesn't.  Below a certain depth is becomes more or less constant.  But some distance above the bottom, resistance rises exponentially (which suggests some sort of collective behaviour of the grains as the probe 'senses' the bottom).  A simple set up can be used:  a flat circular plate radius r attached to a thin rigid rod, or simply a rigid rod of radius r can be pushed into a bed of particles of depth Z, contained in a circular vessel radius R (glass or plastic might allow you to see a little of what's going on next to the walls).

It's a nice variation on the 'craters' theme and maybe a solid analogue of the Stokes Law set up. Many types of granular substances suggest themselves: dried peas, rice, beans, hundreds and thousands etc. or, glass beads, polystyrene beads.

Ensuring that each bed is packed uniformly before the 'plunger' is driven in presents an interesting problem, and the packing density is worth knowing (how close to random close packed is it?).
Ref: Nature 5 February pp503-4 (2004)

Liquid lenses
Experimental Investigation?

Posted on Capt: 22 Nov 2003
In an ideal world cameras would incorporate something like a human eye: a lens that can be focused between distant and close objects in 'twinkling of an eye' by simply changing its shape.  A French company called Varioptic, seems to have designed and made just that - a miniature lens system with no mechanically moving parts.

The lenses contain two immiscible liquids. One is water based the other oil based.  The non-polar oil layer is in contact with a positive electrode: the watery layer is negatively biased.  It is the curved interface between the two liquids that acts as the lens.  With no applied voltage difference the lens focuses on objects at infinity.  Applying a voltage changes the curvature of the liquid liquid interface, and hence the focus, in a matter of milliseconds.  A 30 dioptre range can be achieved.  Typical voltage differences are now less than 40V.
Applications include mobile phone picture messaging, a zoom lens for digital cameras, endoscopes, advanced microscopy and transport telemetry systems.

Bell Labs in America are also working liquid lenses.  The shapes of drops of electrical conducting, transparent potassium sulphate solution can be changed by voltages applied to suitable electrodes. An insulating substrate supports an electrode.  On this sits a washer shaped disc of dielectric. The drop sits on the washer and fills the hole in the 'washer' down to the electrode.  Applying a voltage between the electrode and dielectric alters the shape of the drop.
Ref: Opto & Laser Europe, November 2003, p16-17]

Craters
Experimental Investigation

Posted on Capt: 1 Oct 2003
Results from recent work on modeling crater formation by dropping objects into sand etc show that this is an active research topic as well as a favourite course work topic at both KS4 and A level.

Balls dropped into dry sand and other dry granular matter (eg glass beads, popcorn, ice cream sprinkles) form craters that are remarkably similar to those on the Moon. This is remarkable as the impact energies are much much less than meteorites, and beads etc are nothing like moon rock.  Crater diameter and depth increase with impact energy raised to the 1/4 power. This result can be accounted for theoretically if it is assumed that most of the impact energy is use to lift the grains out of the crater space - however, it must be much more complicated than this in reality?

Ref:  Physics Review Letters 16th May 2003
Other work investigated the penetration of cylinders into various granular beds. Behaviour seems to depend on whether the penetration is > or < than the cylinder diameters. For the former, results seem independent of what type of grains were used and penetration depends on cube root of drop height, square root of cylinder length, and 1/6th power of cylinder diameter. For the latter tip shape is crucial (flat/blunt, rounded, pointed etc)

Ref: Phys Rev Letters, 5th Sept 2003
What about very fine powders (flour, talcum powder for example) or larger particles (rice, beans etc)?  Damp sand must behave differently from dry sand.

Cheating at baseball
Experimental Investigation?

Posted on Capt: 13 June 2003
Chicago Cubs superstar Sammy Sosa who has clocked up a total of 505 home runs has been accused of using a "corked" bat to boost his hitting power (sic).  The bat is hollowed out and filled with a small amount of cork. However, as physicists have pointed out, such a modification would have two competing effects. A lighter bat would help a player swing the bat faster (smaller mass and moment of inertia), but would lessen the kinetic energy transferred to the ball. "If there is a net advantage, it would be ..... small" 

Ref: Alan Nathan, American Journal of Physics vol 71 pp134 -144 2003).
Students (and all golf players) are always amazed to learn that even under ideal circumstances (a perfectly elastic collisions between a golf club head and a golf ball), the maximum possible theoretical initial speed of the golf ball cannot exceed twice the club head speed.

