Sea level changes
R&R topic?

Posted on Capt: 2 June 2004
Global warming is leading to the Artic sea ice melting. In fact it is melting faster than expected.  This may mean that predicted sea level rises re too high.  A paradox!  Several competing effects have to be considered.

Global warming is also resulting in the oceans themselves getting warmer, and thus expanding. This results in sea levels rising at 0.5 mm/yr.

Water is being added to the oceans from two sources: melting sea ice, and retreating glaciers.  Combined this adds another 1.8 mm/yr to sea levels. However, sea ice is less saline than sea water (3 parts per 1000 compared to 35 parts per 1000). Of course floating sea ice is less dense than water, so melting the frozen sea water cannot add to sea levels. But by diluting the salt (freshening the sea water) it reduces the density of the sea water and thus reduces its volume.
Artic sea ice has thinned by over 40% in the last 30 years and is now thinning at 5cm/yr.  This melting is enough to account for the measured freshening of the sea water.  Thus run off from the land due to melting glaciers must be contributing less than was thought, and predicted sea levels rises may be too high.

But glaciers are retreating, so where is this fresh water going to?  Of increased evaporation leading to more cloud cover (not observed), or the growth of Antarctic ice. So the latter looks more likely, although it is very difficult to quantify the balance between Antarctic ice melting and growth.

Ref:  Planet Earth (NERC), Summer 2004, p2
There is one more complication - as ice melts and runs off the land, the ground beneath is somewhat elastic and 'rebounds'.  This makes a larger 'basin' for the oceans, resulting in an apparent fall in sea level.  The time scale for the effect is quite slow, so for now the paradox remains.

Data storage
R&R?

Posted on Capt: 3 April 2004
The size of individual information-storing bits in magnetic recording have now been fabricated into spaces less than 40 nm across. This translates into a storage density of 62.5 Gbit per square centimeter.  This is three times better than the previous best.

Such small areas require even smaller grain sizes of the magnetic recording medium. The snag is that they are more likely to demagnetize due to thermal fluctuations.  Magnetically 'harder' materials have been developed to allow the smaller grain sizes, but this makes it more difficulty to reorientate the magnetisation when 'writing' to the storage site.  So to record the data, the magnetic hardness ('coercivity') is temporarily lowered by highly localised heating. Such finesse is achieved by using the tip of an atomic force microscope.

Ref: Applied Physics Letters vol 84  pp810-812 (2004)

Cheating at baseball
R&R topic?

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.

NASA proposes MEER - Momentum Exchange Electrodynamic-Reboost
R&R topic?

Posted on Capt: 30 May 2003
A new technique for moving satellites around is being researched.  It would work in two stages.  Satellites are boosted into higher orbits using a 100km tether that is rotating round an orbiting mass.  A grapple mechanism at the free end of the tether captures the satellite at the low point of the tethers rotation, then flings it into a higher orbit, after the mass and the satellite have rotated about their common centre of mass.  Thus the extra height of the satellites orbit will be a little less than 2 x 100km.
After this sling shot operation, the satellite will leave the tether system in a lower orbit (conservation of energy), so the second stage of the process is to use a power source onboard the tether system to pass an electric current (solar generated?) through the tether where it will experience the BIL force due to the Earth's magnetic field.  This will move the tether system back into a higher orbit, for the next satellite assist.

NASA are investing $4M over the next two years to access the feasibility.
Ref: Nature 29 May 2003 p 470

Forces that affect GPS satellites
R&R topic?

Posted on Capt: 22 May 2003
We all know that gravity is the main force acting on a satellite and is responsible for keeping it in orbit around the Earth. However, apart from gravity there are three other forces that affect GPS satellites.  The largest of these is due to the direct solar radiation.  Their large solar panels are designed to intercept and absorb sunlight.  Next, about 100 times smaller than the direct sunlight, is the so called "albedo effect".  This is the sunlight reflected from the Earth to the "underside" of the satellite. A similar sized force is due to the temperature difference between the sunny side and underside. The hot side gets more of a kick from the radiated thermal energy than the cooler side. (You can demonstrate this in the lab using a Crookes Radiometer) For a GPS satellite the effect of these forces are equivalent to dropping a few grains of sand onto the surface of an object that weighs 1.5 103 N (at the surface of the Earth). Given the resolution of GPS systems, it is crucial to know where the satellite itself is located to within a few cms.
Ref: EPSRC Newsline Spring 2003 p22-23

Journey to the centre of the earth?
R&R topic?

Date posted on Capt: 16 May 2003
Space probes have so reached a distance of 40 astronomical units (6 109km) away from Earth, but drill holes have only penetrated 10km into the planet. Travel downwards needs to melt rock and thus requires energy p u distance covered circa 109 times greater than space travel. Using the well established principles of magma fracturing it may be possible to explore all of the interior of our planet.  Using a nuclear explosive (!) of a "few megatons" (equivalent to an earthquake of magnitude 7 on the Richter scale) to start the crack by exerting a stress of 1011 Pa.  The crack tip then releases energy and propagates at 5 m/s.  At this rate it will take about a week to reach the centre.

A grapefruit sized probe would sink with in the melt behind the crack tip. Because the earth's interior is opaque to electromagnetic signals, acoustic communication would be used.  The amplitude of the signals that could be generated, although very very small, would be detectable by LIGO – the gravitational wave detectors being built - provided they were coupled to the ground rather than isolated from it. In the weeks mission about 108 cycles of signal would occur, which would be sufficient to encode the state and composition of the deep Earth. This may not be science fiction!
Ref: Nature 15th May 2003 page 239.

Gravitational wave detector tests
R&R topic?

Date posted on Capt: 3 April 2003
Tests are underway in the USA to detect gravitational waves - ripples in the fabric of space-time. Each LIGO project detector is an L shaped interferometer.  Each hollow arm of the L is 4km long and pumped out to a high vacuum.  When a gravitational wave passes through the interferometer one arm will shortened and the other stretched. This change in path length will be seen a shift in the interference pattern of the laser light traversing up and down each arm when subsequently superposed where the two arms of the L meet. The changes are predicted to be absolutely minute, 10-18 m, or 1/1000 the diameter of a typical nucleus!!   The strain being detected is 1 part in 2.5 10-22
Ref: Opto & Laser Europe 105 April 2003 p5]

