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Illustration of a cut-away tree at various magnifications, corresponding roughly with the images to its 
right; at the top, at an approximate magnification of 100×, a softwood cell and several hardwood cells are 
illustrated, to give a sense of scale between the two; one tier lower, at an approximate magnification of 
50×, is a single growth ring of a softwood (left) and a hardwood (right), and an indication of the radial 
and tangential planes; the next tier, at approximately 5× magnification, illustrates many growth rings 
together and how one might produce a straight-grained rather than a diagonal-grained board; the lowest 
tier includes an illustration of the relative position of juvenile and mature wood in the tree, at 1× 
magnification. B,C, light microscopic views of the lumina (L) and cell walls (arrowheads) of a softwood 
(B) and a hardwood (C). D,E, hand-lens views of growth rings, each composed of earlywood (ew) and 
latewood (lw), in a softwood (D) and a hardwood (E). F, a straight-grained board; note that the line along 
the edge of the board is parallel to the line along the grain of the board. G, a diagonal-grained board; note 
that the two lines are markedly not parallel; this board has a slope of grain of about 1 in 7. H, the gross 
anatomy of a tree trunk, showing bark, sapwood, and heartwood. 
 
Forest Products Laboratory. 2010. Wood handbook—Wood as an engineering material. General 
Technical Report FPL-GTR-190. Madison, WI: U.S. Department of Agriculture, Forest Service, Forest 
Products Laboratory.508 p. 
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